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PREFACE. 


SpECfAL interest lias always been taken by man in the structure and 
ilevelopnient of the minute forms of life, whether animal or vej^etablc : 
in this volume I propose to lay before the reader a resume of tlie 
present state of onr knowledge of the multitude of living beings called 
Intiisoria. Tliis term, as employed by Professor Ehrenberg of 
Berlin, includes a wide range both of 'animal and vegetable life; 
while it is now Restricted by other iiafuralists' to the Protozoa, and, 
in the works recently commenced by Dr. Stein and MM. Claparkde 
and Laciimann, to the ciliated members of that group. 

Tlie former editions of this work having included a History of the 
Bacillaria, Phytozoa, Protozoa (under the name Polygastrica), and of 
the llotatoria, it is incumbent on me to retain these groups, though 
tlie researches of late years have so extended our acquaintance with 
tliem that mucli didiculty has been felt in the attempt to comprise 
the whole in a single volume, so necessary for a practical manual. 

The successful investigation of this department of Natural History 
arose mainly from the improvement of the microscope consequent 
upon the discoveries of Ti^st Objects and “ penetrating power,'^ 
the latter depending upon angular aperture,” — discoveries Avhich 
my colleague the late Dr. (jorincj and myself had the pleasure of 
[in'senting to the public. The microscope, having become thereby a 
reliable instrument, has revealed to us the true forms and structure of 
these beings. 

Part I. is? devoted to a General History of the several more or less 
■ natural groups of Infusoria : it contains also the observations and 
I opinions of British and Continental naturalists on their nature, 
structure, functions, and classiiication. The foreign Avritings on 
these M)jeets are so voluitiinous that even an ahstracit of them has 
I increased this part of the Avork much beyond Avhat it occupied in 
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former editions, while the introduction of the Tables from Part ll. 
lias fiirtlicr extended it; but^ as 1 have been anxious to give an 
impartial xiccovint (if the researches on this subject, a briefer summary 
might have impaired its usefulness and value. To Dr. Arlidge is 
due the rearrangement and preparation of this part. 

Part II. contains descriptions of the Families, Gein^ra, and Species 
of the groups whose genera! history forms the subject of the preceding 
part of this volume. Tlie systematic arrangement of Ehrcnbcirg has 
been retained for the Phytozoa, Protozoa, and Rotatoria, tlic new 
genera and species of other naturalists being collated and engrafted 
thereon. The descriptions of those curious and highly-organiziMl 
cj’catimis the Rotatoria liav(5 been extended and revised by Professor 
Williamson of Manchester, whose original researches and observa- 
tions on this group arc greatly appreciated, both in this country and 
abroad. 

In coiise(iucnce of the long illness of Mr. Rales, who had under- 
taken tlie revision of the Pacillaria, the publication of this edition has 
ticen delayed, and that group has been printcid last — a deviation from 
the original design which it is hoped will not inconvenience the 
reader, wliile it has allowed opportunity for the insertion of the latest 
researches. Owing to the circumstance stated above?, the revision oi' 
the Systematic History of the Family or Subgroup Desniidiacea? has 
been kindly caiTicd out by Mr. William Archer of Dublin, who has 
added some original views, expressing by symbols the ehara(?ters ol' 
certain genera; moreover, M, he Bkkiiisson of Falaisc has given this 
edition the benefit of his valuabh? co-operation, by furnishing descrip- 
tions of the ncwly-diseovcrcd foreign sp(?cics. 

The elegance and variety of the forms, the beauty and elaborate; 
s(;ulpturing of the silicious shells of the Diatomaceai, and the general 
interest now taken in their study, rendered it desirable to bring together 
in this volume all the known genera and species, British and foreign. 
This I have been able to effect by the research of Mr. Rales, whose 
name is so intimately identified with the knowledge of these organisms, 
and whose present aiTangemcnt of their families and genera will no 
doubt tend to facilitate our better ac(|uaintanec with them. Owing to 
the great dimensions which this treatise has accpiircd, and the limited 
space eonseipiently at (tommaiid, I was under the iieec‘ssity*^)f eoii- 
densiiig the manuseri[)t of Mr. Raj.i'.s, and of introdiieiug abbrevi- 
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ations. Still T have, in accordance with my original dcsigTi, given 
every known specific name, whether synonym or variety, wluireby 
observers may avoid confusion in the nomenclature by Aot- employing 
the same names for ncAvly-discovered forms. The references nov/ 
introduced are to works j)ublished subsc(piciitly to the early editions 
of this book : for their verification I am indebted to Mr. Kitton 
of Norwich. 

Twenty-one new Plates have been addc'd to this edition, of whieli 
six arc engraved by Mr. Tuffen West. In the ease of the Diatoms, 
all the new figures are drawn to one scale, repres(3nting a magnifying 
power of 300 diameters; many of them lik(3wisc arc drawn from 
specimens, whilst others arc engraved from original drawings kindly 
lent by Mr. (jEoiioE Norman of Hull, Mr. IIofeh of Clapton, and 
Mr. BiiiGHTWELL of Norwich. 

It now bcconfcs my pleasing duty to acknowledge the kind assist- 
ance received from the late Professors CiiECioav of Edinburgh and 
Bailey of New York; also to tender to Drs. DonkixV, Oreville, 
Francis, VValltcii, Stretiiill WiiiraiT, and Mr. (Jossk, along witli 
the gentlemen before named, my best thanks for their aid and advice 
during the progress of this laborious undertaking. 

In (onelusion, should the object proj)oscd in the reissue of this 
work be attained, viz. to produce in a single volume a compendium 
of the present state of knowledge, calcvdated to promote and facilitate 
the study of the very interesting branch of Natural History which 
forms its subject, and which has occupied much of my leisure time 
for more than forty years, I shall be fully content. 

• ANDREW PRITCHARD. 


( ^nioiibiiiy, Lcmdoii, N. 
Ni)Vi‘iul)LT ir>, IHUO. 
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of works rjdotcMj nud nbbn'viations iisod iKToiii ix 


JWUT 1. — A OKXEKAfi History ov iNrrsouiA, etc. 

IiAcielari.y: Ikamiffief/', llicir llguro, page? 1 ; colour, conyisfonev, cnvcUipcs, ojH?niugs in 
loricu, 1; inovcuuMils and cxlernal cilia, r> ; contends of iVoiids, (J ; circulation of (Con- 
tents, 7; rcjiroduction, 11; babilats, distrilmlion, appearance in innyscs and vital 
endowments, vc'getable nature and atTliiitios, mode of colleclitm, 120. — 1\ dhisfrctp^ tlnnr 
figure, composition, and contents of cells, 2-1; number and disposition of the cells in 
l lio fronds, 2o ; dtuTlopmcni and growth, 20; systematic? position, IM ). — Ditdomaca^, 
their gene?*al and (?xternal ehartietcra, 31 ; figiu’e, 32 ; tlio silicious shell or lovhra, its 
divisions and strvictnral eomposition, ma?'kings, strife, eanaliculi, piinota, &e., 37 ; 
contents of friistules, svippost?d digestive sacs, roprodiu?tivo vi'sich's, &;e., 47; move- 
ments, their ehameior and oaiis(?s, cilia, circulation of contents, respiration, ht); 
nnlritivc functiojis, supposed stoma(?h.s, hO; inultipUcalion, reprodiiclion, and devi?lop- 
ment, r>K; cojijngution, 01; habitats, appearance in niasst?s, abundance, 7n; googra- 
pliicjd distribution, 70; geological importance and fossil accumulations, 82; nirolitic? 
T)ialome:o, <85 ; uses of Diatomaccons deposits, 80 ; of the nature of J)iatoDiea?, w'hclbcr 
animals or plants, various hypotheses, 87 ; determination of species and genera, 
varieti(?a, classi Heat ion of Kiitzing, Sinitli, and others, 00; on the mode of obtaining, 
preparing, anti preserving sj)ecimeii8, 102. 

T’iiytozoa: the beings included under this name, tbeir general cliaracter, division into 
groups or tribes, tlicir figure, eov<M»iiigs, 111; (tell-eonlcnts, 113; movonmnts, 1 1 7 ; 
process of nutrilion, 110; mnIti]>lienlion and reproduel ion, fission, macrogonidia, 
microgouidia, 120; (?uc^ysting process, condition of rest, 123; phase's of being and 
a1h>rnation of generation, 12-1; on their nature, animal and vegetable eharaeters, 128; 
liabilats, 0 (?cnrrenec in ma.sse.s, colour caused by tlicir acdmiiiiation, 120. —Families : 
Monad iiui, 130; Crt/pfoinonadhia, \M)\ ]’'oh'Ocina, 1-14; Vihrionia, 184; Aafasimi ov 
hlnijlcmcctj 188 ; nature of Aslasia'a, 10<>. 

IhioTOzoA, \^^. —Jihizopoda, 201; movements of contained particles, 210; niieleiis, 211 ; 
roj>rodui?tion, 213; of the tostaeeons shells of MonoUialamia, 218; shells of Polytha- 
hiniia or Foraminifera, 222 ; dimensions and conditions of life, 227 ; habitats and 
distribution, 220; of their (^ell-natun? and characters ns individuals or as colonies of 
animals, 232 ; on their aflinilies, 234 ; classification, 237. Avfintyphn/ina^ 2-k3 ; 
movements, 240; prehension * and entrance of* food, 247; conlraetilo vesicle, 250; 
nucleus, 252; encysting, fission, gemination, embryos, 253; conjugation, 25(i ; loca- 
lities, atlinitics, 257. Acinetina, 25S; origin and devt?lopmcnt, 201. Greg ar ini da ^ 
202. Pfioroapermia, 205. Ci/iafa, 200. Subgroiiji A. Aafoma : Opalina*a^ their 
general characters and functions, 207; nucleus, self-division, supposed embryos, 200; 
habitats, vital endowments, nature, aflinitms, classification, 270. Peridinhea^ 271 ; 
contents, 274; reproduction, 275. Subgroup B. : dimensions, 277 ; figure, 

278 ; consistence, 270 ; integumt?nt, markings on surface, spines, lorien, 280 ; external 
sheaths or cas(?s, 282; (?ilia and ciliary ;R?iion, 285; locomotive and fixed forms, 
vartctics of locomotion, transitxny power of locomotiim among the attached genera, 
288; structure of pedi(?los, 292; compound sptjcinl organs of locomotion and pre- 
hension, the peristom and rotaiy or ciliated disc, the sjiirally-coiled head of Spiro- 
chonn, 294 . — Ciliated Protozoa, internal organization : subtegumentary layer, cliloro- 
phyll, thread-cells, 297; muscles, 3<K); organs of digestion, nutrition, and secretion, 
301 ; ‘the poly gastric liypotliesis, 30.3; d(?ntal ap])aratus or teeth, 311 ; contrnetilo 
veHi(?le, .312; nucleus, nucleolus, 320; oatiIcs, .*W4; spermntozoids, 337; ac(?es8ory 
contents, granules, molecules, sjiherieal cells, supposed glands, 338; eireulation of 
eoiihmts, 339. The oiu'ysting protvss, 341 ; reproduction, fission, gemmation, internal 
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ova producing germs or embryos, impn^gnation, production of now Ixdngs with and 
without mctamorpliosis, transfonnation into Acinetoj, #*{45; naturo of Ciliated IVo- 
tozoa, th^r existence as indciwndcnt orgiinisms, wll-tlicory njijjlitxl to them, ;M)8 : 
conditions pf life, .‘171) ; siicecasion of species, #{71 ; duration of life, intiucncc of 
externar agents, heat and cold, ;{7»{; necessity of air, chemical agents, electricity and 
^Ivanism, ;t74; affinities with other animals, geographical distribution, .‘{75 ; classi- 
fication, 37(>. Subgroups of Ciliated Protozoa : Ichthi/dina^ 380 ; Noctilimda, 382 ; 
Dysteriaj liS7. 

Rotatoria or Rotipeka : general cliaracters, 392 ; appendages, 397 ; the muscular system, 
4(X5; movements, 409 ; the digestive system, 410; reception of food, its deglutition, 
420; the secreting system, 422; the vascular and respiratory systems, 420; the 
nervous system, organs of sehse, psychical endowments, 434; reproductive organs, 
4*11; formation of ova, 442; development of embryo, 445; the embryo-motamor- 
phosis, 447; winter ova, 4.50; male i^tatoria, 453; duration and conditions of life, 
habitats and distribution, 40.3 ; affinities and classification, 468 ; Elironberg’s classifi- 
cation, 478 ; Dujardin and Lcydig's classifications, 480. 

TardigrAda : their structure, habitats, and aflinitics, 482. 


PART. II.— A Systematic History op Tnpusoria, with Descriptions op the 
Families, G-enera, and Species. 

Group Piiytozoa. Families : Monadina, 485 ; Hydromorina, 503 ; Cryptomonadina, .505 ; 
Volvocina, 514 ; Vibrionia, .529 ; Astasiiea or Euglenaca, 538 ; Dinobryina, 547. 

Group Protozoa — Subgroup Hhisopoda^ 547 : AmoebaDa, 548 ; Arcellina, 551 ; Actino- 
phryina, .558; Acinefina, ,504. — Subgroup CUiata, 508. Astmia: Opalinoca, 509; 
iCvclidina, ,571 ; Peridinicca, 574. Sfomatoda : Vorticcllina, .579 ; Ophrydina, Vaginif(?ra, 
598; Enchclia, 005 ; Colcpina, 010: Trachclina, 010; Ophryocercina, 0,‘{(.); Aspidis- 
cina, 031 ; Kolpodca or Colpodea, 031 ; Oxylrichina, 039; Euplotina, 045. 

Group Rotatoria. Families : Ichthydina, 000 ; Gi^cistina, 00,3 ; Megalotrochnoa, 0(i4 ; 
Floscularia, 005 ; llydatinsDa, 077 ; Albertina, 6f)3 ; Euclilanidota, 693 ; Philodinoca, 
700; Brocliionu'a, 700. 

Group Taudigrada, 71*3. 

Group Bacillauia: Dcsmidiaccjc, 71.5; Diatomaccoc, 750. 

Index to the Illustrations of the Diatomoceos, 941. 

Description of the Plates, 949. 

Index to the Families and Genera, 905. 
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OF 
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Abliandlungcn der nevlinci* Academic dcr Wi8senf«chaftcn. 

Abliaiidliingen der Seiickeiibcrgisclu‘ii Gcscllscbaft in Frankfurt am Main. 

Ag CD. or AD. Agardli’a Conspectus Diatomoriim. 

ANII. Annals and Ifagazine of Natural History. 

Anat. d. wirbollos. 'riiicrc, Sicbold, 0. Th. von. Tiebrbiicli dor vovglcichenden 
Anatomic der wirbellosoii Tbiere. Dcrlin, 1848. 

Ar. or Aril. Protb.ssor G. Walker- Ariiott, liL.D. 

ASA. or AA. Agardli’s S^’stema Algariim. 

ASN. or Ann. d. SN. Annal(?s dcs Sciences Naturellcs, Paris. 

D. or Dai, Professor Dailey of New York. 

DA J. Professor Dailey, in Aimnncan Journal of Science. 

DC. or DSC. Professor Dailey’s Contributions to Knowledge, Smithsonian Insti- 
tution. 

D^rO. Professor Dailey’s Microscopic Organisms 
Doston Journal of Natural History. 1853. 

Draun, A., I’rof. Algaruin Unicellular uni Genera nova aut minus cognita. 1855. 
Dreb. M. de Drebisson of Falaise. 

DD. M. de Drebissoii’s Diatomaceae of (3ierbourg. 

Dri. T. Driglitwell, J^sq., Norwich. 

Drit. Assoc. Transactions of the Dritisli Association for the Advancement of 
Soi(;nce. 

Dritisli Dcsniidieai. Dy John Ralfs. 1848. 

Drit. and Foreign Med. Rev. Dritish and Foriugii Medico-Chirurgical Review. 
Dulletin de L’Academie de St. Petersboiirg, xiii. 1855. 

Carpenter, Dr. W. D. The Microscope. , 

Cams. Iconcs Zootomica). 1.858. 

Cohn, R. S. Professor Cohn on the Structure of Protococcins pbn iuHs. Ray 
Society, 1853. London. 

Comptes llendiis de TiVeademie Iinpenale des Sciences. 

D’6i 1) igny, Alcid(», Foraminiferes loasilcs, 1846. 

Duj. or Du. Dujardin, F., Ilistoire Naturelle des Zoophytes. — Infusoires. Paris, 
1841 . 

E. , Eh., or Ehr, Professor Ehreiiberg, Derlin. • 

EA. Professor Ehrenberg’s Mikroscopischen Lebeiis in Ainerika. 

Ediii. New Phil. Jouni. Edinburgh New l^hilosophical Journal. 

Einzell. Alg. Niigeli, Prof., Gattiingen einzelliger Algen. Zurich, 1849. 

El. or Inf. Professor Ehrenberg’s Dio Infusionsthierchen. 

EK. lirofessor Ehrenberg’s Kreidethiercheii. 

EM. Professor Ehrenberg’s Mikrogeologie. 

ERDA. or ED. or ER. Professor Ehreiiberg in Reports of Derlin Academy. 
Elirenberg, Prof. Passatstaub und Dlutregeu. 
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LIST OF ABBREVIATIONS, ETC. 
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Entw. Colin, Prof. F. Entwicltclunffs-geschichte der mikroskopischen Algcn imd 
Pilze. Ig54. 

Fauna Infusoria, Norfolk. T. Brightwell, Norwich. 

Gr. Dr. R.K.^Ircvillo. 

GBF. Dr. Jl. K. Groville’s British Flora. 

GCF. Dr. 11. K. Grevillo’s British Cryptogamic Flora. 

Greg. Dr. Gregory of Edinburgh. 

GDC or GC. Dr. Gregory’s Diatomaceoe of the Clyde. 

HBA. Jlassall’s Britisli Algae. 

Jones, T. llymor, Prof. A General Outline of the Animal Kingdom. London, 
1841. 

K. or Kiitz. Professor Kiitzing. 

KA. or KSA. Professor Kiitzing’s Species Algainm. 

KB. Professor JCiitzing’s Bacillarien. 

Kiitzing. Phycologia Germanica. 1846. 

KL. Die klemsten Lebensfornien. ^ 

KSl). I’rofessor Kiitzing’s Synopsis Diatomeorum. 

Linnaea, xiv. 1840. 

Lj ngb. Professor Ijyugbyo’a Tentamen Ilydrophytologire Danicse. 

]\lcdical Times. Loiklon, 1860. Professor Huxley’s Lectures. 
iSfe. or Men. Professor Mencghini. 

Meneghini, R. S. Professor Meneghini on the Animal N.ature of Diatomese. Hay 
Society. London, 1853. 

JMdm. de I’Acad. Roy. Belgique. Mi^moiros do I’Acaddmie Royale de Belgique. 
Micrographic Dictionary, The. By Dr. Griflith and Prof. Ileucrey. 

Microscopic Illustrations. By C. It. Goring, M.D., and Andrew Pritchard. 
Mittheilungen dor Natuiforschenden Ges(dlsehafteu in Bern. 1849. 

MJ. or JMS. Journal of Microscopical Science. 

Monatsb. Berlin. Acad. Monatsbcriclit der Berliner Academie. 

MT. or TM. or TMS. Transactions of Micro.scopical Society. 

Muller’s Archiv. Archiv fiir Aiiatomie iind Physiologic. Von Dr. J. Muller. 
Muller, 0. F. Pi*of. Animalcula Infusoria. 

Na. or Ntig. Professor Niigeli. 

Nat. Hist. Review. Natural History Review, Dublin. 

Nov. Act. Acad. Curios. Nova Acta Academhe Naturjie Curio.sorum. 

Owen, Richard. Lectures on the Inverhibrate Animals. London, 1843. 

Owen, Richard. On Parthenogenesis. London, 1849. 

Ph. Professor John Phillips, F.R.S. 

Phil. Trans. Philosophical Tramsaclions of the Royal Society of London. 

Perty, ISIax., Dr. Ziir Keiintniss klein.stcr Lebensfornien. 1852. 

Proceedings of the American Association for the Advancement of Science. 
Proceedings of the Boston Society of Natural History. 

Proc. Ro}". Soc. Proceedings of the Royal Society of London. 

Proc. Roy. Soc. Edin. Proceedings of the Royal Society of Edinburgh. 
Proceedings of th(} Acadeniv of Natural Sciences of Philadelphia. 1863. 

Rab D. or RD. Dr. Rabenliorst, Difc Siisswasser Diatoinacecn. 

Ra. or R. Mr. Ralfs. 

R.S. Ray Society’s publications. 

R. S. Reports. Ray Society R(^ports. 

Rejiiv. R.S. Braun, A., Profcs.sor, On the Phenomena of Rejuvenescence in 
Nature. Ray Society. London, 1853. 

Ro. F. C. S. Roper, Esq. 

Schlcidcn, J. M., Ih’of.- iMnciples of Scientific Botany; translated by Dr. Lan- 
kester. 1859. • 

Schultze, Dr. Max S. TTeber den Organismus der Polythnlamien. Leipzig, 1864. 
Schneider, Ant. Symbolje od Infusoriorum Histonam Naturalem Dissertatio In- 
augurnlis. Beilin, 1864. 

Sh. or Shadb. G. Sliadbolt, Esq. 

Sill. J oum. Silliman’s American Journal of Science and Arts. * 

S. or Sm. Professor Smith. 

SBp. or SD. Professor Smith’s S^mopsis of British Diatomaceso. 

Stein, F., Prof. Die Infusionsthicre, auf ihre Entwickelungsgeschichte. 
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« 

Transactions of tlie Philosophical Society of Manchester. 

Transactions of the Medical and Physical Society of Bombay. % 
Untersuchimgen iiber die Familien der Conjugaten. By Professor de Bory. 

Van der Iloeyen. Lehrbucli der Zootoniie. 1850 & 1856. ’ . 

Wagner. Zootomie. 

Wiegmann’s Archiv. Archiv fiir Naturgcschichte. Von A. F. A. Wiegmann. 
Williamson, Prof. On the Recent Foraminifora of Great Britain. Ray Society. 
London, 1857. 

Zeitschr., or Siebold’s Zeitschr. Zeitschrift fur wissenschaftlicho Zoologie. Von 
Carl T. von Siebold und Albert Kolliker. 1848-69. 

Note. — The names of Ehrenberg, Dujardin, Perty, and Siebold are frequently 
mentioned without particular notice of the work quoted; but the treatises intended 
are those in which each of those several authors has given a general history of 
Infusoria, and wliicli are named in the above list. So, in the account of the 
Rhizopoda, Schiiltzo is often quoted, his special work on their organization being 
referred to ; and lastly, in the History of the Rotatoria, the opinions of Loydig are 
all derived from his essays in Siebold’s ‘ Zeitschrift.’ 

For abbreviations employed in Systematic History of Desmidiaceso, sec p. 721. 

Note. — Tho references to the engravings in this work are printed thus; 
(XII. 20.) for Plate XII. tig. 20. 


ERRATA, ETC. 

Pago 10, lino 8 from bottom, dele See Appendix at end. 

— 218, line 7 from top, for Foraminiflera read Foraminifera, 

— 245, lino 7 from bottom, for pouliarity read peculiarity. 

— 253, lino .5 from to)), for Actinophrgs read Aetinophrya. 

— 2.59, lino 4 from bottom, for XVIIl. read XXIII. 

— 310, line 0 from bottom, for Lcuckhart read Lcuckart. 

— 324, line 14 from bottom, for Wagener read Wagner. 

— 470, line 7 from top, for 1855 read 1858. 

— 535, line 5 from bottom, after figured, insert subsequently. 

— 720, col. 2, line 20 from bottom, insert segment 3-lobcd, before lateral lobes. 

— 720, col. 2, line 11 from bottom, for side read sides. 

— 729, col. 2, lino 25 from bottom, dele comma after surface, and insert after middle. 

— 732, col. 2, line 22 from bottom, for finely read finally. 

— 735, insert “ C. aciculare (West). — Elongated, very slender, straight, except at extre- 

mities.” 

— 741, col. 2, transpose reference to figure from S. glohulcdum to S. bacillarc. 

— 744, col. 2, lino 34, ior paradoxmn read tetracerum, 

— 753, line 18 from top, far Fediastrium read Pediastrum. 

— 758, lino 5 from bottom, dele Synedre®. {See p. 940.) 

— 760, col. 1, line 28, after capitate, insert striae. 

— 761, col. 1, lino 4 from bottom, /or 159 read 156, and insert xi. 1-8. 

— 704, for E. Terra read E. Serra. 

— 765, col. 2, line 2 from bottom, for Argus read Arcus. 

— 768, after Genus Oncosphenia, insert Genus Podosphenia from p. 769. 

— 771, col. 1, hno 14, for broadly read loosely. 

— 772, col. 2, lino 5 from bottom, for pear-like read pearl-like. 

— 773^1. 1, lino 10 from bottom, lu. read xiii. 

— 774, col. 1, lino 5, viaert (iv. 32.) 

— 775, transpose Odontidium mesodon to end O. hyomale as syn 

— 776, for ” O. pinnaJtvM ” read pinnuhxtum. 
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Page 777, end of F. virescem^ insert (ix. 176.) 

— 778, line after Balfs, insert . — 

— 779, before Genus Nitzschia, insert Fam. characters of Surirclle8& from p. 783 : and see 

Notct p.^40. 

— 781, col. 1, lino 2 from bottom, /or 20 read 21. 

— 783, col. 1, line 12, for 22 read 23. 

— 784, col. 1, line 5 from bottom, for 2, 3 ; read 24. 

— 784, col. 2, line 22 from bottom, for 19 read 20. 

— 786, S. pulchella, insert (iv. 28.) 

— 789, S. lulgens, insert (xm. 20.) 

— 791, col. 1, line 2, for xviri. read viii. 

— 796, S. striatula, insert (ix. 137, 138.) 

— 798, col. 1. line 24, for dividiiate read dimidiate. 

— 799, col. 1, line 21 from bottom, for ma^ificcnt read marginal. 

- 802, col. 2, line 14, for xv. read xir. ; line 29, for xv. read xii. ; last figure, for 56 

read 50. 

- 806, Gomphograinma rupestre, insert (iv. 40.) 

— - 806, Tetracyclus lacustris, insert (viir. 10.) 

— 809, Gepliyria incurvata, insert (v. 50.) 

" - 8011, Gepliyria media, insert (v. 49.) 

— 809, Eupleiu*ia pulchella, insert (viii. 2.) 

— 812, for C. undulata read C. undata. 

— - 821, col. 2, line 6, after ochracea^ insert (Ralfs) from next line ; and after ferriiginea 

insert (Elir.). 

— 836, col. 2, line 8 from bottom, for x. read xr. 

— 844, A. Kittoni, insert (vrir. 24.) 

— 851, col. 1, line 17 from bottom, for nervosa read enervis. ’ 

— 863, Dicladia Cupreolus, insert (vi. 28.) 

— 875, Cymbella Arcus, insert (vii. 78.) 

— 891, col. 1, lino 2 from lioftom, for xii. read xi. 

— 893, for “N. dissimilis (Rab.)” read “N. clepsydra (Ralfs).’' 

- ■ - 903, for “ N. producta ” read “ N. extensa** 

— 911, S. Fulmen (Breb.), read “ S. F^ilmen (Bri.),” and insert that species after S. con- 

strivta. 

— - 923, col. 1 , last line, for (vrir. 43.) read (viii. 48.) 

— 929, col. 1 , top line, for octocarpoides read ectocarpoides. 

— 938, col. 1, line 9, for “ 0. radiata'^ read “C. stylorurn.^^ 

— 941, Actinoptyclius Jupiter, now Actinocycliis Khrcnbergii. 

— 952, in description of Plate VII., insert “ 78. Cymbella Arcus, to right of fig. 42. 

79. Amphora monilifcra, to right of fig. 49.” \ Notc. The engraver has omitted 

the uumhers to these two figures in that Plate.] 
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PART 1. 


A GENERAL HISTORY OF INFUSORIA, 


Sect. I.— OP THE BACILLARIA. 

Under this designation, contrived by Ehrcnberg, two families of microscopic 
imiccUiilar Algae arc comprobondcd, viz. the Desmidie^e and the DiATOMEiE. 

The Diatomem differ from the Desmidieae chiefly by their dense sibcioiis 
envelope, composed of two opposite portions or valves and of an interposed 
segment, and by the general absence of the usual green colouring matter of 
plants — chlorophyll or chromule. The Desmidieae, on the contrary, have a 
non-silicious envelope, separable into two segments, and filled with bright 
grass-green chromule. In various vital phenomena the two tribes accord ; 
but whilst the Desmidieae are all but universally admitted to be plants, the 
Diatomeae are still regarded by many to be of an animal nature. With respect 
to this question, the arguments pro and con. wiU be best understood when 
the organization and vital endowments of these beings have been discussed. 

I.— OF THE FAMILY DESMIDIE^ OH DESMIDIACE^. 

(Plates I. II. III. and XVI.) 

The Desmidieae are (pseudo- )unicelliilar Algae of a herbaceous green colour, 
of freshwater habit, and have a membranous lorica composed of two symme- 
trical segments or valves. In Kiitzing's arrangement {Sp .Alg.\ the Desmidiem 
constitute a family of the Chamaephyccae, a suborder of the class Isocarpeae. 
Ehrcnberg treated the genus Closterium as a distinct family, which he placed 
between the Yibrionia and Astasiaea, with the name Closterina. 

That the Desmidieae are actually unicellular (in the sense of forming a 
single enclosed cavity), Mr. Kalfs has, in his most valuable monograph on the 
fai^y (1848), taken much pains to demonstrate. Owing to the very deep 
constriction , of the fronds of many genera, e,g. of EuaMrum and Micrasterias, 
the appearance of the little organism is that of two cells united by a narrow 
band (I. 1, 2, 24, 26, 27 ; II. 18, 28), forming, in Ehrenbei^’s opinion, a 
binary cell or frustule. However, between such deeply partite forms, and 
others in which no constriction is perceptible, for instance in Closterium^ 
every intermediate gradation is met with. Other evidence of the unicellular 
structure is afforded by the phenomena of conjugation and of the formation 
of sporangia, by the newly-formed segments resulting from self-fission being 
interposed between the old valves, and by the fact that the entire contents 
will escape through an opening made in either valve. Moreover, in several 
genera the circulation of portions of the contents throughout the frond, from 
one segment to the other, clearly demonstrates the continuity of their interior. 

Fioxtre. — ^There is great variety in the figure of DesmidiesB, and much 
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beauty. This will bo best illustrated by reference to the Plates I. and II. ; for 
description lalone would fail to convey even a tolerably accurate conception. 
In Micrasterias (I. 18, 20, 21) the frustule has a general circular outline, but 
is bipartite dhd variously cut. In Eiiastrvm (I. 23, 24, 20 ; II. 10) it is 
bipartite, and each valve deeply sinuated. In many species of Cosmarium 
(1. 1, 2 ; II, 33) the constriction is much shallower, the valves hemispherical, 
and their margin entire. In StaurastrxAm (I. 31—34 ; II. 3, 7) each segment 
is more or less irregularly produced at the extremities into hora-like pro- 
cesses. In Peniumy Docidium, and Closterhim (II, 1 , 2, 9, 14) the frond is 
elongated and wand-like, without constriction, or with only a very faint one, 
and in many species is, moreover, curved or crescentic. Not a few genera 
present numerous fronds united together ; the outline of the compound being 
will consequently vaiy, both according to the figure of each individual frond, 
and especially to the mode in which the several fronds are united. Thus in 
HyalothecGy Desmidiumy . and other genera (II. 35, 37, 39), the quadrate 
fronds arc united side by side in single series, so os to form a chain or 
filament, in otjier words arc concatenated. 

The lateral view or cross-section of the fronds furnishes valuable characters, 
and is largely made use of by Mr. Ealfs with that object, especially to distin- 
guish between the several filamentary species. His figures show that the 
fronds may be more or less compressed, and consc(iucntly ofler on a transverse 
section (end view) an oval and more or less acuminate form (1. 25 ; II. 23, 
29), farther modified by the elevations and depressions which the surfaces 
possess (I. 25 ; II. 23). In other cases the section is circular, e, g, in Hya- 
lotheca and Didymoprhim (II. 32, 38), whilst in others, again, three or four 
sides exist which are commonly concave, as in Desmklium (II. 40). 

The end view exhibits the arrangement of tlie mass of chlorophyll, which 
in some instances would appear to bo peculiar and determinate of species. 

Tho appearance of the Desmidiem is much modified by the sinuosities, 
eminences, depressions, and processes, as well of tho surface as of the margin 
of the fronds, and also by the depth and width of the central constriction. 
The surface may be dotted over irregularly, or more often regularly : the dots 
themselves are in most cases elevated points, and in fewer instances depressions. 
An irregular distribution of minute dots produces a granular-looking surface 
(I. 24 ; II. 23, 30). ‘Where the spots arc larger their elevated character 
becomes evident on the margin, to which they give a finely-toothed or dentate 
appearance, e, g, in Cosmmnum (I. 1, 2, 3). In some elongated forms, such 
as Tetmemorus and Pe7imm (II. 15), the puncta are disposed in lines parallel 
to tho length : in Docidiuniy however, the disposition, so far as regular, is 
transverse. In several examples the surface is marked by elevated lines or 
by furrows (II. 6). Such marlfings seem peculiar to the elongated genera, 
particularly to Closterixim, 

Many apparent lines are resolvable by higher magnifying powers into rows 
of puncta. Where the lines are fine, they arc said to produce a striation of 
the surface, as in Glostemum attenuatum and C. aceromm ; where they are 
more distinct they arc termed costsc, and the surface they cover is costate or 
ribbed, as in Closterium costatum and (7. dngustaium^ In general, in order 
to discover the striation* of the surface, the fronds must bo viewed when 
empty ; sometimes indeed the linos can bo made out at the extremities which 
are unoccupied by chlorophyll. 

The strisc and cost® of Chsterium and Penium referred to are disposed 
longitudinally, but frequently they are intersected at one or more peints by a 
transverse line. In these spindle-shaped genera, where no constriction is 
found, one such transverse line, usually central, is constant, and indicates 
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the point of separation into two valves (II. 1, 2, 9). Each valve again is 
occasionally subdivided by another Hne (II. 6, 15). These lipes may bo 
single or double, and in the case of the middle suture their number may be 
more multiplied, as in Closterium lineatum and O. Ralfsii.^ The median 
sutural line is evident in other genera, e, g, in Hyahtheca^ Cosmartuniy and 
Euastrum (II. 35). In several it takes on a further development, and 
becomes an elevated ridge or band, appearing, in a front view, as a double 
line, terminating on each margin in a dentation. Instances occur in Docidium 
and in Didymoprium (II. 9, 39). Such double lines are also sometimes met 
with on each side the median suture, and at others, among the concatenate 
forms, at the junction-surfaces of connected fronds. 

That the dots or puncta on the surface of the frustules are commonly small 
elevations has already been stated; a further development of such into 
papillsc or minute spines crowned by a globular apex is seen in Micrasterias 
papillifera ; whilst in many Cosmaria and Staurastra, the edge or the entire 
surface is bedecked by fine hair-like spines or by obtuse ones, looking on the 
margin like crenations (I. 1, 2, 3). When short and stout, many elevated 
processes of the surface are called tubercles (II. 16, 17) ; when long and 
tapering, they constitute spines, and in this form may be cither straight or 
curved ; such are especially produced from the angles of the fronds, as in 
Arthrodesmvs (II. 18, 28). Among the Staurastra, illustrations of forked 
spines (II. 3, 7) ara found ; whilst among sporangia of many species, spinous 
processes, besides tubercles and other appendages, arc highly developed (II. 
22, 25, 34) and attain their most complex conditions. 

The modification of surface in several genera seems duo, not to mere simple 
appendages, but to positive expansions of the limiting membrane itself into 
thick processes, which in their turn usually end in spines ; instances occur 
in Xanthidmm and Staurasttnim (I. 27, 28 ; II. 3, 7, 20, 25). Generally 
these largo productions from the surface occupy constant and definite positions, 
such as the extremities, the rounded angles of the fronds, or a margin, and 
are rarely indifferently placed. A general distribution over the surface is 
rather cKaracteristic of Xanthidium (I. 27, 28). In Euastrum the surface is 
thrown into veiy broad round swellings, hence called inflations ; such may be 
presumed to bo constant in number and position (I. 24, II, 30, the empty 
divided fronds). 

The margin of the more flattened, and the extremities of the elongated, spe- 
cies furnish important specific and generic characters. Micrastemas has its 
margin deeply incised into lobes (1.18, 20, 21, 22), which, with reference to the 
Centro of the frond, have a radiating arrangement, and are themselves incised 
or inciso-dentate. The frondls of Euastrum |iro more or less deeply sinuated 
(I. 23, 24, 26 ; II. 10), and the intermediate lobes produced vary both in 
dimensions and outline. Where the lobes on the margin of fronds are small 
and little prominent, they constitute crenations and dentations which may 
occur singly or in pairs ; in the latter case, the margin so modified is said to 
bo bidentato or bicrenato (I. 1, 2, 3; II. 31, 26, 37). For example, some 
fronds of Etmstrum hiuatum are bicrenate on the sides, and those of Didy^ 
moprium at the angles of the filaments (II. 39), ^yhilst bidentate frustules 
arc seen in Desmidium (II. 37), and in Hyalotheca mv^osa. It has been 
before remaiked that when the surface is covered by tubercular eminences 
or conical granules, a dentate outline is produced ; instances of this occur in 
Eamirum verrucosum and in several Cosmaria, Another variety of margin 
exists, kaown by the term undulated or wavy, where its elevations and de- 
pressions are comparatively shallow. Lastly, the general concavity or the 
convexity of tho margin furnishes other specific characteristics. 

B 2 
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Among the variations in the ends of the fusiform or elongated genera may 
be noticed lithe notched or emarginate apices of Tetmemorm (II, 12); the 
truncate extfcmitics of Doddium (II. 9, 10), sometimes also, as in D. 
Ehrenhergiiy tuberculate; and the more or less acutely conical apices of 
Olosterium, prolonged in some species, as in C. attenuatum, by an abrupt 
contraction of the frond into a conical process — ^in others, as in C. setaceuva 
and G, rostratum, by the gradual tapering of the whole frond — ^into long 
rostrate or setaceous beaks. 

Colour. — This is due to the endochrome or internal substance, which is 
usually of a herbaceous green colour, and often difhised pretty uniformly 
throughout the fronds, sometimes however leaving intervals at which the 
enclosing membrane (lorica, Ekr,) becomes visible. This lorica is itself 
mostly colourless ; yet in several species of CJosterium and Penium it has a 
reddish-brown tint (II. 5, 6, 15). The green colouring matter of the interior 
is identical witli that of plants, i. e, it is chlorophyll or chromule, and con- 
sequently undergoes a change of colour in autumn, becoming, like the leaves 
of plants at that season, a reddish-brown. When this change occurs, it is 
equally indicative of the termination of life. 

Consistence. — Envelopes. — The limiting membrane of Desmidiacem is 
firm, though flexible ; it exhibits some elasticity and considerable resistance 
to pressure, is not brittle, and not readily decomposable. Traces of silica are 
found in a few species, but not, says Mr. Ealfs, ‘‘ in suflicient quantity to 
interfere with their flexibility.” It is lined by a softer flexible membrane ; 
and besides this, the Dcsmidicae generally have an external mucovs or gela^ 
tinous covering, mostly so transparent and homogeneous as to be overlooked, 
to bring it into view, it is a common plan to add some colouring matter to 
the water in which the organism is viewed ; but good manipulation with a 
high power will frequently succeed without recourse to this expedient to 
demonstrate it. The particles of colour diffused about the frond, and indeed 
any external bodies, such as small vegetable cells, arc seen, not in contact 
with the fronds, as they would often be if these were naked, but kept at a 
distance corresponding with the width of the hyaline envelope (1. 15 ; II. 35). 
In Didymojprium Orevillii and Staurastrum tumidum the mucous sheath is 
distinct and well defined ; ‘‘ in others (to quote Mr. Ealfs) it is more atte- 
nuated . . . . , and, in general, its quantity is merely suflicient to hold the 
fronds together in a kind of filmy cloud which is dispersed by the slightest 
touch. When they are left exposed by the evaporation of the wkter, this 
mucus becomes denser, and is apparently secreted in larger quantities to 
protect them from the effects of drought.” 

The lining or the primordial ipembrane of the firm lorica is thin, colourless, 
and highly elastic, and alters its contour with the varying movements of the 
endochrome which it immediately invests. It is in contact with the outer 
case only at some points, mostly about the centre, and being elsewhere free, 
an interval exists between the two envelopes. This elastic lining is acted on 
by various chemical reagents ; for instance, it is contracted or corrugated by 
iodine and by acids. 

Openings in LoRiCA.-yOpenings have been represented by several writers 
in the firm envelopes of Desmidiem, and more particularly in those of Clos~ 
terium, Ehrenberg, for instance, stated that apertures existed at the extre- 
mities, through which soft, very short, and conical transparent papilla) 
slightly protruded to serve as locomotive organs. Both Mr. Varley and Mr. 
Dalrymple idso described terminal orifices, closed within, however, if a mem- 
branous envelope ; but neither they nor any other observers have detected 
the papilla-like locomotive organs Ehrenberg represented. In no instance 
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(Mr. Ralfs says) can any portion of the contents of the cell bo forced out fh>m 
the extremities.*’ More recently the belief in terminal apertures has been 
revived by the published researches of the Kev. Mr. Osborne ^and others 
(J. M. S,), who aflirm, that not only the outer hard case, but %lsq the mem- 
branous lining is penetrated by foramina, through which water enters from 
without into the cavity of the frond. Another writer in the Mic. Joum.f Dr. 
Wright, describes, in a specimen of Closterium didymoticumy certain circular 
markings, consisting of two concentric rings, as apertures penetrating both 
layers of the investing membrane at irregular intervals:” yet neither the 
character of these circular bodies, as represented by their observer, nor their 
irregular distribution, countenances such a notion, and the appeal he makes 
to Mr. Balfs’s figures, instead of aiding his argument, is totally subversive of 
it ; for although, in the fronds of Closterium didymoticum and of C, Ralfsiiy 
some large globules are distinguishable, those are in single linear scries in a 
definite and constant position, except w'hen disturbed from it by the death of 
the plant, or by its exhaustion by parasitic growths upon it, and clearly are 
not apertures. Besides, any such globules are sought in vain when the frond 
is empty, as Mr. Halts distinctly shows by his figures ; whereas if they were 
openings, they would then be more evident than when the frustule is fiUed 
with its endochrome. Mr. Wenham {J, M, S, 1856, p. 159) has been un- 
able to confirm the presence of apertures, and writes — “ It may be assumed 
that if such an opening existed it would have something like a structural 
margin of such a size as to allow its position at least to be visible under the 
microscope, but not the slightest break can bo observed in the laminated 
structure that the thickened ends display.” 

Movements and Extebnal Cilia. — By continued observation the Desmidieae 
are seen to move very slowly onwards, or with an oscillating movement 
backwards and forwards. This phenomenon is most notable in the long 
spindle-shaped fronds of the genus Chsterium ; in others it is scarcely, in 
many not at all, cognizable. Ehrenbcrg having persuaded himself of the 
existence of pedal organs or papillsc at the extremities of the fronds of Clos~ 
terium, found no difilculty in explaining their locomotion; but other observers, 
who deny the presence of such organs, have been compelled to seek some 
other explanation of the subject. Home have referred the locomotion to the 
influence of the vital acts taking place within the organism, to the extri- 
cation of gas, &c. ; others again, particularly of late, have attributed it to 
the presence of cilia covering the surface. This latter hypothesis is sup- 
ported chiefly by the Rev. Mr. Osborne and Mr. Jabcz Hogg, who represent 
these organs as covering the fronds of Closteriurriy of Staurastruniy and of 
other Desmidiese (see page 7, on the Circulation). Mr. Wenham has 
sought cilia in vain, and attributes the supposition of their existence to an 
optical illusion. Powerful oblique sunlight, which is found necessary to 
display the apparent ciliary movement, tliis observer remarks, “ causes a 
refractive atom to appear elongated as a ray or lino . . . . , and this line also 
to appear to extend over the boundary of a cell- wall or other adjoining body; 
another cause of deception arises from a largo angle of aperture.” The pos- 
sibility of such errors ho illustrates by reference to tho circulation as seen 
in Anacharis, In those fronds invested with a mdeous sheath, ciHa on the 
surface of the lorica could perform no locomotive function, and therefore can 
scarcely be supposed present. likewise in tho concatenated spedes they 
cannot bo looked for, since any movements they possess are of that general 
sort scan in other filiform Algae, springing from vital action under the 
influence of light. 

Apart from this inconsiderable movement, seen under the microscope, the 
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Desmidiese are known to move through considerable spaces. They travel 
towards the light ; appear on the side of the vessel on which the light falls, 
or rise to the surface and form a pellicle upon it. These, and the analogous 
fact of their •penetrating to the surface of mud in which they have been 
imbedded, when exposed to light, are phenomena common to the Desmidieae 
with other Alga?. “Another proof (writes Mr. Ralfs) of their power of 
locomotion is affo^ed by their retiring in some instances beneath the surface 
when the pools dry up,” a phenomenon witnessed also in the case of other 
plants. Braun (It. S. p. 203) casually refers to this kind of motion, dependent 
on the resumption of vital action. The Penium curium {Cosmarium curium, 
Ealfs), which grows “ in rain-pools which are alternately quickly filled and 
dried iip in the changes of the weather, ascends from the muddy bottom, 
when the pools fill, in the form of beautiful bright green clouds, produced 
by the social growth and the very fluid, viddcly-extendcd gelatinous invest- 
ment of the cells.” The movement of tliis plant, it is added, is more active 
and more regular than that of other Desmidica), and “it is a remarkable 
sight to behold all the individuals in a dish of water in a short time turn 
their long axes towards the light, and thus arrange themselves in beautiful 
streaks in the gelatinous mass. Obsoiwation likewise shows that it is the 
younger half of the cell, distinguishable as such for a long time after division, 
which here turns towards the light.” 

Contents of Fronds. — The contents of the fronds or fniptules of Desmidieae 
are designated generally by the name of Etidochrome. This endochrome, w’-e 
have already remarked, is of a grass-green colour, and contained in a proper 
sac hning the denser lorica. It is not homogeneous, but presents numerous 
globules, small vesicles, and many refracting corpuscles ; it is commonly 
not uniformly diffused, but collected in a definite manner, and it either com- 
pletely fills its sac or leaves it unoccupied at parts, wdiich not seldom are 
constiint in position and aspect. The appearance of the endochrome is 
modified by ago, by external physical circumstances, and by the process of 
development. Nageli and Braun describe it as constituting two layers 
within the primordial utricle, viz. an outer and an inner mucilaginous layer, 
the latter the thicker of the two. 

Ehrenbeig, influenced by his belief of the animal nature of the Desmidiaccm, 
and by his peculiar hypothesis of their polygastric organization, represented 
the larger vesicles or globules to be digestive sacs or stomachs, and the 
smaller green corpuscles, ova. He even exerted his imagination still further, 
by announcing that in Micrasterias, AriJirodesmus, and one or two other 
genera, male reproductive structures arc visible. These suppositions it is 
not necessary to discuss, seeing that they are unsupported by any facts in 
the structure and (Economy of this family. 

The globidcs and corpuscles of the endochrome of Desmidicie seem to 
differ in no respect from those in other Algae, consisting of chlorophyll, 
starch, and of oily materials floating in a watery medium. In most species 
of Closterium and of Tetmemorus, some largo diaphanous vesicles are con- 
spicuous, either disposed irregularly, or more frequently in a single longi- 
tiidinal series (II. 1, 12, 13). These have the appearance of being distinct 
cells ; and Mrs. Thomas has indeed described two such, of large size, in 
Cosmarium margaritiferum, as “ vesicles filled with moving granules.” No 
doubt many of the apparent vesicl<)s are nothing more than vacuoles which, 
os in other protoplasmic substances, tend to arise in the cell-contents, an(l 
may assume a fixity in size and in position. ^ 

The several species of Closterium and of Docidiuni, and some of Penium, 
present also, at each extremity of the endochrome (II. 2, 9, 14), “ a large 



OF THE DESMIDIE^. 


4 


hyaline or straw-coloured globule which contains minute granules in con- 
stant motion.” It is scon even in the earliest stage of the frustules, but 
disappears in dried specimens. * 

In addition to these structures, distinguishable in certain^ genera only, 
^iigeli and others state that a central nucleus exists in all the Desmidiem, 
mostly containing within itself a nudeolus. In ClosteHum (Braun writes) 
the nucleus with its colourless mucilaginous envelope is maintained in the 
centre of the spindle-shaped cell by the green lamellae of contents, arranged 
radiantly around the long axis of the cell, which lamcUae are interrupted by 
it in the middle of the cell. In many cases it seemed to bo surrounded as 
by a band, or by a cavity containing water.” 

Niigcli aflSrms that ‘‘ Arthrodesmus possesses a small colourless corpuscle on 
the wall of the cell, which looks like a nucleolus. Euastvum also exhibits 
frequently among the green contents two obscure bodies resembling nuclei, 
always one in each half, when the division through the middle takes place. 
These are not attached to the cell-membrane, but lie free in the midst of the 
cavity : they appear to possess a dark centre (nucleolus) and a clear peri- 
phery (enveloping layer ?) . . . . In Closfterium a nucleus lies in the centre 
which possesses a thick whitish nucleolus within a clear enveloping layer. 
It is coloured brown by iodine, and wholly resembles the nucleus in 
rog)jraP Probably the vesicles mentioned and figured by Mrs. Thomas are 
really nuclei (I. 2, 5). 

There is something special in the disposition of the endochromc in very 
many of the Dcsmidicac. On a front view of Desmidium, the cndochrome is 
divided into linear portions by a pale triinsverse line between the angles ; 
and on a transverse view it is seen to send out as many thick rays as the 
ceU has angles. Again, in Cosmarium Ralfsii the endochrome is somewhat 
radiate ; but it is in the elongated genera, in Fenium and Closterium, that 
its disposition is most characteristic. In both these genera the green matter 
of the cndochrome seems condensed, so as to produce broad longitudinal bands 
(II. 2, 14), technically called JilletSy which have their continuity always 
interrupted at the meefian transverse suture, and in several examples of the 
genus Fenium by three cross bands. These fillets are more or less strongly 
mai'ked in different cases, and, it may bo, are constant in number in the same 
species. Mr. llalfs (p. 159) tells us that Meneghini considers them of too 
much importance to be omitted in the specific definition. They may occa- 
sionally be useful in discriminating nearly allied forms ; but as they are fre- 
quently indistinct, or from various causes not readily counted with certaiifty, 
he is unwilling to introduce them into the specific characters, except in the 
absence of more permanent marks of distinction. 

CiacuLATioN' OF CONTENTS.— A circulation* OF rotation of much of the liqiud 
contents may frequently be seen in the Desmidiese. The CUsteria afford the 
best subjects for witnessing this phenomenon, but carefiil focusing and other 
microscopical adjustments are always needed to display it. Even Mr. llalfs 
had failed to observe it until ho watched it in conjunction with Mr. Bower- 
bank, in Clostermni ImnuUt and in Fenium Digitus, 

Since Mr. Ralfs’s account was written, much more attention has been 
bestowed on this phenomenon ; and it has been •observed by every micro- 
scopist who has sought for it. llie Rev. Mr, Osborne has particularly studied 
it, and has come to the conclusion that it is duo to ciliary action. If 
(he writes, J. M, 8, ii. 235) I put a specimen on the stage, cover the stage 
so as tcMJXclude the light, use the parabolic illuminator with the direct light 
of the sun, in certain focal positions I see what appear to be cilia workmg 
evenly and continuously along the whole external margin of the plant. I 
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am inclinod to believe that this is not so, that this is some ocular deception, 
and that these cilia, so seen, are within the outer case. It may be that these 
cilia are on^the external surface of the membranous sac, as well as over the 
endochromo ; t^oro practised observers with higher powers may yet determine 
that. Of the existence of the cilia throughout the plant there can be no 
doubt, and no object I have over seen will bear comparison with this when 

beheld under sunlight It is seldom that I can trace a current up one 

margin, and round the point down the other ; these currents seem to me as 
the rule to pass from the point, when they roach it, down to the centre of 
the spot where the cilia are seen terminating the endochrome.” 

In a second part of this communication the writer adds : “I have scarcely 
failed in one attempt to see the circulation and ciliary motion in the Clos^ 
terium Lunula, I tried today heating a little water, by putting a small bottlo 
in a cup of warm water ; the effect seemed to retard the circulation, but to 
make the globules larger. I have traced it over the whole extent of the en- 
dochrome, but it is best seen at the convex side a short way from the edge. I 
am more than ever convinced the cyclosis is the waving of attached toi}gues 
of cilia. The specimens are capricious in the results they afford ; they show 
best Avhen the sun has been on the jar for a time. I have watched the move- 
ments of the globules in Vallisneria^ Nitella.^ &c., and they are to me altogether 
of a different nature to that in the Closterium, &c. To my eye there is no 
real analogy between this circulation and that in the above plants ; but there 
is much more with the branchial action in the mussel.’’ ' Mr. Jabcz Hogg’s 
supplementary notes to Mr. Osborne’s paper represent the whole frond as 
‘‘ brilliantly glittering with the moving and active cilia ; whilst in the 
cyclosis numerous zoospores Avoro most actively moving about by the same 
agency. When the sunlight falling on these little bodies warmed them into 
life and motion, the rapid undulations produced by the action of the cilia 
illuminated the whole frond with a scries of most charming and delicately- 
coloured prismatic fringes or Newton’s rings. The motion and distribution 
of the cilia must be seen by the aid of the direct sun-rays and parabola ; for 
although I tried every other mode of illumination, and with Mr. Urooke used 
Gillett’s condenser, yet neither of us noted satisfactorily their situation and 
distribution until we resorted to the parabola. At the same time the cir- 
culation may be most accurately observed to take place over the entire 
surface of the frond. The stream is best seen to be running up the external 
margin, just internal to a row of cilia, with another taking a contrary direc- 
tioA next to the serrated ciliary edge of the endochrome ; the whole being 
restricted to the space between the mass of endochrome and hyaline integument 
passing above and around the cyclo8is,.but not entering into it.” 

Another writer (J, M, 8, 1855, p. 84), Mr. Western, adduces an observa- 
tion which he believes to confirm the presence of cilia in Closterium, and 
even goes so far as to advance the notion that the circulation in the cells of 
Chara, and, by analogical reasoning, in those also of other water-plants, 
originates in ciliary movements. In Chara, as in Closterium, he tcUs us, he 
observed precisely the same appearances, the same rapid undulations, to- 
gether with the same brilliant coruscations.” Dr. Wright, whose contribu- 
tion in the same Journal (1855, p. 171) wo have previously quoted, admits 
the presence of cilia, and starts the extraordinary supposition that £ho circu- 
lation of the contents of Chsteriuni is carried on through canals or vessels, 
which he describes as marginal, and that it is independent “ of a frequent 
irregular movement of granules of endochrome more resembling imperfect 
cyclosis.” 

If our doctrines concerning the physiology of animal and vegetable cells bo 



OF THE BESMIDIEA. 


9 


at all correct, the statements above quoted respecting the ciliary origin of 
cyclosis, and njore particularly the hypothesis of a vascular pystem, are 
scarcely or hot in any way admissible. We are disposed to attribute the 
appearances so interpreted to misconception. Dr. Wright’s notion of canals 
or vessels is equally extravagant with that once advanced by Schultze, of the 
network of sap- vessels in and about the cells of plants, and requires no dis- 
cussion. The opinion of Mr. Osbomo that the currents in Closteria and other 
Desmidieoc are due to cilia, and are not analogous with tho in all respects 
similar currents in the cells of various aquatic plants, is simply an assump- 
tion, and one indeed in opposition both to what an unbiassed observation of 
the phenomenon in tho two sets of plants would suggest, and to what com- 
parative physiology would teach. Again, the analogy ho suggests between 
his supposed ciliary cyclosis and tho ciliary action of the branchi 80 of the 
mussel will be inconceivable to any one who understands tho structure of the 
branchial apparatus of MoUusca, the distribution of the cilia on the external 
surface of a mucous membrane, and their office there in providing for the 
active performance of the respiratory function. Analogy would, indeed, in- 
duce us to believe, that if cilia are the motory organs of tho cyclosis of 
Dcsmidicac, they are equally so of that in other unicellular Algae, as well os 
of that in the cells composing the tissue of compound forms. If so, we might 
adopt Mr. Western’s belief in the existence of cilia wherever a circulation of 
tho contents of cellfi is visible, did not our opinion of tho nature of cells and 
of the histological relations of their parts deter us from aceepting tho doc- 
trine at all of the presence of internal cilia within unicellular organisms. 

Then, again, we cannot see the necessity of a eiHary apparatus to soeuro tho 
fluctuating, oscillating or* irregular and mostly incomplete movements of tho 
corpuscles within the cells of Dcsmidicao. To us such movements are expli- 
cable by reference to the changes ensuing in tho nutritive processes of tho 
living organism, and to the currents caused by the ever-acting endosmose and 
exosmose. Moreover, it should bo borne in mind how exceedingly minute 
these molecular movements are ; ’ how very inconsiderable the space passed 
through is ; how sluggish, compared with those duo to undoubted ciliary ac- 
tivity, the movements themselves arc. But in addition to arguments deduciblo 
from analogy and general morphology, those put forward by Mr. Wenham, 
resting on i rcct observation and experiment, seem to us strongly adverse to 
Mr. Osborne’s hypothesis, and indicate it to bo a consequence of optical de- 
ception. At a preceding page (p. 5) wo have quoted Mr. Wenham’s remarks 
on the deceptive effects produced in viewing objects by oblique sunlight, or 
by any powerful source of illumination, and by tho use of a largo angle of 
aperture ; we will here add his comparative observation of the circulation of 
Anacharis, In viewing this, ho tolls us {op, mt. p. 159), with a largo aper- 
ture, the chlorophyll-granules traversing along a straight and thin septum (if 
the position is favourable) iippear to project into the neighbouring cell, seem- 
ing to pass directly under the line of tho cell-wall. Smaller particles will 
apparently travel within tho substance of the cell- wall; and in cjise of a 
boundary or single cell, or in unicellular plants, if the surrounding water has 
nearly dried up, the rim or prism remaining round the exterior (by the way, 
just tho conditions under which Mr. Western mad<5 his observation) causes 
irregular refracted images of the particles of protoplasm to appear outside tho 
cell, bearing such a remarkable similarity to external dlia, that the passing 
shadows may even be mistaken for currents in tho water.” 

Besid» the incomplete rotation or circulation of the contents just con- 
sidered, there is an active bustling sort of movement of minute granules 
within an apparent globular vesicle situated at each end of the elongated 
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fronds of some Desmidieos, e,g, of Doddium and of Closterium, The vesicles 
in question^ aro known as the “ terminal globules,” or chambers, and would 
appear to bo actually invested with a membrane, and thcrc£)ro' distinct en- 
closed sacs* in Closterium rostratum and C» setaceumf the collection of moving 
granules is at a distance from the extremities, and apparently not contained 
within a vesicle. In aU species exhibiting terminal globules these structures 
appear in their earliest stage, but disappear when they are dried. 

Ehrenbeig imagined the supposed retractile locomotive organs to be fixed 
to these globules, and that the granular movement within them was no other 
than that of the bases of these organs. Mr. Varley described the chambers 
os having contractile walls, and the molecules as transparent spheroids mea- 
suring from 1-20, 000th to l-40,000th of an inch, sometimes escaping from 
their chamber and circulating vaguely and irregularly between the iMjriphery 
of the gelatinous body and the shell. Mr. Ualfs regarded the terminal glo- 
bules to bo peculiar to the Closterina ; yet their contained granules seemed to 
him to differ in no respect, except in position and uninterrupted motion, 
from other granules in the same frond.” He once saw the motion continue 
after their escape from the cell. Mr. Osborne {op, cit, p. 235) believes the 
granules to be ciliary bodies. He writes : “At the extremities of the green 
matter there are certain bodies acting with a ciliary movement within what 
has been called a chamber, lying towards the point of the membranous sac ; 
certain bodies, apparently of the same kind, separate from the endochrome in 
a small moss, appearing at the extreme end of this so-called chamber, or at 
the side close to the end ; these also impart a ciliary movement to the water 
within the sac around them.” He adds (p. 239) : “ When the endochrome 
is of a rich dark green, I find the chamber at the extremity very plain and 
defined, with its cilia very active .... As the endochrome gets of a lighter 
colour. . . *the chamber becomes smaller and the cilia are barely seen.” At 
p. 236, Mr. Osborne further states, “ The loose bodies seen in the chamber of 
Chsterium Lunula have very generally cilia, and are, I believe, zoospores ; 
loose pieces of endochrome are sometimes brought round in the current, but 
these arc easily distinguished. I have never seen anything like true cyclosis, 
i, e. molecules in circular movement, within tlie so-called chamber.” 

Of the purpose of the moving granules within the terminal globules, the 
prevailing notion is that they are zoospores. Meyen likened them to the 
“ spermatic animalcules of plants and, os above noted, Mr. Kalfe saw them 
move about os do the zoospores of other Algm when freed from the enclosing 
capsule and frond. So far as we can gather from his remarks, Mr. Osborne 
also inclines to this opinion, which is likewise supported by Mi's. Thomas 
{T. M. S. 1853, p.37). 

Wo are sorry that we can present no more definite views concerning the 
nature, characters, and pui|)ose of the terminal globules than those comprised 
in the foregoing extracts. We find no similar globules in other Algsa, and 
therefore obtain no guide from analogy ; indeed such structures seem to bo 
peculiar to the elongated Dcsmidioac — ^to the genera Chsterium, Penium, and 
Docidium ; we must consequently look to subsequent research to elucidate the 
question. (See Appendix at end.) 

Another sort of intenfal movement, more prevalent among the Desmidiese 
than that last considered, is “ the swarming motion, so called, seen either at 
one^or two parts of the frond when mature, or otherwise throughout its con- 
tents. Having once commenced, it never ceases, but extends itself, and 
induces changes in the nature, appearance, and colour of the endechrome ; 
for this loses its grass-green colour, acquires the autumnal yellowish or 
reddish-brown tint, and a finely granular asjicct. When the granules burst 
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through tho openings of the suture between the valves, they escape to a 
distance and still keep up their active movement. ^ 

In the genus Cosmarium this phenomenon is frequently and readily ob- 
served. Mrs. Thomas, in her interesting observations on Cosfnarium mar- 
garitlferum (T. M. S, 1855, p. 33), has detailed the following aiipcaranccs ; — 

In each half (she writes) the centre was occupied by a vesicle (as it appeared) 
filled with moving granules, while smaller vesicles were at tho four sides 
(I. 2). The granules did not appear to circulate through the plant, but kept 
to their own place, wliich was cither a bag or cavity — I could not decide 
which.” In another example “ the granules wore swarming over tho whole 
plant.” 

These peculiar movements of the granules are not restricted to this tribe, 
, but are known to occur in many genera of Algm. Their purpose seems con- 
nected with the reproductive process. Mrs. Thomas (loc, cit.) refers to it as 
in some way related with tho formation of sporangia ; whilst Mr. Kalfs, who 
speaks of the swarming particles as “ zoospores,” confesses himself perfectly 
unacquainted with their subsequent history, although he coincides with Pro- 
fessor Harvey in regarding the phenomenon of SAvarming as a strictly vege- 
table i)ecnliaiity.” • 

IIepkodcction of DESMiDiEiE. — ^This function presents itself under two 
phases, the end of one of which is to multiply or pcrj^ctuate the individual 
plant, whilst that of the other is to reproduce the species. The former pur- 
pose is attained by the process of fission, the latter by that of the development 
of sporangia, and, it may be, by tho swarming of zoospores. 

The act of self-division is frequently obseiwed, and is in aU respects tho 
same process as in tho cells of other Algm, or indeed of any plant. Analogy, 
and not, indeed, direct obscivation, suggests as necessary the initiative action 
of a nucleus to precede the constriction of the soft lining sac of the lorica, 
i, e, of tho i)rimordial membrane, which is next followed by that of the harder 
external coat. The proceeding is varied, in some non-essential particulars, by 
the figure of the fronds, and also by the circumstance of it^ own completeness 
or incompleteness, Mr. Kalfs has well described the fission of Euastrwn (pp, 
cit, p. 4). The narrow connecting band between the two segments of the 
frond lengthens and is converted into two roundish hyaline lobules ;” these, 
though at first very minute, increase rapidly in size, and exhibit from their 
origin the deep constriction characteristic of the mature fronds. The advancing 
growth of the interposed now formations necessarily pushes further asunder tho 
original segments, which finally become disconnected, “ each taking with it a 
now segment to supply tho place of that from which it has separated. . . . At 
first the* new portions arc devoid of colour, and have much the appearance of 
condensed gelatine ; but as tlioy increase in ’size tho internal fluid acquires a 
green tint, which is at first very faint, but soon becomes darker ; at length 
it assumes a granular state. At the same time the new segments increase 
in size and obtain their normal figure ; the cowsring in some species shoAVS 
tho presence of puncta or granules, and, as in Xanthidium and Staurastrum, 
the spines and processes lastly make their apj)earance, beginning os more 
tubercles, and then lengthening until they attain their perfect form and size. 
Complete separation, however, often occurs before alf these details of develop- 
ment are complete (II. 11, 24, 26). This singular process is repeated again 
and again, so that the older segments are united successively, as it were, with 
many generations.” Illustrations of this act are furnished, in the case of two 
species Cosmarium, in tho appended plates (I. 4 ; II. 26), to which the 
above account will be found equally well to apply. 

‘^In SpJicerozosma the same changes take place (1. 11), and are just as 
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evident; but the colls continue linked together, and a filament is formed, which 
elongates i|iore and moro rapidly as the joints increase in number. This 
continued multiplication by division has its limits ; tho segments gradually 
enlarge whil^ they divide, and at length the plant ceases to grow; the division 
of the cells is no longer repeated ; the internal matter changes its appearance, 
increases in density and acquires starch-granules, which soon become nume- 
rous ; the reproductive granules are perfected, and the individual perishes. 
In a filament the two oldest segments are found at its opposite extremities ; 
for so long as tho joints divide, they are necessarily separated further and 
further from each other. Whilst this process is in progress, the filament in 
Sjphcerozosma consists of segments of all sizes (1. 11) ; but after it has reached 
maturity there is little inequality between them, except in some of tho last- 
formed segments, which arc permanently smaller. The case is the same with 
those genera in which the separation of the cells is complete .... It is obvious 
that the now portions must arise from the whole of the junction-margin of 
tho original valves ; consequently when the junction occupies only a part of 
tho breadth, the new portion will be narrower than tho old ; but when tho 
junction of the valves is as broad as the cell, the new portion wiU from the 
beginning be of tho same breadth,” and will remain lufdistinguishable by its 
size when fission is complete. 

Mr. Balfs goes on to say that, when tho cell is oblong, or only rounded 
at the extremities, the process, though similar, is less qvident ; the cell at 
first seems merely to elongate (II. 11), until it attains nearly twice its ori- 
ginal length, when tho division commences, and the rounding of the new ends 
becomes apparent. The tapering cells present but little difference, for tho 
separation takes place before the extremities are fully developed ; sometimes 
these cells separate obliquely, as in SpiroUmiiaJ* 

The mode of self-division in Closterium has been illustrated by the Kcv. 
Mr. Osborne (J. M, S. 1854, p. 57), from whose account we abstract the fol- 
lowing particulars : — I have (he says) watched for hours the process of 
complete self- division ; one-half of the frond has remained passive, tho other 
has had a motion from side to side, as if moving on an axis at the point of 
juncture ; the separation has become more and more ardent, the motion more 
active, until at last, with a jerk, one segment leaves the other,” each having 
one extremity — the one newly formed along the line of junction of the two 
segments — ^much moro obtuse than tho other. “ The circulation of tho con- 
tained globules for some hours previous to subdivision, and for some few hours 
afterwards, runs quite round the obtuse end of the endochromo.” 

Previously to complete separation each segment begins to show a central 
constriction of its endochromo, wliich in due time extends across the new 
frond, and constitutes the median clear space or band. 

A true reproductive act is presented by the act of conjugation, or coupling 
of two fronds, and by the resultant development of a sporangium (II. 6, 8 ; 
XVI. 11, 12, 13, 14). This process consists in the apposition and subsequent 
intercommunication of the cavities and contents of two cells, which may be 
free, or otherwise, members of a chain or filament. It is an act not peculiar 
to the Desmidiese, but common to them along with the I)iatomc8B and Con- 
jugatse. ** In the family ConjugatoQ (says Mr. Kalfs) the cells conjugate 
whilst still forming parts of a filament ; but in the Desmidico) the filamentous 
species almost invariably separate into single joints before their conjugation, 
and in most of the species the valves of tho cells become detached after they 
are emptied of their contents.” To bring about the necessary apposition, it 
is usual for the conjugating cells to expand or bulge out on those sides which 
arc to come into union ; and whilst thm is procee£ng, tho vesicles or globules 
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increase much in number, and, together ^vith the granular contents, become 
aggregated about the conjugating part. When contact is complet(|, an absorp- 
tion of the opposed walls of the two cells takes place, or the suture of each 
opens, the cndochrome from both is discharged and intermldglod, and an 
orbicular green granular mass, enveloped in a mucous sheath thrown out 
around it by the conjugating cells, is produced. When the process has pro- 
ceeded thus far, the origin^ valves are more or less completely emptied of 
their contents, lose their vitality, and are sooner or later detached, and float 
away from the sporangium developed. 

The foimation of a sporangium by conjugation occupies no great time. 
Indeed, in the case of Chsterium Ehrenbergiiy the Eev. W. Smith tells us 
that “ the discharge of the endochromo and tho fonnation of the sporangia 
are accomplished with much rapidity, and may often be seen taking place in 
the field of tho microscope ; the whole operation not occupying more than 
a few minutes .... During the formation of the sporangia there appears to 
be a second development of mucus in the form of rings around the reproduc- 
tive bodies ; this is probably only the effect of the pressure produced by the 
growth of the sporangia on the mass of investing mucus.” 

This act of conjugation admits of slight variations in character, determined 
by the form of the conjugating cells, and by other circumstances peculiar to 
the tribe, family, or genus in which in it occurs. In the filamentous species 
of Desmidiese, the .joints, as before noted, usually become separated before 
their conjugation ; and in most instances the old valves left empty after the 
act of conjugation are almost immediately detached from tho sporangium ; 
but in a few species they persist some time afterwards, e. g, in several of 
Penium. In Dklymoprium tho separated joints, on conjugating, unite by 
means of a narrow process pushed out from each, and often of considerable 
length ; through this the cndochrome of one cell is transferred into the other, 
and thus the sporangium is produced within one of the two cells, just as in 
tho Conjugate. In Staurastruon and Micrasterias the contents of both 
fronds are discharged into a delicate intermediate sac or bag, which gradually 
thickens, produces eminences, and at last forked spines (II. 25). Again, in 
Tetmemorm, ** the process of forming the sporangium (says Mr. !^lfs) is 
interesting, as it exhibits a striking similarity to the change during the 
formation of similar bodies in Staurocarpus among the Conjugate. In 
Staurocarpus, after conjugation, a subquadratc cell is formed, within which 
the cndochrome is collected. The latter is at first of the same figure as the 
cell, but in at least one species is at length condensed into a compact 
globular body, and in every species the cell with the contained sporangium 
finally separates from the filaments with which it is connected. In this 
separate state I can discover no character by which to distinguish the 
sporangium of Tetmemorus from one belonging to a species of Staurocarpus.'^ 
To quote the same authority, — Penium Jenneri the conjugating fronds do 
not open and gape at the suture, as is usual in the Desmidiese, but couple by 

small and distinct cylindrical tubes like many of the Conjugatse In 

Chsterium two fronds unite by means of projections arising at the junction of 
the two segments, and then the newly-formed portion continues to enlarge 
until the original segments are separated by a cell df an irregular figure (II. 
5, 6). The contents of the fronds being collected in this cell become a dense 
seed-like mass, which is sometimes globular, resembling the sporangium of 
Mougeotia, and sometimes square, like that of Staurospermrmi, The newly- 
formed ^11 is thinner and gener^y paler than the segments of tho fronds ; 
in some species it looks like a prolongation of the segments, and in others 
these arc so loosely attached that their, connexion is scarcely perceptible. 
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The coupling of the fronds gencraUy takes place from the convex margin^ 
but may occur on the concave, or even the convex margin of one frond may 
couple with tho concave of the other.” 

The Rev. •W. Smith (A. N. H, 1850) represents tho conjugation of- 
ClosteTixim Ehrenhergii to be peculiar (XVI. 11, 12, 13, 14). The first 
phenomenon (he tells us) is an alteration in the granular condition of tho 
endochrome. This, from a light yellowish green, passes to a much darker 
shade, and the. larger granules, or “diaphanous vesicles” of Ralfs, which 
were originally few in number, and arranged in a somewhat irregular longi- 
tudinal series (XVI. 10), become exceedingly numerous and pervade tho 
entire frond. While this change is about taking place, the fronds approach 
in pairs, approximating by their concave surfaces, and finally coming into 
such close neighbourhood that their inflated centres are in contact and their 
extremities slightly overlapped (XVI. 11). In a short time, probably in the 
course of twenty-four hours, a remarkable change takes place, both in the 
appearance and condition of tho fronds ; a mass of delicate mucus is secreted 
around the ap];)roximatod fronds ; these remove to a little distance from each 
other, undergo “ self-division,” and present altogether an irregular oval figure, 
tho outline of which is formed by the periphery of the mucus, the four ivi- 
sions of the fronds being placed in the middle in a somewhat quadrilateral 
manner (XVI. 12). During the progress of ccU-division, the internal mem- 
brane of tho cell-wall becomes enlarged at the suture oii line of separation, 
and projects in the form of an irregular cone, with a blunt or rounded apex 
forming a beak, whose side view presents a triangular outline. This beak 
becomes filled with endochrome, cither by tho dilatation or increase of the 
contents of the half-frond, and the divided frond assumes tho appearance of 
one with tw''o unequal segments (12), being what M. Morren calls “ a CIos- 
tmnum of two unequal cones.” On these membranous expansions, at the con- 
cave surfaces of the fronds, and close to the original sutures, there appear, 
almost simultaneously with the formation of tho beaks, two circular projec- 
tions, which, rupturing at their apices, give egress to the delicate sacs which 
enclose the endochrome, and which, drawing with them their contents, and 
meeting with the endochrome sacs emitted through similar projections from 
the other half-fronds, form, by their connexion, irregular masses, which 
quickly consolidate and assume the appearance of perfectly circular, smooth, 
dark-coloured balls, the sporangia of Ralfs and scminules of Morren. 

Lastly, w'c may add, that Siehold (J. M, S. 1853, pp. 118, 119) remarks that 
the conjugation in Closterlum Dianm, C. lineatum, C, striolatum, C, setaceum, 
&c., differs from that in C. Liinula, C, rostratumy and other members of the 
family, by dehiscence at the central transverse suture, and the consequent 
coalescence of the contents of the two cells into a rounded or angular mass, — 
an observation wiiich tallies with the account presented us by Mr. Ralfs. 

Braun (On Rejuvenescence, R, S. p. 286 et seq.), speaking of conjugation 
generally in simple cells, gives an elaborate view of the variations the phe- 
nomenon exhibits, and arranges them under several heads. Thus among the 
Desmidiem the conjugating cells unite with participation of the external 
membrane, [and] the reproductive cell is formed [either] through contraction 
of the contents clothed by the internal cell-membrane, [or] out of the mere 
contents as a new cell inside the mother-ceU.” But in the majority of the 
Dcsmidicac, “ the conjugating cells, after dehiscence of the outer membrane, 
unite through the inner ; the reproductive ceU is formed out of the mere 
contents as a newr cell inside the- conjugation-ceU.” By the fir9t-named 
mode, the formation of the reproductive cell is ... . not a direct result of 
the conjugation, but it is formed subsequently in the interior of the con- 
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jugation-cell, in the strongly expanded isthmus of this. The delicate internal 
membrane, with the contents enclosed by it, drawing itself out ofi the extre- 
mities of the double cell, forms a seed-cell, at first cruciate, four-lobcd, then 
bluntly quadrangular, and finally globular, clothed by a Aiany-layered 
thickened membrane within the persistent four-homed conjugation-cell. 
From Ralfs’s representation, this is most probably the way in which the pro- 
cess is to be understood in Cylindrocystb (Penium) BrehissoniiP 

The second mode, when the union of the isolated cells is also lateral and 
parallel, is exemplified in Closterium Lunula y in which, according to Morren’s 
express statement, three different membranes take part in the formation of 
the canal of union, — an inner and an outer cell-mcmbranc, and a membrane 
(the primordial utricle) immediately enclosing the green mass. The glo- 
bular reproductive cell formed in the connecting canal is an active gonidium, 
which begins to revolve even while in the canal, and soon breaks through the 
gclatinously-swoUen membrane of the latter. Very often two approximated 
individuals divide again and conjugate before they have completely separated, 
whence result conjugated double pairs. 

The third scheme of conjugation, the most widely extended, is itself 
reduced by Braun to two principal secondary varieties, and to several sub- 
sidiary ones. Thus conjugation takes place cither in a parallel position or in 
a crossed (decussate) manner. The former is peculiar to the Closterina ; the 
latter is met wdth jn Euastrum and allied forms, and also in many genera 
formerly united with Desmidium. The modifications, in various species, of 
these plans are well explained in Braun’s work, to which we would refer 
for particulars, as well as for an elucidation of the production of a really 
double spore (not two-lobed, as Halts terms it) ” in Closterium Uneatum, 

The next question which presents itself is, whether the product of con- 
jugation is to be esteemed a spore or a spore-case, t. e. a sporangium. That 
the latter is its nature appears pretty clear, and is assumed as a fact by Mr. 
Haifa. This authority observes: ‘‘The sporangia I consider capsules, and 
this view seems to bo confirmed by the experience of Mr. Jenner, who states 
that the covering of the sporangium swells, and a mucus is socreted, in 
which minute fronds appear, and by their increase at length rupture the 
attenuated covering.” In this opinion Sicbold coincides ; and the Hev. W. 
Smith {A. N. II. 1850, p. 4) represents, on the authority of Mr. Jenner, the 
bursting of a sporangium of Qhst&rium acerosmfiy and the development of 
young fronds from its contents. 

Braun, in his pliilosophical treatise (qp. dt. R, S. p. 133), remarks of the 
products of conjugation in the Dcsmi^cac, that ‘‘ they do not pass, like the 
swaiming-colls of the Palmcllaccae and the reproductive cells of the I)ia- 
tomaccsB, directly and by uninterrupted growth into the primary generation 
of the new vegetative series, but persist for a long time in a conchtion of rest, 
during which, excepting as regards imperceptible intcrtial processes, they 
remain wholly unchanged. To distinguish these from the direct germ-cells 
(gonidia), I shall call them seed-cells (spores). The development of these 
spores has not yet been observed ; but it may bo assumed as certain, that 
they do not pass as such into the primary generation, but produce this at the 
period of germination, by an internal transformation of their contents, and 
bring those to light as a now generation with a dehiscence of the old en- 
velope. Certain early conditions observed in Closterium and Euastrmriy namely 
families of unusually small individuals, enclosed in transparent colourless 
vesides, -render it even probiible that in certain genera of Desmidie®, a 
number of individuals are produced from one spore, by a formation of transi- 
tory generations occurring already within the spore. The enclosing vesicle 
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is probably the dissolved and swollen-up internal cell-coat of the spore, 
which hol<}8 the young individuals combined for some time after the outer 
coat of the spore has been thrown off.^’ 

Although Sraun has, in the preceding account, made use of the term spore” 
to express the conjugation-product, yet, in the very admission that, in those 
Desmidiesc in which only we have any duo to the subsequent history, it 
produces, not a single individual, as docs a spore commonly so called, but a 
multitude, he essentially agrees with Mr. lialfs, who prefers to call the body 
a capsule. Wo may quote Mrs. Thomas in support of the same view ; for she 
considers the sporangium a capsule, or {T» M, S, 1855, pp. 36, 37) ‘‘ the 
winter casing of a large number of young plants which escape from it by 
rapidly knocking against its walls, when these have been loosened by spring 
warmth, or which grow up as the walls gradually decay in the midst of slimy 
gelatinous masses.” In proof of this opinion this lady appeals to the immense 
increase in the number of plants seen in the spring beyond what can bo ex- 
plained as the result of self-fission. 

In her opinion the sporangium is a capsule (I. 8, 9) filled with zoospores 
similar to those moving granules, supposed to be such, seen within the full- 
grown plant, capable, when their fitting time comes, of filling the waters 
with their countless progeny. 

In these accounts there is a pervading harmony ; and the truth seems to 
be that, by the formation of a sporangium, provision ii^ made for the per- 
petuation of the species through the winter, when the large majority, at 
least of adult plants, have ceased to exist. The phenomenon is clearly 
analogous to that of the formation of seeds by herbaceous plants, or of ova 
by insects and other animals, when the cycle of existence of the parent being 
is complete, or is put an end to by unfavourable external circumstances. 

Braun has expressed the sequence in the phases of existence in the follow- 
ing technical language p. 133): “ In the Besmidiacc®, the Zygncmacca), 
and in Pahmgloea, the transitional generation is divided into a double one, 
since the last generation does not pass directly into the first, but the first 
generation of the succeeding cycle is produced as a new structure in the ger- 
mination ; so that we have here to d^tinguish three kinds of generation of 
cells, — the commencing generation, the concluding generation, and the 
intermediate vegetative generations.” The last-named is represented by the 
process of self-^ion, which takes place in the perfect plant, and is con- 
tinued through a long series of individuals. 

Between its fiist appearance and its ultimate development, the sporangium 
of Desmidiem undergoes a progressive series of changes ; at first it is pale 
and homogeneous, but soon gets granular, acquires a gradually deepening 
green colour, and presents vesicles and globules in large number. The enve- 
lope, at firat very delicate, augments in thickness, and becomes lined by 
others, whilst its surface cither remains smooth or becomes granular, tuber- 
culated, or spimus, and the spines themselves in many instances forked or 
branched (II. 15, 22, 25, 30, 34). Simultaneously with these changes the 
interment increases in density, and together "with its processes acquires 
considerable fimmess and toughness. Moreover, as it advances in age it 
usually assumes a reddish-brown (x>lour ; when this has happened, the 
sporangium and contents may be presumed to have reached maturity. 

Mrs. fhomas {op, cit. p. 35) thinks she encountered a mature sporangium 
of CosmaHum margaritiferum in the shape of a many-coated ball filled with 
granules in the same rapid motion as observed in the full-grown C^vnarium 
(I. 10, 11). “ The similarity of the movement (she says) attracted my 

attention ; and I also saw that in one part the enclosing membrane appeared 
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thinner, as if giving way at that spot. On the third morning the membrane 
had broken and the granules escaped, leaving the nearly emptied cose” 
(I. 12). 

Inasmuch as a sporangium may pass successively from a smootluto a spinous 
condition, it follows that the transitional stages of one species may be mistaken 
for the final stage of another ; hence a difficulty in determining to what plant 
detached scattered sporangia may belong. It is only, indeed, when these seed- 
capsules occur in company with the fronds producing them that wo are enabled 
to pronounce decisively by what species they are generated. 

As the foregoing account of conjugation and sporangia passed through the 
press, we met with tlie valuable paper of Dr. Hofmeister on the propagation 
of tlie Desmidiom and Diatomeec, translated by Prof. Henfrey from the 
Report of the Natural History Society of Saxony for 1857. This commu- 
nication tends to clear up the questions of the nature of the sporangia and of 
the relation of their contents to the propagative process. The conciseness of 
the description renders abridgment undesirable ; and we accordingly present 
it (so far as it relates to the i)oints in question) as it stands in the Annals of 
Natural History (1858, i. p. 2) : — 

The conjugated individuals of Cosmat^ium tetraophthahnum displayed 
exactly the behaviour which Ealfs has represented and Braun described of 
those of Cosmarium maryaAtiferum. The Cosmaria which had commenced 
the conjugation process appeared cracked apart at the constricted place in the 
middle. Into each bf the halves of the tuborculated cell- coat of the two 
mother-individuals extended a continuation of the membrane of the conju- 
gation-cell. Tliis smooth membrane completely lined the interior of the 
tuborculated half-shcUs. The contents of the conjugation-cell revealed no 
definite arrangement ; they were mostly accumulated in the middle into an 
irregularly-shaped ball ; in other cases separated into several such balls, part 
of which extended even into the split half-shcUs of the mother-cell. With 
these conjugated individuals, in the same fluid, occurred (very sparingly) par- 
ticidar specimens which bore, in the middle space between the two separated 
half-shells, a broad, delicate-walled utricle, the circumference of which about 
equalled that of the two half-cells taken together. The arrangement of the 
cell-contents in the primary portions of the cell did not appear essentially 
altered ; the contents of the intermediate expansion consisted of a thick coat 
upon the wall of granular i)rotoplasm with sparingly-scattered chlorophyll. 
This condition is probably that which immediately precedes conjugation, 
originating by excretion of new cellulose at the deepest part of the constric- 
tion, after the cracking of the membrane and separation of the primary halves 
of the ccU, exactly as in normal cell-division, from which this process can 
only be distinguished by the omission of the*formation of a septum at the 
narrowest part of the isthmus. Similar phenomena have been observed by 
Nageli in CosmaHum crenulatum, and by Mrs. Herbert Thomas in Co^maAum 
margaHtiferum (scarcely specifically distinct from C, tetraophthalmum), only 
that here the intermeffiato piece of the Alga did not conjugate with the 
similar piece of another individual, but,, producing tubercles on its outer 
surface, continued the vegetative life. 

In other conjugation-cells there lay, in the middle ^art of the conjugation- 
cell, a globular cell enveloped in a rather thick membrane, of gelatinous 
aspect, and smooth on the outside (the spore). No intermediate stages could 
bo found between this and the previously-described condition. Experiments, 
in which attempt was made to obtain a completion of the less-advanced 
conjugation under the microscope, all failed. Apparently the conjugation- 
cell is exceedingly sensitive to any external injury, especi^y to contact with 
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foreign bodies. Very probably the contents, in the above-described cases, 
were alret^y abnormally altered, and incapable of further development. 

“ In other conjugation-ceUs the young spore displayed a still thicker mem- 
brane, covered on the outside with truncate-conical elevations, in which 
membrane could bo detected a composition of two colourless layers. The 
outer of these layers remained clear and transparent even in the advance to 
maturity. Its elevations became developed into rather long spines, which 
forked at the apices into two or four branches. The deeper- seated layer of 
the spore-membrane meanwhile assumed a dark-brown colour. By rolling 
under the covering-glass, the tough, colouiless, outer layer may be readily 
stripped from the inner, more brittle, bro\vn layer ; then the latter appears 
covered on its outer surface with slight elevations, similar to those which 
first appeared upon the young spore. The brown layer of the spore-coat 
encloses a third, delicate, colourless layer (perhaps the primary membrane 
of the spore) which immediately envelopes the cell-contents. 

At the beginning of July, the green contents of all the spores appeared 
conglobated into a spherical mass with sharp outlines, which, l3dng free in 
the middle part of the cell, now’hcre touched its internal wall. Three w’ceks 
later, in many of the spores these contents appeared separated into two 
flattened ellipsoidal masses; when I cracked the cell by careful pressure, 
I w^as sometimes successful in driving out one or both of the masses of 
contents in an uninjured condition. They could then bo recognized beyond 
all doubt as primordial cells; bodies destitute of a *solid ceU-membrane, 
having a thin coat of protoplasm which ^ bubbled ’ out in water, to which 
adhered a thick investment, coloured bright green by numerous imbedded 
chlorophyll-granules, surrounding a central cavity filled mth transparent 
fluid. The fluid contained in the spore in which the two primordial ccUs 
were immersed, was not colourless, but rendered turbid by numerous im- 
measurably smaU granules exhibiting molecular motion. In August each of 
the ellipsoidal primordial cells had divided into two globular cells, of similar 
character to the mother-cell. Towards the end of September, some of the 
spores exhibited another such division, so that they then contained eight, not 
globular, but strongly flattened primordial cells. Most, however, passed 
through the winter-rest unchanged, during which the majority died. At 
the beginning of April of the next year, the spinous, transparent, outermost 
layer of the coat was more or less completely decayed on aU the spores, even 
on those which were still to be recognized as living by the vivid green colour 
of the contents. All the spores still alive contained at least eight, many six- 
teen daughter-cells, all very strongly flattened, almost discoid. In several 
spores the outline of the daughter-cells was no longer circular, but displayed 
two shallow lateral notches. The still-existing, brownish, inner layer of the 
spore-coat was now seen to be softened ; it no longer exhibited its former 
brittleness, and it was difficult to crack it by pressure. Daughter-cells whose 
lateral constrictions were most strongly marked, were about half as large 
again as the circular, whose diameter about equalled that of the isthmus of 
the former, and they almost entirely filled up the cavity of the spore. When 
these were pressed out from the cruslied spore, their form and size agreed 
almost exactly with tlmt of Cosmafnum Menegldnii. 

“ I saw similar phenomena in the spores of Goamarium undulatiim (Corda), 
in which the investigation is rendered very difficult by the minute ,sizo, and 
which, cultivated for some months in my room, entered abundantly into con- 
jugation. In this, again, I observed the contraction of the green*contents of 
the cell into a globule occupying the ccnti'al part ; the division of this ball 
into two, four, eight, and sixteen spherical masses ; finally, the transition of 
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these daughter-cells of the last generation from the form of circular lenticular 
bodies into two-lobed ones like the mother-plant. Here the young tCownar/rt, 
whose diameter amounted to scarcely ^th or ^th of that of the mother-plant, 
were set free by the vciy gradual solution of the membrane of tlfo spore. A 
similar process very probably occurred in Cosnimium tetraophthnlmum, but 
could not bo observed there, fram the circumstance that aU the materials had 
been used up in the investigation. 

** Those facts place it beyond doubt that the contents of the spores produced 
by the conjugation of two individuals of Cosmarium, are transformed by 
repeated binary di^dsion into eight or sixteen daughter-cells, which assume the 
form of the mother-cell, and finally become free by the solution of the wall 
of the spore. Such behaviour of the spores had inde(;d been rendered pro- 
bable before, by the discovery of the vesicular stnicturo observed by Focko 
and Ealfs, which enclosed a number of small Olosteria, for the most part 
beginning to divide. But the certainty which can only be given by direct 
observation of the development was altogether wonting. 

“ The development of four daughter-cells in the inteiior of spores produced 
by the conjugation of two individuals (with participation of the whole of the 
cell-membrane), has been demonstrated by Alex. Braun for the ralmcUaccan 
Palmoglcea macroeoccaf Kiitz. (?).” 

Sporangia ore the only portions of Desmidiem of past eras which have been 
preserv’od to us in truly fossil condition. Ehrenberg discovered certain 
orbicular and spinous bodies in Hint, some of wliich ho referred to the genus 
XmUMilium among the Deamidiem, and others to Pyxidimla among the I)ia- 
toraca 3 . However, as Mr. Ealfs remarks (p. 13), this association is, no doubt, 
erroneous, since in tnie Xanthklia the cell is comj)resscd, bipartite and bi- 
valvcd, whilst in these fossils it is globose and entire, and there can be no 
doubt that they arc foKSsil sporangia (XVII. e506 to 515). 

To quote Mr. Ealfs’s account (p. 13) — “ The fossil forms vary liko recent 
sporangia, in being smooth, bristly, or furnished Avith spines, which in some 
arc simple, and in others branched at the extremity. Sometimes, too, a 
membrane may be traced even more distinctly than in recent specimens, cither 
covering the spines or entangled Avith them. Some writers describe the fossil 
forms as having been siHeious in their living state ; but Mr. Williamson in- 
forms me that he possesses specimens Avhich exhibit bent spines and tom 
margins, and thus AvhoUy contradict the idea that they were silicious before 
they were imbedded in the flint.” 

Another mode of propagation is presumed to take place by means of the 
active molecules seen within the fronds of Ilesmidieaj — in other words, by 
zoospores, as happens in many families of Algse. M. Morren advanced this 
notion, and imagined the minute particles which he denominated propa- 
gules,” to be at once transformed into small fronds. Mr. EaHs countenances 
the opinion so far as to say that the escape of the granular contents of the 
mature frond is probably one mode of reproduction. He, however, likewise 
regards (as Prof. W. Smith observes) the swarming of the granules as 
identical with the movement of the zoospores, and confesses to his ignorance 
of the history of the motile granules after their escape. But we perfectly 
coincide Arith Prof. Smith that the swarming of the granules within a mature 
frond is in most cases ^a disturbance attendant upon the decay of the 
granular mass,” and not a phenomenon connected with reproduction. Still 
our acquaintance with the swarming granules, particularly after their escape 
from the fpond, is so imperfect that it is useless to speculate on their func- 
tional purpose. 

Ehrenberg, to carry out his hypothesis of the animal nature of Desmidioac, 

c 2 
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and to assimilate their organization with that he attributed to other Poly- 
gastrica, leprcsented the larger oil-vesicles and starch-grains to be either 
stomach-sacs or ova, — at one time the one, at another the other, in a purely 
arbitrary .faShion. Some again of the more transparent or refracting vesicles 
were, with no shadow of reason, called fecundating or spermatic glands. An 
attempt to show the error of such an hypothesis of internal oigonization 
would be futile and uncalled for at the present day, 

IIaiutats, DrsTBiBUTioN, ArrEAKANCE IN Masses, and Vital Endowments 
OF Desmidieje. Vegetable Natube and Affinities. Mode of Collection. — 
The Desmidicac live in fresh water, in ditches and ponds, and rarely in 
streams, except when these are very sluggish. They will often rapidly appear 
in a recent collection of water, and are not destroyed when the pool is dried 
up, as their reappearance immediately after a shower proves ; nevertheless, 
ponds which do not diy up during the summer, and pools in boggy ground, 
are richer in these organisms, provided the water remains sweet. To quote 
Mr. Ilalfs’s experience — “ The Desmidiem prefer an open country. They 
abound on moors and in exposed places, but are rarely found in shady woods 
or in deep ditches. To search for them in turbid water is useless ; such 
situations are the haunts of animals, not the habitats of the Desmidiese, and 
the waters in which the latter are present are always clear to the very bottom.” 
They no doubt inhabit the fresh Avaters in aU parts of the globe, for they 
have been found wherever sought in each hemisphere. Still the several 
genera and species are not universal, for, as in the case of higher plants, 
some species arc peculiar to one country, others to another ; and in the same 
country the presence and prevalence of any one species will be determined 
by the physical features of localities, by the nature of the soil, and the like. 
The distribution, however, of the Desmidiem has not been inquired into so 
fuUy as to justify any attempt to lay down special laws. 

Oftentimes in small collections of water, Desmidiem of the same or of 
various species and genera multiply to such an extent as to colour the water, 
and in the case of the filamentous species, to appear in filmy masses on the 
surface or at the bottom of the pool ; still this enormous multiplication, and 
the coloration of the water they inhabit, arc far less frequent in the case of 
the family in question than with others — for instance, the Euglencm, or even 
the Diatomcae. 

Mrs. Thomas (op, cit, p. 36) has described the green masses formed by 
Cosmarium, which during summer and autumn “ would float to the surface, 
rapidly disengaging oxygen as the sun shone on them, and sinking again to 
the bottom with the coolness of the evening. Later in the year, masses would 
adhere to the inner surface of the bottle in the form of a thin pellicle, or 
collect in slimy masses, whicK appeared to dissolve with the warmth of the 
coming spring. The green colour changed to that of a reddish yellow; and it 
might have been thought that all was dead, did not the microscope show the 
same beautiful green, both in young and full-grown plants, together with much 

bright red and brown, apparently the casings of the sporangia Large 

Cosmaria still in active motion (the remains of the mature growth of the pre- 
ceding summer) lay imbedded in the mass, when a small portion was separated 
for microscopic observation, as well as clusters of young ones (I. 13, 14). 
When the bottle had remained more than a year untouched, except for change 
of water, these masses increased in leathery hardness ; green life was not 
extinct, but became feeble in colour, and too much changed to warrant further 
observations, while a small portion placed in another bottle, and«more freely 
exposed to the light, multiplied with great rapidity.” 

Many of the vital endo'wments of the Desmidicce have already been de- 
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scribed: wo have noted their process of reproduction and of growth, the 
molecular and circulatory movements within them, their slight iocomotivo 
power ; but besides these, there are others requiring to be mentioned : for 
instance, their powers of secretion are highly pronounced ; — ^thb production 
of firm envelopes to fronds and sporangia ; the formation of starch-grains, of 
colouring matter, and of oil-globules within ; the exhalation of oxygen from 
the surface, — a respiratory act ; and lastly, their ability to resist decomposition. 

The Desmidiem servo as food to many sorts of small aquatic animals, to 
the liotifera, to various Annelida and small Crustacea, and to the freshwater 
Mollusca. They are supposed also to preserve the freshness of the water, 
and by the oxygen they exhale, to fiirnish the vital air necessary to the 
respiration of the aquatic animus found with them. They are subject to 
destruction not only in the way of supplying food to animals, but also by 
disease. For instance, Cohn has shown {Entiu. d. mikr. Alg,) that tho 
Closteria are attacked by a microscopic unicellular fimgus, called Ohyiridhim^ 
tho spores of which affix thcjnsclves on the integument, and on germinating, 
penetrate tho cavity of the*frond by their delicate fibres, and induce a pro- 
gressive breaking-up and absorption of the contents, until nothing but the 
empty hull of tho plant remains. 

Mr. llalfs has the foUoAving remarks (p. 13) : — In all tho Desmidiem, but 
especially in Clostenum and Micrasterias, small, compact, seed-like bodies of 
a blackish colour arc •at times met with. Their situation is uncertain ; and 
their number varies from one to four. In their immediate neighbourhood tlio 
endochromo is wanting, as if it had been required to form them, but in the 
rest of the frond it retains its usual character and appearance. I cannot 
satisfy myself respecting tho nature of those bodies ; but I believe them to 
arise from an unhealthy condition of the plant, or else to bo parasitic.” With 
respect to the views expressed in this extract, wo are disposed to think Mr. 
llalfs right in his conclusion that the black bodies he met with were parasitic ; 
and on comparing his account with the figures and description of tho parasitic 
Chy iridium in Cohn’s memoir (Entw,), it seems to us highly probable that the 
globules referred to were no other than the spores of that microscopic fungus. 

For a long time discussion was rife respecting the animal or the vegetable 
nature of the Desmidiem. That it was the former was tho prevailing 
notion until within the last few years, when the improvements in tho 
microscope, and the more extended and accurate knowledge of the features 
of vegetable life in its simplest manifestations, rendered this opinion no longer 
tenable, and at the present day it may be considered exploded. It is un- 
necessary, therefore, to go minutely into this question ; for it will suffice to 
indicate the most striking distinctive characters, especially those which rest 
upon tho affinities of the fanuly under consiTieration. Those readers who 
would see the point fully discussed will do well to refer to Mr. Ihilfs’s admi- 
rable monograph, to which we, and others also, resort as to a mine, for tho 
materials to bi^d up a history of the Desmidieae. 

An old argument advanced by Ehrenborg for the animality of the Des- 
midietc, was, that they had a power of voluntary movement like animals. 
Without staying to consider the loose and unphilosophic use of this term 
voluntary, as applied to the motion, whether in thb Dosmidiese or in the 
simplest animal existences, its occurrence can be no proof of animal life, 
seeing that it is exhibited by acknowledged plants, and in a still more marked 
manner by their spores. Moreover, such movements are doubtless effected 
by cilia, bbth in tho animal and vegetable world alike, and are likewise 
determined by tho vital processes going on within and also without these 
simple organisms, in relation with external media and with surrounding 
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physical conditions. Siebold, quoting Nageli’s opinions, says (J. M, S. i. 
p. 120) — V The slow turning, and at the same time rare movements of the 
Closteria (the genus in which motion is more evident), present no character 
of spontandity; these motions are merely the consequence of an active 
endosmosis * and oxosmosis, by which the water immediately surrounding the 
Closteria, and consequently themselves, are put into motion.” Again, as Mr. 
Ralfs remarks, the motive power is less in degree than in the Diatomete. 

Cell-multiplication by fission or transverse division, enumerated by Ehrcn- 
borg as an animal peculiarity, is now so completely established as a vegetable 
phenomenon, that it can claim no consideration when the question of the 
actual affinities of a disputed organism is to be solved. And equally unde- 
serving of critical examination at the present day is the comjdox animal 
organization attributed by the Berlin microscopist to the fronds of Desmidicuc. 
Conceniing the apparent sac containing the moving particles in tho Closteria 
and in other genera, regarded by Mr. Dalrymple as a vegetable peculiarity, 
Mr. Kalfs observes, “ I confess I am unable to rpfer to any example in other 
Algse of terminal globules like those present in tfie Closteria, but neither can 
one be found amongst animals ; and if in some respects they have an analogy 
with organs belonging to the latter, in others they agree better with vegetable 
hfe.” On another argument raised, the same author remarks, Tho con- 
traction of the internal membrane of the Chstet'ia, or the expulsion of their 
contents on the application of iodine or other reagents, cannot be relied upon 
as a satisfactory test for determining their nature ; for tho blandest fluids will 
in some cases (both among recognized Algae and the Closteria themselves) 
occasion violent action.” On tho other side of tho question, tho act of swarm- 
ing, tho emission of actively motile germs (presumed in this family), tho 
presence of starch and of chlorophyll, tho chemical relations between these 
substances, and also with the oily matters formed in the fronds, the exhala- 
tion of oxygen in sunlight, and the absence of azotized material in their 
chemical constitution furnish reasons for arranging the Desmidicae with 
plants. Besides these reasons, others are found in the general form and in 
tho modes of proj)agation being precisely analogous with those in admitted 
unicellular Algm. Their intimate affinities with Algae are shown by the fact 
that Meneghini and Kiitzing placed Merismo^cedia among the Dosmidiea), 
and that Braun refers the two genera Scemdesmus and Pediasirmn, included 
by Ehrcnberg himself in the family in question, to the PalmeUaceac. The 
process of conjugation, which has been often appealed to os a characteristic 
of plant-life, would appear, however, to be, in exceptional cases and under 
peculiar modifications, also an animal phenomenon, and therefore inapplicable 
as a test. 

Meneghini, who contends for the animality of tho Diatomeoe, has pro- 
nounced {R, S. p. 497, 1853) the opinion that — “ The Clostena and Dcs- 
midieffi in general arc plants, and not animals. In the actual state of science 
we arc compelled to admit this proposition. The organic structure, tho phy- 
siological phenomena, the history of their development, the chemical materials 
they contain, manifest in these beings a perfect correspondence with others, 
which in every point of view corresi>ond. with the abstract idq^i of a plant. 
But what they present in common with other beings evidently animal, is 
merely an appeoranbe^ or at the most, a resemblance in external form. 
Ehrcnberg was misled by this appearance, and, guided by this fallacious 
similitude, thought that he discovered in the Desmidiese the same organic 
pcculiaiitics which proved the animality of other beings.” 

Respecting the affinities of the Desmidiesc, Mr. Rolfs states that, “ on one 
side, they are allied to the (Jonjugat® (Zygnemcae) by similarity of reprodiic- 
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tion, and on tho other to the Palmollese, by the usually complete transverso 
division, and by tho presence of a gelatinous investment. Indeed tho relation 
to the latter is so intimate, that it is difficult to say to which family some 
genera belong. . . , Some species of Seenedesnvus may be allowcfi to have an 
almost equal claim to rank with either.” Again, they are related to tho 
Diatomca) by similarity in tho reproductive process. 

In Elircnbcrg’s system of Polygastiia, the Closteriu wore placed together 
as a distinct family, under the name of Closterina, whilst all the other genera 
of DesmidicsB were ranged as a section of the Pacillaria. This separation, 
based as it was upon presumed structural peculiaiities, is no longer accepted 
by microscopists, who cojoin ClosteHuni with the several genera included in 
Ehrenberg’s section Dcsmidiaeea in one group— the Desmidiea). 

Tho division of this family proposed by Mr. llalfs is made according as — 
1. The plant forms an elongated jointed filament (by incomplete division of 
its cells) ; or — 2. The frond is simple, from complete transverse division, and 
distinctly constricted at the junction of the segments, wdiich are seldom longer 
than broad ; sporangia spinous or tuberculated — rarely, if ever, smooth ; or — 
3. The frond is simple, as above, generally much elongated, never spinous, 
frequently not constricted at tho centre; sporangia smooth; or — 4. Cells 
elongated, entire, fasciculated ; or — 5. The frond composed of few cells, de- 
finite in number, and not forming a filament. 

This last section ig so exceptional in general characters, and especially in 
tho mode of reproduction, that Braun detaches it from the Desmidiem and 
associates it with the Palmcllcaj. In this plan we coincide, and have there- 
fore treated separately this last section of Mr. Ilalfs, comprehending PecUas- 
tram and Scenedesmus, 

Eiitzing (Sj)€cie8 Algarum) includes the Desmidicce in his subclass Mala- 
copHYCEiE, suborder ChamsephyceaD. 

Mr. Ilalfs enumerated 20 genera ; viz. — In Sect. 1, Hyalotheea^ Didymo- 
priuniy Desmidium, Ajptoyonium, Splicerozosma, Sect. 2, Micrasterlm, Euas- 
trum, Cosrmiriwn, Xanthidiuniy ArthrodesmuSy Stcmrasttmniy Didymoclculon. 
Sect. 3, TetmemoruSy Peniuniy Doctdiimiy Closteriumy SpiroUxtnia, Sect. 4, 
Ankistrodesmvs {PfiapJiidium). Sect. 5, Pediastrurriy Scenedesmus, 

When compiling his systematic work, Kiitzing appears not to have seen 
Mr. Ealfs’s monograph, but only his detached papers in the Magazines, and 
consecjuently was unable to compare the genera established by the English 
author with those described by himself. The consequence is that Kiitzing 
describes several genera not admitted by Mr, Ilalfs, who has otherwise dis- 
posed their representative species, <lisallowing tho supposed distinctive generic 
chiiractcr. Nevertheless it seems desirable to enumerate tho additional 
genera of Kiitzing, since several are new (unnoticed by our English authority), 
and derived from the papers of Ehrenberg or of other observers, or from his 
own researches. Those instituted by Ehrenberg were introduced in our last 
edition. 

The additional genera arc: — Trochisda (K.), Tetraedron (K.), Pithisms 
(K.), Stanroceros (K.), Polysolenia (E.), Microtheca (E.), Polyedmm (Niigeli), 
Zygoxanthium (E.), Phycastrwn (K.), Asteroxanthium (K.), IStephamxan^ 
thium (K.), Ommmatonema (Agardh), JJamhusiim* (K,)y IstJimoslra (K.), 
Spondyhsum (Brebisson), Eucampia (E,), GeminelJa (Turpin), Monactinm 
(Corda), Staurogonia (K.), Spheerastrum (Meyon), Sorastrwm (K.), Ccelas- 
trum (Niigcli), Rhaphidimn (K.), Oocardium (Nageli). 

The value of the several genera instituted and their characteristics form 
the subject of the systematic history of the Bosmidiese by Mr. Ilalfs in the 
subsequent portion of this treatise. 
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SUBFAMILY PEDIASTREJE. 

(Plate I. 37 to 69. Plate II. 19, 36, 37.) 

This inpltldes the genera Micrasterias and Arthrodesmvs of Ehrenberg, the 
Pediastrwrn and Scenedesram of Kalfs, Kutzing, and others ; and, in addition 
to these two, to follow Nageli’s classiheation, Sorastruniy Ccel'UStrumy and 
probably also SpJicerodemius. 

At the time Mr. Ealfs wrote, much uncertainty prevailed respecting what 
should bo considered characteristics of species, and what were the modes of 
propagation ; and it is much to be regretted that, although some of the diffi- 
culties and doubts are removed, our knowledge of these microscopic Alga3 is 
far from complete. 

Ehrenberg, in harmony with the general views of organization he had 
adopted, placed Micrasterias and Arthrodesmus among the Desmidieae, in the 
class of Polygastric Infusoria, and described the existence in them of ova, 
stomach- vesicles, and seminal glands. Yet he was unable to point out one 
single feature really indicative of their animal nature, even locomotion being 
unrecognized. Indeed, among those who might bo inclined to follow the 
distinguished Berlin naturalist in attributing an animal nature to most of his 
Polygastria, the generality would hesitate, in face of the many intimate ho- 
mologies, structural and physiological, between the Pediastreae and admitted 
Algse, to predicate it of that group of organisms. ^ 

Figure, Comi’Osition, Contents of Cells. — The individual cells among 
the Pediastrese do not exist isolated and independent, but arc united together 
in a frond, in determinate number and in a definite arrangement for each 
genus. In all the species they agree in having a membranous widl like the 
Desmidiem and Palnielleae. We confine ourselves, it should be imderstood, 
in noting the figure of the ccUs, to the mature phase or stage, which, although 
but one of several known phases, is that most marked, best understood, and 
most perfect. 

The cells of Scenedesmm {Arthrodesmus, Ehr.) (1. 37 to 43) are entire, ovid, 
oblong, or fusiform, with their ends either rounded or pointed. Their length 
is from two to four times their width or thickness, and they arc sjfficrical on 
a transverse section. They exhibit no constriction or suture at the middle, 
neither in their wall nor in their endochromc, and in these particulars con- 
sequently differ from the cells of true Desmidieie. The membrane is fre- 
quently drawn out in the form of straight or curved spines ; this happens 
usually only with the cell at each end of the chain (I. 40, 41 ) ; but in a few 
cases, other cells nearest to the outer ones become also armed with spines 
(I. 42). When this extension to the other cells occurs, Niigeli remarks tliat 
the spines do not appear on both the superior ond inferior extremities of each 
cell, but only on the upper of the one, two, or three next within the one 
terminal cell, and on the lower extremity of the same number within the 
other terminal ceU (I. 42). It is rare that the central cells of the chain are 
armed, and even when this occurs it is only with short spines. In addition 
to a spine, or, os may happen, a pair of spines from the upper and lower ex- 
tremity, the end cells at times have a third spine standiing at right angles 
from their sides (I, 41)*. 

The cells of Pediastrum are considerably compressed, so that when aggre- 
gated they form a flattened tabular structure (I. 44 to 48, 59 to 69). In 
figure, as seen from above, they vary according as they occupy the margin of 
the collection, i, e. are peripheral, or are central. The latter are' polygonal, 
frequently hexagonal, and no doubt owe this shape to mutual lateral pressure 
during growth : the marginal cells have fewer sides, and are frequently irre- 
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gulwly quadrilateral, but their free margin is more or less deeply notched, 
and therefore bilobed (I. 44, 45, 53, 62). The lobes are usuaHy tapering, 
and form a tubular process either .truncate or acute at the extremity (I. 62), 
In a few cases the notch is not angular, but curved and crescentic (I. 62) ; 
in others again it is deep, angular, and gaping (I. 52, II. 27), and gives the 
cell an irregular figure ; this latter condition is more seen where only a few 
cells are united together, and where the lobes are not luolongcd as pro- 
cesses. In some species, moreover, the lobes are terminated by short hair- 
like spines. 

The notch on one side is not confined to the peripheral cells, but extends, 
in several species, also to the contained cells of the frond (I. 52, 66) ; their 
lobes, however, are not tapering, but shaiply truncate. Niigcli instituted a 
subgenus of Pediastrum under the name of Anomopediuniy the chief charac- 
teristic of which is the absence of bilobed periphcrsil cells (I. 46, 47, 48). 

The cells of Ccelastnim are hexangular (I. 49, 50, 51), the central ones 
very regularly so, whilst the peripheral are rounded off on their free aspect 
in one species, and in another notched and bilobed (I. 54, 55), Those, lastly, 
of Sorastrum (I. 56, 57) are wedge-shaped or triangular, with rounded 
angles ; they cohere by their apices, whilst the base is peripheral, often 
rather concave or emarginate, and, as a rule, armed at each angle by a pair of 
short spines. On a lateral view the cells are oblong (I. 58). 

There is a pervading uniformity in the contents of the cells of the different 
genera of Pediastre®, wliich consist of the usual vegetable protoplasm, and 
are spoken of collectively as the endochrome. At first the colour is very pale 
gi'ccn, but it becomes deeper with advancing age, and in fully mature or 
decaying cells is seen to change to red or brdwnish red, just as the leaves of 
trees change colour on the approach of autumn. At first, the protoplasm is 
clear and homogeneous, but in course of time granules appear, enlarge in 
bulk, and multiply in number. Moreover, each cell presents a single chlo- 
rophyll- vesicle, which is least discernible in very young ond in very old cells 
(I. 53 to 58). It is ordinarily seen in or about the centre of tlio cell, but 
may occur on one side, as in Pediastrum Rotula, Around this vesicle are 
seen in several species clear circular spaces or globules, recalling those of 
Closlerinmy varying in number in different cases from two to six (I. 44, 45, 
53). In Pediiistrum Rotulu^ Nagcli observed two such ; in P, Bomjanum and 
P. Selerma (I, 44, 45), from two to six ; in the species of Scenedesmus and 
of Sorastrum (1. 57), one hyaline space. This author likewise represents the 
relative position of the chlorophyll-vesicle and of the translucent space to bo 
constant in similar fronds. In those made up of two colls only, the chloro- 
phyll-vesicle is placed outside, whilst the clear cavity lies against the parti- 
tion-wall. In chains of four'to eight cells the chlorophyll- vesicle is external 
relatively to the central cell, and the clear space internal (I. 40, 41), — the 
position being regulated, not by the partition-wall, as in the PalmeUeaB in 
general, but by the centre of the entire frond. Oil-globules are also cen- 
tred in the cells ; their presence is readily demonstrated by the addition of 
tincture of iodine, for they continue colourless when the surrounding mass is 
coloured brown ; their position often exhibits much regularity. Unless the 
chlorophyll- vesicle be esteemed nuclear, no nucleus has been discerned in the 
cells of Pediastre®. On one occasion Niigeli saw, in Pediastrum Boryanum, the 
endochrome disposed in a radiating manner aroimd the chlorophyll- vesicle, 
an arrangement which often obtains in Alg®, and in many.vegetable cells 
where thbre is a central nucleus. 

Ntjmbeh and Disposition of the Cells in the Feonds. — ^Thc cells of Pc- 
diastre® are always united together in compound fronds. The number so 
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united, and their mode of combination, diifor in the different genera and 
species. c 

In Scenedesmvs the cells are arranged (I. 37 to 43) in single linear series, 
side by side, Smited by a mucous hyaline matrix, which is less abundant 
than in Fediastrum. Two, mostly four, and less frequently eight cells are 
concatenated ; and, as a rule, the luio of union extends the entire length. Ex- 
ceptions occur, owing to the junction-surfaces being less extensive, in the foim 
of chains of cells having a zigzag border, every alternate cell being depressed 
below the nonnal plane, or in that of an oblique chain, having each member 
in succession depressed beneath the preceding. Sometimes two rows of eight 
cells each ho side by side (I. 38), so that the one dovetails into the other by 
the alternate elevation and depression of their component coUs : this may 
happen in tho whole extent of the two coherent chains, or in a portion 
only of their length at one or other extremity ; or one chain may be broken 
into two segments, each dovetailed to the other chain at opposite ends so as 
to leave an unoccupied central space. The alternation of the cells in fronds 
composed of two rows, is the result, according to Mr. Ealfs, of the oblique 
manner of division. In the genus Pediaatrum the fronds are generally com- 
posed of a larger number of cells than in Scenedesmus, disposed in tho same 
plane according to a definite and usually concentric arrangement, and foiming 
compound stellate fix)nds (I. 52, 53, 62, 66, 67), whence the term Micras- 
terias (httle star-hke beings) invented by Ehrenbcrg, and also the second half 
of the generally adopted teim {Pediyastrum. 

To distinguish species, Ehrenberg chiefly employed the number of the 
cells in a frond — both the entire number and that of each concentric circle, 
together with the number of circles. Succeeding naturalists, however, have 
pointed out that the number of cells in the same species is subject to con- 
siderable variation. Turpin detected the true law determining their number, 
and Niigeli further illustrated and enforced it. The latter writes that 
[Einzell, Aig, p. 92) the cells are united 2, 4, 8, 16, 32, or 64 together 
in a frond. These numbers are always constant in young fronds without 
exception. In older specimens one or more cells may be lost, and the frond 
become therefore apparently irregular. These cells do not spontaneously 
detach themselves from tho rest, but die, and are partially or entirely 
dissipated, as a consequence of injury from some cxtcmal cause, probably in 
most cases by smiill aquatic animals. They occur in all stages of destruc- 
tion, and when entirely vanished, the vacant space indicates their former 
position. The cells are aggregated together in a single plane, which possesses 
mostly a circular or somewhat rounded outline ; but in tho disposition of the 
colls there is considerable variety. In tho case of 4 cells they arc either all 
in opposition (II. 27), or only 2 in the centre ; with 8 colls, one usually 
lies in the middlo, and the other 7 surround it in a circular manner 
(I. 52); less commonly, 2 are central and 6 peripheral (I. 62); rarely, 
one occupies the centre with 6 around it in a circle, whilst the remaining 
or eighth cell is placed on the periphery ; and still rarer, the disposition is 
quite irregular. Where 16 ccUs arc combined, the rule is that there is one 
in the centre surrounded by an inner circle ofla5 and an outer circle of 10. 
At times, 4, 5, or 6 infernal cells are encircled by 12, 11, or 10 outer 
ones (I. 53, 66, 67), whereby a double ring is produced: more rarely 
the arrangement is completely irregular. Again, 32 cells are mostly 
so placed that .one central cell has around it 3 circles, the innermost of 
5, the middle of 10, and the outer of 16 cells; less frequently, the 3 
circles ore respectively composed of 5, 11, and 15, or of 6, 10, and 16; 
occasionally 5 internal colls have 2 outer series, one of 11, the other of 16 
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cells; or 6 cells arc enclosed by 11 and 15, or by 10 and 16 ; or, lastly, the 
distribution is partly or completely irregular. In tho case of» 64 cells, no 
regular aggregation frequently is observable : sometimes 2 or 3 external con- 
centric scries arc perceptible, where the position of the innef' cells follows 
no rule ; less frequently, the concentric arrangement can be followed to tho 
centre : when tins is the case, one central cell may be enclosed by four 
series Respectively of 6, 13, 19, 25, or of 7, 13, 19, 24 cells; or again, 2 
middle ccUs have around them 8, 13, 18, 23, or 7, 12, 19, 24, or 7, 13, 19, 
23 cells in four rows ; or further, 3 central cells have 8, 13, 18, 22 colls 
around, and so forth. 

“ The form of tho genus Pediastrum has in general a decided tendency to 
a concentric disposition of tho cells. Thus 4 cells combine in 1, 8 in 2, 
16 in 3, 32 in 4, and 64 in 5 circles. When this concentric arrangement is 
disturbed, it occurs more frequently in larger than in small fronds, and more 
frequently among the central than tho perii)hcral cells.” 

Braun (Oen. Nov, p. 71) has entered much in detail respecting the number 
and disposition of the cells, and arrived at the same general results as Nagoli. 
He observes that “ the same numerical law is common to all the species [of 
PedMStmm'], but the number may vary more or less within tho legitimate 
series, even indeed in one and the same species : tlie disposition also is liable 
to variation w^hcre there is the like number of cells in the same multifarious 

species ; and this ^ much the more the greater tho number of cells The 

legitimate (normal) scries, viz. 1, 2, 4, 8, 16, 32, 64, 128, is explained by the 
binary division which takes place in the formation of gonidia, and which is 
quickly arrested or continued for a longer period. 

I have no direct observ’ations to show whether specimens consisting of a 
single cell are generated singly from the parent cell, or, after being developed 
in company with others, they have become dispersed by some accident, which 
is very probable. Such specimens, belonging pretty clearly to Pedimtrum 
Ehrenbergii, occur everywhere in comi)any with the multicellular fronds of 
this species. Unicellular examples of other species arc, it would seem, very 
rare. I have seen one such of P. Rotula ; of some which I think should bo 
assigned to P. Boryanum. Bi-cellular specimens 1 have only observed in the 
case of P. Ehrenhergii ; instances of 128 cells have frequently occurred to me 
with P, valgum, and twice with P. Bonjanum, The other numbers are common, 
and occur in very many or in all species, or in the majority ; certain of them 
indeed much more frequently than others. 

Numbers divergent from the normal scries, whether incomplete or more 
than complete (supra-coraplete), are rare, wMst very divergent ones arc 
very rare. The former have their origin in the process of hssion and tho 
formation of gonidia, when one or other segfment in the penultimate division 
remains undivided, or divides once too often. Thus in P. Boryanum, specimens 
are occasionally found having 15 instead of 16, 31 for 32, 63 for 64 cells, or 
on the contrary, 17 for 16. Examples of 65 in lieu of 64 cells have occurred 
to me in P. asperum. The latter, i. e, those numbers widely divergent, may 
originate, if in the earlier division of tho cytioplasm [protoplasm] some seg- 
ment is, as it were, passed byj and subsequently enters again in the series of 
segmentation. In this way the numbers entering* into the series 3, 6, 12, 
24, 48, examples of which are at hand, may be explained. Three cells have 
been met with by me in P. Ehrenhergii, and more frequently 6, both in this 
species and in P. Rotula ; ... .24 cells, once, in P. aaperum,^^ 

Braun*adds that, if any person should doubt that the number of ccUs differs 
in the same spc(dcs, he has only to inspect collections made in the same place 
and living under like conditions, and to note the unequal forms produced 
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from tho samo parent individual^ and lastly^ to remark the analogy presented 
in other allied genera, e, g, Scenedesmus^ Sorastrv/m, and Ccelastrumy to con- 
vince himself of the fact. 

Moreover, as shown by Niigcli, when the number of cells is tho samo in a 
frond {ccemhiumy Braun), their arrangement varies considerably, tending 
more and more to irregularity as the cells are more multiplied. “ The normal 
and most frequent disposition is orbicular, the cells being arranged, according 
to their number, in one or several concentric circles, around cither a single 
central cell or none at all. Where two cells are placed in tlie centre, the 
circles around inclino to an elliptic figure; fi'om this a transition to an 
elongated fonn still more aberrant fi*om the orbicular typo is indicated, in 
which the elongate-elliptic circles surroimd several intermediate cells placed 
in single or double longitudinal series. By tho less regular concentric or the 
entirely confased disposition of the colls, tho elliptic form passes at length 
into others stiU more abnormal, such as reniform, panduriform, cuneiform, 
&c., all which agree in having 64 or 128 cells. The regular concentric 
arrangement is moreover deranged by the occasional intercalation of cells 
referable to no one of the circles ; and lastly, owing to an incompleteness 
of the circles of colls, they become so connected one with another, that a 
spiral disposition is the result, which, although abnormal in every species, is 
in some specimens constructed with wonderful rcgulaiity. All these various 
arrangements arise from the manner in which tho motilo gonidia are disposed 
and marshalled in their first stage; for these are distributed within tho 
parent depressed orbicular cell, according to the laws of juxtaposition, in a 
plane.” 

Another peculiarity in the disposition of the cells in the fronds of Pedias- 
trum is, that sometimes, instead of being all in juxtaposition, so as to form 
an unbroken congeries of colls, or, in tho language of Ntigcli {op, cit, p. 94), 
instead of being parenchymatic, apertures or interspaces are left between 
them (I. 53). This is most seen where the inner cells are more or less bi- 
lobed, so that an opening subsists between the lobes of each cell ; but similar 
apertures may likewise occur at the angles where the cells come into contact. 
When the position of the cells in the table is regular, that of tho foramina is 
so also. Pediastrum Selencea with 16 cells has, as a rule, 6 large and 8 small 
openings ; the large are bounded by 3 cells, the small by 2 ; the small spaces 
are sometimes absent, when the large become very evident. Fronds of the 
same species, having 32 cells, display usually 11 larger interspaces lying 
betwixt 3 cells, and 18 smaller enclosed between 2 cells. 

Anomopedium, a subgenus of Pediastrum^ differs not only in its peripheral 
cells not being bilobed, but also in having its cells pariially disposed in a double 
plane (I. 46, 47, 48). The cells" which are in the numerical series of 4, 8, 
16, 32, and 64, arc subject to manifold arrangements, and frequently aggre- 
gated quite irregularly. They are mostly so placed, that in one, two, or even 
three directions, they can be clearly discerned to be in parallel straight rows. 
A concentric disposition is quite exceptional ; not unfrcqucntly, instead of all 
the cells occupying the same jilane, some form a partial second layer upon 
the other about the middle. 

In Goelastrum (I. 50, 51, 52) the hexangular cells arc so arranged that 
they form a hollow, globular, areolar frond. Ceel, sphoericum consists of 25 
to 40 cells, which compose a lamina perforated by 3, 4, 5, 6, 8 angular meshes 
(arcolm) somewhat larger than the cells themselves, and from 13 to 22 in 
number. Ccel. cMcum consists of 8 cells united in a cubical fomi, hollow 
inside : on each side are 4 cells enclosing a quadrangular aperture. 

Lastly, in Sorastmtn the wedge-shaped or cordate cells (I. 56, 57) arc all 
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in close apposition and form a globular frond. The cells in tho tjrpical species^ 
S, echinatum, are 8 or 16 in number, and so arranged that all their apices 
converge towards and meet in the centre of the frond. 

SpJioerodesmm, which probably is rightly accounted one of tie PediastreaD, 
is named, but not described, by Nageli ; we are, however, informed by Braun 
{Oen, Nova, p. 70, in foot-note) that its fronds are composed of 4 spherical 
colls closely aggregated in a rhomboidal form. 

Development and Growth. — Scemdesmus multiplies by fission, as Kalfs 
believed, in an oblicpio direction, but according to Hagcli, parallel to tho long 
diameter of tho cells. The former adopted his opinion from tho features of 
biserial chains ; but the latter interprets those appearances by tho simulta- 
neous occurrence of longitudinal and of transverse fission (I. 37, 39). 

The process of self-division commences generally at the same period in 
each cell of the frond (family, l^iigoli), and proceeds with so great rapidity 
that its intermediate stages are unobserved. One of the two terminal cells 
(I. 39), or, in an eight-celled, probably the two, sometimes remain for awhile 
undivided. The cell separates into two, then each of these again into two 
others, and at times this act of subdivision is repeated a third time. By a 
more prolonged act of segmentation of tho cell-contents, the result is a number 
of minute colls which arrange themselves in rows of two, four, or eight, and 
thus form miniature fronds which ultimately escape the parent-cell by rup- 
ture. Occasional!)^ adds Niigcli, tho young fronds arc connected together 
by mucus, formed by dissolution of the parent cell- wall. Development takes 
place in parallel planes, although by their increase they become mutually 
compressed and irregular, and tho chains curved prior to their discharge. 

This production of macrogonidia and their cohesion into fronds has not 
been seen by Braun, and is, in his experience, an exceptional phenomenon 
(Oen, Nova, p. 67). 

When Mr. Ralfs wrote his work on the Dcsmidico) (in 1848), ho had to 
confess himself altogether ignorant of the modes of reproduction both of 
Pediastrum and Scenedesmus, He, however, described self-division of the 
cells in both genera, but rightly regarded this process as ono not of develop- 
ment, but of vegetative increase and repetition. On this subject he remarked 
(op, eif. p. 182), — “ I have not seen tho cells during the process of division, 
but I am informed by M. do Brebisson that it takes place at tho notcli, in 
the same manner as in other Desmidiem : hence the colls in each circle are 
connected at their ends, like those of the filamentous genera. I do not, 
however, understand in what manner tho additional circles arc foimcd, nor 
why the numbers in each circle are so constant.” 

Nagcli, likewise, was equally ignorant of the propagation of Pediastrum, 
but thought it highly probable it resembled that of Semedesmus, The num- 
ber of ceUs in a table or frond, indicated to his mind its production by a series 
of fissions in the power of two ; and he presumed that a new frond was gene- 
rated within a parent cell by division of its protoplasm, just as in Scenedesmus, 
— a supposition supported by the fact that the entire young fronds are not 
laa'ger than the single cells of matm'C specimens, that like these they are 
composed of the same number of individual cells similarly disposed, and 
undergo no subsecpient segmentation into a larger ifumbcr. 

Tho more recent researches of Braun arc confirmatory of the views of Na- 
geli (Gen, Nova, p. 68). Amid a large number of specimens of Pediastrum 
Boryanum he detected the escape of, in most instances 32, more seldom 
of 16, and rarely of 8 gonidia, from a parent cell, — tho number gene- 
rally, but not invariably, corresponding with that of the cells composing the 
mature frond or ccenobium. The collection of gonidia was enclosed by a 
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common envelope, within which they moved actively about for a quarter of 
an hour before coming to a state of rest, and arranging themselves regularly 
in a frond (1. 64). This sac is described in the author^s work on llejuvenes- 
cence {Ray IJoc. p. 184) as the vesicular inner layer of the mother-cell. 
He witnessed this production of gonidia from many, but not from all the 
colls of the fronds, for it seems to take place in them in succession, and pro- 
bably in some definite manner, according to their position in the frond. Ho 
further describes the development of microgonidia to follow the same plan as 
that of nmerogonidia, but to differ from the latter in number, size and form, 
and in duration and cessation of motion. MacrogonuUa have a subglobose 
figure, a diameter of y^th of a millimetre ; one side hyaline, and scarcely 
elongated, the other turned towards the periphery of the frond, green, and , 
by-and-by extended and emarginate : no vibratile cilia discoverable on them. 
They never leave the sac in which they aro produced ; and the young frond is 
seen, until the close of the second day, loosc^ly enveloped by a gelatinous 
layer, which ultimately disappears by doliquesecnco (I. 64). 

On tho other hand, microgonidia aro at first densely aggregated and 
closely invested by tho sac in which they are generated ; like macrogonidia 
they are subglobose (I. 60, 61, 68, 69). After a while tho sac is gradually 
dilated, and, growing more and more in length, forms an acute hyaline beak 
(rostrum) as long as the green portion, which constitutes the rest, or tho 
body, of the gonidium. THs rostrum, moreover, is furnished cither with a 
pair of cilia, longer than the body, or wdth a single cilium. The length of 
these developed microgonidia is nearly y^th millimetre ; tho thickness yj^th 
(I. 61, 68, 69). Tho movement within the sac is at first slow ; but when 
this is fully expanded, it is very active, arid continued for an hour and 
upwards, until the sac is ruptured, and the whole heap of microgonidia escape. 
Tho number of microgonidia cannot, by reason of their aggregation and their 
swarming movement, be easily determined ; at least 64 occur in a sac, and 
most commonly many more, for instance, 128. Of their subsequent history, 
Braun can give no satisfactory account. 

A reference to tho same able writer’s book on Rejuvoncsconco (R, S.) 
informs us, at p. 200, that before tho formation of the gonidia of Paliastrum, 
the single starch-grain, the nuclear character of which has been above re- 
marked, disappears. From tho same source we also obtain a series of illus- 
trations of tho development of macrogonidia, of their arrangement in tho 
characteristic stellate frondoso form, and of the varieties in the number and 
arrangement of the component cells, which may be seen in examples of the 
same species of Pediastrim. 

Tho development both of Ccelastrum and Sorastrum is imknown. 

The Podiastreoc aro of freshwater habit, living in ponds, on which they 
frequently form, in conjunction with other small plants, a coloured film- or 
scum. They are also common in turfy pools on moors, and invest the surface 
of various aquatic plants. 

Systematic Position of Pediastreje. — Mr. Ralfs followed Ehrenberg, 
Meneghini, and others in placing the Pediastrem among Desmidiem; but 
Corda, NageH, and Braun have separated the two as distinct tribes. Indeed, 
Mr. Haifa has modified his views since the publication of his monograph, and 
would treat the Pediastre® as a subfamily of Besmidie®. Nageli (Einzell. Alg) 
arranges them with the PolmeUe® as a distinct group, and in this has the 
support of Braun (Oen, Nova, p. 69). These naturalists point out that the 
distinctive features between the Pediastre® and tho Desmidie®, are that the 
former neither conjugate nor multiply by continued transverse division of their 
cells in tho same direction, each newly-formed segment acquiring all tho 
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characters of a complete cell ; that, unlike the Desmidiete, they propagate by 
gonidia; have but one instead of two or more equally-sized starch-grains 
and a central nucleus ; and that their fronds are not distinguishable into two 
symmetrical halves. ‘‘ The Desniidiem are evidently multicellulA', .or pseudo- 
unicellular, from separation of their cells, whilst (says Braun) Pediastrum 
is a true unicellular Alga rendered pseudo-multicoUular by the cohesion of the 
cells. The aggregation of cells in Desmidiem is always uniserial, filiform or 
concatenate ; the fronds of Pediastrum are grouped on a plane of a disc-form 
or frondose character.” 

Braun next traces the affinities of Pediastrum^ and remarks that, although 
it resembles Hydrodictyon in the construction of its fronds (coenobia) by the 
connexion of motile gonidia, yet since in Hydrodictyon the gonidia are 
simultaneous, and in Pediastrum successional, it is rather an analogy than 
an affinity which exists between these two genera. However, he admits the 
correctness of the association of Pediastrum with the genera Nageh indicated, 
viz. with /Sorastrum, Ccelastrumy Scenedesimis, and probably Spheerodesmus, 
and would add to their number the genus Staurogonia (Kiitz.), the Crucigenia 
of Morren (^Ann, des Sciences Nat. 1830, p. 404). All these genera agree 
with Pediastrum in the successional formation of gonidia, yet differ from it 
in other particulars except in the constiniction of the frond from motionless 
gonidia. Among other genera, Polyedrum may be likened to Pediastrum in 
the form of its cell^ but its propagation is unknown ; lastly, Characium and 
Cystococcus agree with Pediastrum in the successional genesis and activity of 
their gonidia. 

To this elucidation of the affinities of I^dutsirum we have to add the 
obsciwation of Cohn (Nntwicic. d. milcr. Ahj.), of the analogy or affinity in 
general structure between tliis genus and Gonium. 

The division of Pediastrum into tribes or subgenera, as proposed by Braun, 
and the distinction of species of the Pediastreae in goherol, will receive duo 
consideration in our systematic account of the family. 

II.— OF THE FAMILY DIATOMEiE OH DIATOMACEiE. 

(Plates IV. to XVII.) 

Genehal and Exteknal CnAUACTERS OP Diatomeje. — Testules or Frm^ 
tides. — Figure ; /rce, concatenated, and fixed Forms. — Varieties of Filaments 
and of Pedicels. — Aggregated Frustules. — ^The Diatomem, Diatomaccro, or 
CymbcUca), are unicellular organisms composed of two opposite plates or valves, 
generally convex, and of an interposed connecting third segment, forming 
together a miniature box of a silicious nature, enclosing a soft organic matter, 
rarely green, but usually yelltnvish or orango«-brown in colour. They inhabit 
either fresh, salt, or braclush water. 

They were reckoned by Ehrenberg among the BaeiUaria, and have in con- 
sccpience been sometimes described as silicious Bacillaria. 

Each individual Diatom enclosed in its silicious envelope is spoken of ns a 
fnistule, testule, frond, or bacillum, and in general phraseology os a ceU. 
The first term is that now most in use, whilst “ testule ” and ** bacillum ” 
arc words rarely employed, except in the works of Ehrenberg and of his im- 
mediate disciples. 

A rectangular or prismatic figure most widely obtains in this family ; and 
the angles of junction of the valves are ns a rule acute. Deeply notched 
fronds, like those in Desmidiere, e. g. Micrasterias and Euastrum, do not occur ; 
and the production of spines and tubercles on the valves, so common in that 
family, is rare among the Diatomcce. 
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Figure. — ^There is an immense diversity of figure among the frustiflcs, 
determined* chiefly by that of the opposed valves, but in some degree also by 
the amount of development of the interposed third segment or cingulum 
(XVI. 23, 24.) This last Mr. Ealfs considers an essential part of every 
frustule ; but l?rof. Smith states it to be a secondary, non-essential clement 
consequent on the growth of the organism, and specially developed in rela- 
tion to the process of self-division. When this cingulum or “ connecting 
membrane ” is much enlarged prior to fission, the figure as viewed on this 
side is considerably changed, and the appearance of a double frustule often 
occasioned. 

Not a few of the Diatomeai are much elongated and narrow, and from pre- 
senting a wand-like figure (IX. 148, 166, 174 ; X. 184, 185), suggested to 
Ehrenbcrg the term Bacillaria to designate the family. However, some 
species ai'e trapezoid, or square, or nearly so (X. 47, 21, 22), others round 
like piU-boxes (IX. 131, 181; X. 200, 204), whilst others again are 
almost globular or spheroid, owing to the great convexity of the valves. 
Several genera are boat- shaped, scaphoid, or navicular in figure (IX. 139, 
135 ; XII. 5, 6, 8, 48, 43) ; some are rather oval, egg-shaped, or ovoid ; 
many resemble thin flattened discs — ^are discoid (XI. 33, 35, 36, 39); 
many are wedge-shaped — cuneiform, or cuneate ; a few are triangular (XI. 
43, 45) ; lastly, some arc curved or twisted on themselves, and others assume 
in certain directions a sigmoid or an undulated figure (IX. 144, 145 ; XV. 11, 
22, 59, 60). Evenly-curved valves are said to be arcuate, such as those of 
Eunotla (TX. 165 ; XVI. 10, 18), and of some species of Cymhellu and 
Nitzschiay whilst the peculiarly- twisted valves of CawpylocUscus (XVII. 
517) are saddle-shaped. In CifmatojUeura, again, the surface of the valves is 
undulated, and when bent rather sharply at an angle on themselves, the 
valves become geniculate, as in Achrvanthidimn, 

As a rule the frustulcs of DiatomesB arc symmetrical, and consist of two 
equal and similar halves ; but exceptions to this arc found in the Achnanthese, 
Cocconeidae, and one or two other families (IX. 159). 

Another variety of frustules is described as winged or alatc, — the ala being 
a smooth expansion in the form of a margin (XIII. 5, 6, 7). The alee may 
arise from the margin, and are then said to be marginal, as in SurirelUiy or 
otherwise from the disc, as in Tryhlioviella, in which they are called submar- 
ginal. A further modification of the valves affecting the figure is exemplified in 
Nitzschia and Amphiprora, which have a longitudinal elevated ridge extending 
from one extremity to the other ; such ridges arc called keels, and the valves 
keeled or carinated. In the discoid forms two portions are commonly distin- 
guishable, viz. the disc and margin or rim (XT. 31, 35, 38), the one at times 
separated by a distinct line, and* often presenting different sculpturing from 
the other. The disc moreover exhibits occasionally at its centre a promi- 
nence or elevated thickness called an umbo or boss. In Eupodisem (XI. 41, 
42) tubular horns come off from the surface of the valves, and in Triceratium 
from the angles. 

The extremities of some species, e. g. in Nitzschia and PUurosigma, are 
extremely elongated, forming long, filiform, tubular processes ; and in Den- 
ticellay Biddulphia (II. 46, 48, 50), and lihizoselenia (Ehr.), short tubular 
processes and spines are produced from the surfaces and margins. These 
processes are commonly simple, but according to Ehrenherg are branched 
(ramose) in the genus last cited, and in Dicladia and Syndendrium, More- 
over, very singular hispid and sometimes bifid processes or styles have been 
noted on the valves of some species of Ghniothecium (Ehr.), recalling by 
their figure that of ♦he spines on the sporangia of many Desmidiem. Other 
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Diatoms, referred by Mr. Brightwoll {J, M, S, 1856, p. 106) to the genus Ckce- 
toceros, have highly developed spines on the valves, besides the two pairs of 
very long filifomi smooth or spinous horns springing from the frustules 
themselves, or from the interposed cingulum. Ceratauim is anftthor genus 
provided with a pair of long hom-like processes. 

Great variety of outline may prevail in a genus, so considerable indeed 
that an accurate definition is with difficulty laid down, the characteristics 
shading off tlirough several species, until at length the similarity to an as- 
sumed typical form is much ffiminished, whilst on the other hand an ap- 
proach is made towards the features of another genus. The like latitude of 
form prevails also with species, and gives rise to very numerous and fre- 
quently perplexing varieties. On this topic Prof. Smith remarks — “ While 
a typical outline of its fnistule is the general characteristic of a species, this 
outline may bo modified by the accidental circumstances which surround the 
embryo during its growth and the development of its silicious cpiderm ; then, 
any such aboiTation of form becomes stereotyped by the process of self-divi- 
sion of the fnistule, generating multitudes of others slightly deviating from 
the normal form.” It must not bo forgotten that the figure is greatly modified 
or entirely changed by the position of the valves, whether seen in face or on 
one side ; for each fnistule generally presents four planes or sides, and, unless 
regard be paid to tliis circumstance, one genus may be mistaken for another, 
or even each view be jjresumcd a distinct genus. Thus in the genera NavicuJa^ 
rinnularia (XII. 5, 6, 15, 18), and in many others, the frustules are on one 
aspect boat-shaped, but on the other oblong with truncated ends, or i)rismatic. 
In the genus Triceratium (XI. 43, 44), the differonco of figure is very re- 
markable according to the side viewed (as presently illustrated). It is there- 
fore necessary to examine a specimen on every aspect it presents : this can 
generally be effected by the accidental rolling over of fnistulos under inspec- 
tion, or can otherwise be brought about by a voiy slight sliding movement 
of the thin glass cover upon the slide under the microscope. 

Mr. Brightwoll thus describes and explains the transitions of form produced 
by a change in position of the frustules of the genus Tmceratmm {J, M, S. 
i. 248) ; — Tho normal view of the fnistule may be represented by a vertical 
section of a triangular prism. If the fnistule be placed upon one of its flat sides, 
wo look down upon its ridge and obtain iT front view of its two other sloping 
sides. If it be placed upon one of its ridges, wo have a front view of one of 
its fiat sides, gcnercilly broader than long, and of its smooth or transparent 
suture or connecting membrane. If the frustulc bo progressing tow’ards 
self-division, it is then often considerably longer than broad, and when nearly 
matured for separation presents the appearance of a double fnistule.” 

It would be in vain to attempt to describe all tho numerous forms assumed 
by tho members of this extensive family ; tho representations in the plates 
of this volume will convey the clearest notions of their diverse outline and 
markings (see Plates 4 to 17). Great difference unfortunately has existed re- 
specting the sides which should be esteemed primary and afford spcciffc«cha- 
ractcristics, and those which ehould bo held as only secondary; and the 
nomenclature of the surfaces has been equally a matter of dispute and uncer- 
tainty. Ehronberg employed the terms dorsuniy venter, and lateral surfaces 
or si^Us, but so loosely that they do not always indicate homologous portions. 
Thus ho has often called a convex surface the dorsum, simply from its convexity, 
and a concave one the venter, on account of its concavity. Kutzing attempted 
a more certain and scientific phraseology by calling those sides which have 
no central opening (umbilicus), but through which self-division occure, the 
primary sides, and the other two the secondary sides, further distinguishing 

n 
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the latter into a right and a left with reference to the fmstulo when lying on 
a primary*sido. The left side is often concave, and the right convex ; mostly, 
however, the two are alike. As a general rule the primary sides correspond 
with the. Xtfeera? surfaces^ and the secondary with the dor mm and venter in 
the terminology of Ehrenberg. Mr. Kalfs, in his papers in the Ann. JN^at. 
Hist., used the simple terms ^ front view ’ and ‘ side view^ corresponding 
respectively with Kiitzing’s names primary and secondary sides. The Ilev. 
W. Smith adopts this nomenclature as the most convenient for the English 
student, and uses the term ‘ front view ’ to denote the aspect of the fnistulo 
when the valvular suture (connecting membrane), or the line along which 
self-division takes place, is turned towards the observer, and the tenn ‘ side 
view^ when the centre of one valve is directed to the eye. He adds — 
“ Even these terms will require modification when applied to some of the 
more complex and irregular forms ; but in general their meaning will be 
sufficiently obvious.’’ 

It must happen, therefore, from this terminology, that at times a front 
view cannot be said to exist, viz. when the connecting membrane is obsolete 
and the opposed valves arc closely applied to each other, a suture alone in- 
dicating the line of jimction. 

In size the Diatomem vary very greatly; some individual frustules are 
cognizable by the naked eye, whilst others require the highest powers of 
the microscope to display them. Even among specimens of the same species 
great diversity of size prevails, — a peculiarity much determined by the cir- 
cumstances surrounding a fnistulc at the period of its development, and 
afterwards perpetuated through a long series of individuals multiplied by 
self-fission. 

The Diatomem exist under three chief forms, as — 1. Single isolated free 
frustules. 2. Frustules attached by a stalk, stipes, or pedicle. 3. Frustules 
coherent in chains, or aggregated together in ramose tufts by an interposed 
gelatinous substance. The third form is the consequence of incomplete fission, 
or of imperfect separation after fission. Incomplete fission and consequent 
concatenation are observed in BadUaria, Meridian, Hirnaniidmm, Melosira, 
Odontidium, Striatella, Fragilaria, &c, (IX. 131, 167, 171, 175, 176, 177); 
and the form of the chain or filament produced will bo determined by the 
figure of the individual frustules •composing it. For instance, if these bo 
rectangular, then the resulting chain (IX. 171, 172, 176 ; XIV. 2, 4, 6, 13) 
is straight, but if wedge-shaped, it is curved or spiral (IX. 177, 179 ; XII. 
21). The extent and degree of attachment of the adjoining frustules differ 
in different genera ; thus, in Badllaria it is very slight, itnd readily yields, 
allowing one segment to glide on another, or to separate from it, except at 
one point, yet at the same time possessing the po’wer of recovering itself. In 
Odontidium, Himantulium, Denticulu, and Meridion (IX. 177), the mutual 
adhesion of the several segments is stronger ; and after the oi)posed surfaces 
have been separated, future adhesion is not effected. In Fragilaria, the ad- 
herence is more tenacious. In Diatoma, Tahellaria, Qrammatophorg, Am- 
phitetras, &c. (II. 46 ; XI. 22, 52 ; XIV. 23), the frustules hang together by 
a sort of hinge inserted between adjoining angles in a zigzag fashion. In 
Isthmia, this hinge or* connecting link attains a greater magnitude, and, in 
fact, is double. In Podosira (II. 45) and in some species of Melosira a 
junction-process is developed from the centre of each frastulo in the chain. 
In other Melosirce and in Orthosira, the junction-surfaces arc toothed (den- 
tate), and thus hold the adjoining fmstules in firm union. In the instance 
of BidduJplda (II. 46, 48), the surfaces in union are curiously elongated at 
the angles into rounded or hom-like processes, whilst their convexity is 
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crowned several bristles or seta). Lastly, in Emwnygia (II. 43) the 
junction-surfaces arc so excavated, that when the frustules are conentonated n 
filament is formed, perforated by oval foramina. 

In not a few genera, as above mentioned, the attachment is"* at opposed 
angles, and a zigzag chain produced ; but in IstJimia (X. 183) it is peculiar 
in” being indiscriminately made at any part of the adjacent frustulc, and 
thereby produces an irregularly branched filament. 

The above examples will suffice to illustrate the characters and varieties 
of concatenation in the form of filaments, whether straight or spiral ; but it 
is necessary to add that the width of a filament “ equals the length of the 
frustulc or val ve measured along the suture or junction-line, and that the 
breadth of the valve denotes the thickness of the filament ” (Smith, Synops. 
ii. 6). In those instances in which fi^stules are connected together by a 
process or small isthmus acting as a sort of hinge, the concatenation cannot 
be ascribed to incomplete division only, for the existence of such a process is 
the result of a special formation which essentially corresponds with tho 
pedicle or stipes of fixed species. 

Numerous Diatomcae grow attached to foreign bodies by a stalk of variable 
length, and which, although generally simple, is sometimes compound by 
dividing and subdividing in a ramose manner. Even among tho recognized 
free Diatomese, such as Naviculu, Pinnularia, Niizschia, &c., specimens arc 
not unfrequcntly sce^ adherent by one ‘ extremity, about which they turn 
or bond tliemselvcs as on a hinge; however, in these instances such union 
is but temporary, and no connecting medium exists. In Synedra (X. 184), 
on tlic other hand, a bond of union occurs in the foim of a little gelatinous 
conical nodule, resembling very nearly tho hinge-like isthmus which binds to- 
gether the frustules of many genera in a sort of zigzag chain. By the process 
of self-division it also comes to pass that groups of Synedrw occur attached 
together by the same point, in a fan-like or a stellate form, as in S, radians, 
S. affinls, &c. In other species detachment after fission is too speedy to 
allow of this sort of combination, except of some two or four individuals. 
The fan-like collection of frustules is said to bo fiabellato, fan-like, or 
radiating ; and when the component members are curved, they and the bun- 
dles they form are described as arcuate. The nodule of attachment occurs 
in various degrees of development, and attains in this same genus Synedra to 
tlio dimensions of a pedicle — ex. in Synedra siiperha, and even to branch, 
as in Synedra fulyens and Synedra pulchelJa, 

AVhen a stipe branches, it does so normally in a dichotomous manner by 
the very circumstance of the process of self-di^dsion, each new individual 
produced by that act developing its own secondary pedicle, or pedicel. 

Tliis regulai* dichotomy is instanced in the genera Doryphora (XIV, 21 ), 
Cocconema (XIII. 10), and Qomphonema (XIII. 11). In Liemophora (XIII. 
20), and in one species of lihipidophora, viz. Rh, Dalmatica, an irregular 
brandling — essentially dichotomous, however — is met with, and is thus ex- 
plained by Prof. Smith : — In RhipidopJwra parndoxa and Rh, elongata, 
self- division is immediately followed by tho separation of tho half-now frus- 
tules and a dichotomy in the filamentous stipes, while in tho present genus 
the frustules remain for a time coherent, and continue dividing and mul- 
tiplying on the summit of the pedicel, which becomes elongated and incras- 
sated at each successive repetition of the process .... A branching, or rather 
longitudinal rupture, of the* pedicle takes place at irregular intervtds ; and the 
entire organism presents us with more or less complete flabella (fan-like 
clusters) on the summit of the branches, and imperfect flabella or single 
frustules irregularly scattered throughout the entire length of the pedicel.” 

V 2 
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The same authority has the following remark on the process of ramification : 
he says (1. 76), ‘‘ \^en self-division (/. e. of the finistules) is completed, the 
extension of the filament below the fiaistules is suspended, a joint or arti- 
culation -is formed at the base of the dividing fnistule, and each of the half- 
new finistules begins anew, in its progress towards special self- division, tho 
secretion of a new joint or intemode ; and a dichotomy is the result.” 

The occurrence of the double condition of union of fmstulos in a con- 
catenate manner and of attachment by a pedicle is illustrated in the genera 
Aehnanthes (X. 201, 202), Striatella (X. 203, 204), Rhahdonema (Xlll. 27), 
and Podosira (LI. 45). In Mehsira also, attached species occur; and Prof. 
Smith inclines to tho opinion that all filamentous Diatomeaj arc stipitate on 
their first production. In tho second stalked genus cited, viz. Striatella, tho 
stalk attains the highest development, but remains slender and unbranched. 
Between this most developed form and tho mere nodules of attachment in the 
genera Aehnanthes and Mehsira, every intermediate phase is oncoimtered. 
In any one species, however, there is no positive determinate length of tho 
stipes, for this varies according to the idiosyncrasy, vigour, and external con- 
ditions affecting tho organism; consequently characters derived from tho 
dimensions of the stems can have no specific value. 

There is a large section of Diatomem in which the frustules are diffused 
throughout a mucous or muco-gclatinous mass, rarely confusedly, but mostly 
in a definite manner, usually in thread- or tubo-like branches, which nor- 
mally ramify in a dichotomous fashion, and resemble on a minute scale the 
tufts formed by many large sca-wceds. This peculiar aggregation is the 
consequence of the large production and subsequent persistence of tho mucus 
which is thrown out when tho system of reproduction, whether by sporangia 
or by fission, takes place. Histologically, therefore, it is homologous with 
tho pedicles and connecting nodules or isthmi thrown out during the act of 
self-division, as also with tho mucous stratum, which still very often persists 
when that act is complete, around specimens of Cocconeis, ChcBtoceros, Melo~ 
sira, Fragilaina, Striatella, &c. 

The tissue thus composed of mucus and enclosed friistules constitutes what 
is called (from analogy with the large Alges and other Oyptogamic plants) 
tho froiul, and affects various shapes, in some measure characteristic of tho 
genera. ' Thus, in one of those so-called frondose Diatomcm, viz. DieJeieia 
(XV. 30, 31), it is membranous and leaf-like, and resembles a species of 
Ulva; in Mastofjloia, filiform with nipple-like expansions; in Encyonema 
(XIV. 22), Ilomceocladia (XIV. 37, 38, 47, 49), and Schizonema, filamentous 
and more or less branched ; in Golletonema sulycohcerens, globose. Again, when 
filamentous, the ramifications differ much in thickness and in expansion, and 
in the extent of adhesion betNveen the branches ; where those are long and 
slender they are called ‘ capillary,’ and where contiguous branches coalesce, 
they give rise to a submembranous condition. The degree and mode of 
division, the collection of tho branches into bundles (i. e. fiisciculi), or, on the 
contrary, their loose or diflPuso arrangement, supply useful characters in the 
distinction of species. Again, thp fronds differ in consistence, being in some 
genera or species more rigid, setaceous, or robust, in others softer, flaccid, 
and more delfcate : thdise opposite conditions furnish Prof. Smith with grounds 
for tho division of the genus Schizonema into two tribes. 

The disposition of the frustules within tho i]jucous investment supplies 
other important distinctions. Thus in DieJeieia it is irregular ; in Mastogloia 
each little frustule occupies ** tho summit of a little nipple-like cushion of 
gelatine ; ” in Berheleya (XIV. 34, 36) tho frustules are densely packed in 
the filaments; in Encyonema they occur mostly ‘‘in single file, except 
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towards the extremities, where they are somewhat crowded” within the 
distinctly tubular filaments, and enjoy a certain latitude of movenlcnt ; and, 
lastly, in Colktomma and Schizonema (X. 207, 208) they ^ arranged 
in one or ’ moro files according to the stage of growth, within loss per- 
fect tubes than in the genus last mentioned, and retained in situ by the 
mucus around. • 

Ehrenberg recognized this tribe of compound Diatomcm, and introduced it as 
one of the sections of his great family Bcmllariay under the name of iMcernata^ 
or Navkuloe with a double lorica. His acquaintance with the group was, how- 
ever, very imperfect, and he appears to have comprehended in it organisms 
quite foreign to it, and to have failed to give that precision to his classifi- 
cation of the included beings which could alone confer a high scientific value 
and permanence upon it. 

Of the Envelopes op the Frustules of Dtatomeje. — T7ie Silidous Shell or 
Tjorica ; its Divisions and Structural Composition, Marldngs, Stria?, Canali- 
cuU, Puncta, — Sufficient has been said of the mucous coat which at 
certain times, and always in certain genera, surrounds the frustules of 
Eiatomeae. The frustules themselves remain to bo described: they arc 
hollow variously-shaped cells having but one cavity — ^unicellular, and a 
siHcious outer wall, unafiectod by a red heat and by strong acids, which 
would corrode and dissolve every other substance belonging to a living being 
cxc9pt silex. This i^lex is stated not to polarize light, as docs the mincr^ 
silex not in combination with organic beings ; and the erroneous statement 
made by some authors, of the polarizing effect of some Diatomaceous shells 
is due to the circumstcyice, that they did not take care to thoroughly remove 
the organic carbonaceous matter with which the silex is in union in the 
frustules in question. 

The silex, besides being united with organic matter, deposited it may bo 
within a cellular tissue, is contaminated by iron, which Professor Franldand 
of Manchester states {Smith, Synops. p. xxi) ‘^exists in the state of a 
silicate or protoxide .... ‘‘and he attributes to its presence ” the broAvn colour 
which is assumed upon exposing the Diatoms to the influence of a moderate 
heat; the protoxide of iron, by the gradual absorption of oxygen, being 
converted into brown peroxide of iron, which assumes a redder tinge upon 
being more strongly heated.” 

The relative proportion of silica varies within considerable limits in different 
genera of Diatomoa). In several genera, perhaps in marine ones exclusively, 
it is very deficient, and the wall of the frustule is little more than homy, or it 
may bo oven flaccid, as for example in Dicldeia and Schizonema, The frustules 
of Frayilaria, Striatella, and Podosira arc less firmly siHcious than those of 
many others of the filamentous Diatomem. ‘In some genera (those, viz., 
which produce tubular processes) silex is deficient or absent from the pro- 
duced wall ; in Podosira this deficiency occurs at the apex of the valves, and 
in Prof. Smith’s opinion is probably intended “ to allow a free secretion of 
the mucus which unites the frustules and provides a pedicle for their attach- 
ment to the plant on which they grow, as it does not occur on the non- 
attached valve of the first- formed friistule. In the living state the absence 
of silex is not perceived ; but when the frustules hjfvo been macerated in 
acid, these portions of the valves appear os perforations, owing to the dis- 
appearance of the cell-membrane.” 

Tho frustules of the Diatomoae arc composed, as before stated, of two 
usually mosc or less convex valves, enclosing a single cavity, which becomes 
augmented by the growth of a third segment interposed between them, pro- 
duced preparatory to the process of self-division. Meneghini asserts that 
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the silicious shield or lorica is four-sided, and composed of four pieces or 
valves. Although this appears to be tho true stnictiire of some species, owing 
to tho ready^separation of tho connecting membrane into two portions, yet tho 
majority *offer no countenance to tho notion, tho connecting membrane 
forming a continuous oval or circular ring. In Triceratium, however, is an 
example of an even more pseudo-multiple composition ; for itS prismatic tri- 
angular frustule breaks up into “ two triangular plates or walls of silex 
forming the ends, and into three oblong rectangular pieces or bands forming 
the three sides, the latter usually dividing themselves into several elongated 
paralleliform pieces” «/. MjB* i. 248), 

Again, in several genera, doubtfully arranged by Ehrcnbcrg among the 
silicious Bacillaria, Dictyocha (XII. 62, 63) and Mesoceifia (XII. 71), the 
individuals are represented as composed of several segments united together. 
Each valve consists of a silicious lamina superposed on an organic soft 
lining (or primordial) membrane whicli immediately encloses the contents of 
tho cell. Xageli speaks of a mucilaginous 2 )elliclc on the inside of tho 
organic layer as a sort of third tunic ; and Xiitzing likewise discovers a thin 
stratum brought into view 'when recent fnistules arc dried, and particularly 
after heating them to redness, in the shape of an opake brownish stain, or 
of brown Hnes or points, extending not unfre(|uently over a considerable 
portion. To this supposed indeptmdent material its observer aj>j)lied the 
name ‘ cement,^ imagining it to bo tho connecting matter of the valves and 
of frustules when in union, and attributed its brown colour to the presence 
of iron. This presumed layer of cement we can regard as nothing more than 
tho stain produced by the oxidation of the salts of iron in chemical union 
with the silica, as Prof. Erankland has shown (p. 37). IIotTcvcr, Mcncgliini 
adopts the notion of this third envelope or cement,^ inasmuch as he observes 
it to be constant, without employing tho means used by Xiitzing to disiday 
it, not merely in the species enumerated by its discoverer, but in many 
others, and possibly in all (IL S, 1853, p. 361) : — ‘^ Eor to me (continues the 
same author) it api)ears to correspond with that fine membrane of the Ac7i~ 
nanthidia, which, according to Kutzing’s own observ^ation, is always visible 
whenever the two new individuals (iuto which every Diatom is resolved in 
its multiplication by deduplication) begin to separate. The lines and points 
supposed to belong to the subjacent shield belong very frecpiently to tliis kind 
of covering.” The analogy cxj)ressed in the (quotation just given, between 
tho ddicatc stratum — the ‘cement’ of Kiitzing, and the secretion poured 
out wdien self-division is proceeding, Ave cannot regard as correct ; for tliis 
latter is a special and usually not persistent coating, in all ])robability exuded 
through tlic fissures or pores uncovered by the silicious lamina, by the sub- 
jacent organic membrane, add is withal d5stroycd by the heat generally 
required to bring tho ‘ cement ’ into view, whereas the presumed coat is 
represented to be constant and also permanent both under tho oi)cration of 
fire and of acids. However, the belief in the existence of a vegetable mem- 
brane outside the silicious ci)idGrm gains ground ; for Mr. Shadbolt, in his 
presidential address before tlui Microscoincal Society, 1858 {T. M, S, 1858, 
p. 72), states it as the result of his rescai'chcs, that tho frustule of Arach- 
Tioidisms and of other forms consists of a silicious framework , over whicli is 
stretched a species of membrane, whether silicious or not he docs not presume 
to decide, but certainly pliant to a considerable extent, capable of being par- 
tially rolled up by mechanical agency without breaking, and elastic enough 
to return to its original position when the extraneous force is removed. 
“The structure noticed by Mr. Itopcr in Coseuwdisem lahyrinthus, and by 
myself in the more (?ommon species (7. radiaius and Triceratium faviis, I 
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believe to bo of precisely the same nature, and I am much mistaken if wo do 
not find it in many other species of the Diatomacea.” • 

In the accompanying part of the Journal {J. M. S. 1858, p. 162), Prof. 
Walkor-Amott refers with approval to this opinion of Mr. 8Mdbolt, and 
appends some most important remarks bearing on the presence or absence of 
this membrane in the determination of species. He observes that .There 
can bo no doubt that these discs (t. e. of ArcLchrioidiscus) have a homy 
vegetable outer covoi'ing, in addition to the silicious one, and that by too 
long boiling in acid, as is necessary for guano, the marks are much obli- 
terated or entirely removed. This, however, is not peculiar to the present 
genus, but may bo observed, more or less, in all Diatoms, although sometimes 
the vegetable pellicle is very thin and may bo removed by a few seconds* 
immersion in boiling nitric acid. It is this circumstance which gives a quite 
different appearance to the same species,* according as the preparation is 
made. Thus, in Actlnocyclus the vegetable epidermis is cellular, while the 
silicious part is striated like a Pleurosigma ; and when the vegetable part is 
removed, we often find nodules or knobs along the margin (forming, then, 
the genus Omjdialopelta), not previously visible. Those who describe Diatoms 
from slides are thus liable to commit great errors, and indeed no certainty can bo 
obtained, except by getting the recent or growing Diatom and examining it, 
Ist, after being immersed for a short time in cold acid, or simply washed in 
boiling water ; 2ndlj, after being boiled in acid for about half a minute, or a 
whole minute at most ; and 3rdly, after being boiled for a considerable time : 
wo shall then see that many of the supposed distinct species of authors aro 
the same, prepared in a different way. Of course, deposits or guanos can yield 
littlo or no information, although, when once a species has been determined 
by the way I have mdic 9 ,tbd,' we may bo able to refer forms occurring in 
guano or dcposijts to it with tolerable certainty.** 

Mr. Brightwell, speaking of the lorica or silicious epiderm of Triceratiunn, 
states that the v^ves aro resolvable into several distinct layers of silex, 
dividing like the thin divisions of talc, and frequently found of such exquisite 
delicacy as to be difficult of detection** {J, M, S. i. 248). The silicious lamina 
is generally looked upon as a production or secretion from the subjacent 
organic membrane, the true cell- wall. Niigcli {R. S, Reports, 1846, p. 220) 
says, ‘‘ it lies outside the membrane, and must be regarded, from analogy 
with all other similar structures, as an extra- cellular substance excreted from 
the cell and, as Mencghini (op. cit. p. 360) adds, “ in fact, anorganic mem- 
brane ought to exist, for the silica could not become solid except by crystal- 
lizing or depositing itself on some pre-existing substance.** Prof. Smith 
moreover states (A. N. U. 1851) that, apart from analogy, he has direct cyi- 
denco of the independence of the silicious coat, having in his possession 
numerous specimens of a Stauroneis (probably S. aspera, Kiitz.), in which the 
valves, after slight maceration of the frustules in acid, have, in part or wholly, 
become detached from the cell-membrane, leaving a scar on its walls bearing 
the distinct impression of the numerous and prominent valvular markings of 
this beautiful species. The same observer adds that he has in some cases 
noticed this organic membrane to contract around the cell- contents, upon the 
death of the cell. Again, the application of hydrofluoric acid, proposed by 
Prof. Bailey, to recent, and sometimes even to fossil shells, proves the same 
fact, by leaving a distinct internal flexible cell-membrane retaining the 
general form, after the dissolution of the silica by the acid. Further support, 
if nccdcd.is furnished by the phenomena of cell-division, in which the lining 
membrane takes the initiative, and is followed by the doubling-in of the 
external coat upon it. 
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Nevertheless, although a silicious layer be artificially separable from the 
underlying organic coat, the relation and union of the two are indeed 
very intimate : and in the case of the apparently inorganic external lamina, 
the sUex mfi^t be presumed to be deposited in some form of connective tissue, 
or, in other words, to permeate it. This opinion is advocated by Mene^iini, 
who adduces in its support the circumstance of the silicious shield of AcJi- 
TMnthidia being covered with a very delicate dilatable membrane, itself 
containing silica, as is proved by its sustaining unchanged the action of fire 
and acids.” This author goes on to suggest that “this permeation may 
occur cither in the wall of a simple cell, as is seen in the epidermal cells of 
many plants, or within minute colls, as in various plants and animals.” 

The surface of Diatomaceous frustules is generally very beautifully sculp- 
tured, and the markings assume the appearance of dots (puncta), stripes 
(striro), ribs (cost®), pinnules (pinh®) ; of fiirrows and fine lines ; of longi- 
tudinal, transverse and radiating bands ; of canals (canaliculi), and of cells 
or arcol®, whilst each and all these varieties present striking modiheations 
in number, relative distribution, and in degree of development. Again, two 
or more sorts of marldngs may occur together in the same individual ; and 
lastly, the entire fmstuie may be covered, or certain spots may be left 
unoccupied by them, in the form of bands, circular spaces, and the like. 

The preceding account of the coverings of a Diatomaceous frustulc make it 
clear that the ai)parent superficial markings, although chiefly due to tlic 
sculptuiing of the silicious ejndorm and* to its intemtil involutions, are still 
in some instances and in a certtiin degree dependent on the overlying film 
vegetable membrane which Mr. Shadbolt and others have shown to exist. 

lint, apart from this, modem research shows that puncta, lines, cost® and 
other markings are not the same in nature in all examples presenting them ; 
that in one case a circular point is a depression, in another an elevation, and 
in a third a mere thickening or condensation of silicious material. So 
of lines or cost®: some arc markings of the surface, and cither furrows, 
ridges or thickenings, or actual canals, whilst others are the result of invo- 
lutions or foldings of tlie internal coat or incomplete septa. 

Again, the fine lines or stri® of many frustules arc resolvable into rows of 
minute dots, as in Naviculu and Flenrosujma. When the stri® are more 
distinctly composed of rows of dots or puncta, they arc described as monili- 
form ; examples occur in Gomplwnema and PodoRphenia. 

Speaking of stri®, lines, and puncta generally. Prof. Smith (op, cit, i. 
p. xvii) confesses his belief that they arc all “ modifications in the- arrangement 
of the silex of the valve, arising from the mode of development peculiar in each 
case to the membrane with which the silex is combined ;” and, referring to 
the areolar or cellular-looking valves of Triceratium and of Isihmia especially, 
and to the recognized growth of organized beings by cells, ho arrives at the 
conviction that “ the valvular markings in every case arise from modifications 
of cellular tissue,” which forms, so to speak, the matrix of the silicious 
epiderm. No difficulty (he adds) presents itself to the supi)osition that the 
moniliform stri® of Epithemia, Navicula, and others, the circular markings of 
Coscimdiscus eccentriem, and the irregular star-like stnicture of Evpodiscus 
Argus, arc all modifications of cellular tissue ; and even in the cost® of Pin- 
nularia, and the unresolvable stri® of Eupodiscus sculptm and others, it is 
not difficult to conceive we have Confluent cells whose union gives rise to the 
appearance of lines or bands.” 

Great difference has existed, and even yet exists, in the interpretation of 
the exact nature of many superficial markings. Some circular dots or puncta 
arc held by certain observers to be pits, by others holes, and by others to be 
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elevations. So of stripes, costae, and pinnules : to some, such markings in 
spocial instances are ridges ; to others, furrows or fissures ; to others, ele- 
vations ; and to others again, canals. The ardent microscopical research of 
this period is daily diminishing the number of these enigma/, ^nd intro- 
ducing certainty in place of doubt and vague conjecture. To Ehrenberg’s 
apprehension, many puncta were real pores, and many strim or costae real 
fissures ; the former of these were supposed to give exit to a few or to multi- 
tudinous imaginary ^ pedal organs * for locomotion, the latter to servo for the 
pass^e of ova, and generally to bring the presumed internal animal organiza- 
tion into immediate relation with the external medium around it. 

Perhaps the discussion respecting the nature of apparent pdres has been 
most animated in the case of the genera NavicuUi and Pinnularuiy which 
present a large rounded spot at each extremity of the frustule and a central 
space knovTi as the umbilicus, with a tubular or canal-like band connecting 
them together (XII. 15, 21, 46 ; XVI. 1). From the umbilicus, Ehrenberg 
believed a single locomotive organ to proceed — an undivided sole-like foot, 
similar to the locomotive organ of snails, whilst he represented the terminal 
points to be orifices for the purposes of nutrition (IX. 134). Although 
denying the offices assigned them by the Berlin micrographer, Kutzing coin- 
cided with him in the belief of their being actual pores, and supposed that 
they give exit to a gelatinous substance, such as is actually feimd sur- 
rounding some Naviculxe, and becomes a prominent character in the tribe of 
Diatomoa) represented by ScMzonema^ Sch’lcidcn {Prhiciiyles of Botany , hy 
LanJeester, p. 594) speaks .of the longitudinal band as a cleft, and of the 
median and terminal sjDots as circular enlargements or thickened spots of 
silicious matter. Ho moreover appends an enlarged lateral view of a Pm- 
nulaYia (XVI. 2, 3, 4, 5), to prove that the seeming central orifice is simply 
a depression. This explanation of their nature coincides in the main with 
that ^ven by Prof. Smith, who asserts that tl\eso markings are due to a lon- 
^^itudinal band of condensed and more solid silex, widened into small expan- 
sions at the centre and extremities, or at the extremities only, and probably 
designed to give firmness to the valve. ‘‘ That these expansions (he adds) 
are not perforations in the valve, as alleged by Ehrenberg, and acquiesced in 
by Kiitzing, might be shown in various w^ays. The internal contents of the 
frustule never escape at such points when the frustule is subjected to pressure, 
but invariably at the shture or the extremities .... nor docs the valve when 

fractured show any disposition to break at the expansions of the central line, 
os Avould necessarily be the case were such points perforations, and not 
nodules. Moreover, the central band of silex is itself frequently traversed by 
a narrow line whicli arises from the confluence of a scries of cells, which 
thus form a minute tube ; but •this tube invariably ends in a rounded extre- 
mity at the central and terminal nodules, and does not pass into an opening 
or aperture in the valve ...... The bending down of this tube and the 

thickening downwaids of the silex at the nodules give the semblance of 
depressions to the surface of the valve at such places. But I am disposed to 
think that this is merely an optical appearance, and at all events assured 
that no perforation exists at such points, and that the tenns applied to these 
nodules by different authors, implying that they are openings or ostiola, are 
altogether inadmissible.” 

Examples of nodules at the centre and extremities are found in the 
genera Amphiprora, Pinnularm, Navicula (XII. 5, 6), and Oomphonema (XII. 
15, 21, 46j. In Staiiromh the central nodule is developed transversely, so 
as to form a smooth transverse band or “stauros” free from markings 
(XII. 7, 8, 18). A median longitudinal ridge or band exists in Navicula^ 
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StaurondSy &o., whilst in Amphiplmra (XIII. 1 , 2) two ridges arc noticeable, 
but whothbr these are of the same nature stmeturaUy is uncertain. In 
Doryphoray again, there is a median band, but no nodules distinguishable ; and 
in Euinx>tia and Himantidiurn the terminal nodules would seem exceptional in 
character, being due, as Prof. Smith supposes, ‘‘ to an inflection of the valves 
at the point of junction.” The rounded space in the centre of tho discoid 
valves of Actinocyclits (XI. 132) and Arachruyidiscus (XV. 18-21 )y which is 
devoid of areola, is designated by him a pseudo-nodule, in order, we presume, 
to contrast a mere baro space with the like smooth but condensed and thick- 
ened spots described as nodules. 

In this record of opinions, those of Siebold and NageK (J, M, S, i. 196) 
should not be omitted : — “ Precisely at tho spots (says tho former writer) at 
which Ehrenberg and others suppose they have seen six openings (i. e, three 
on each valve) in Navicula, the silicious ccll-mombrano is thickened, and con- 
sequently forms so many rounded eminences which project internally.” These 
views thus far tally with those of Prof. Smith and others ; however, a few 
lines further on in his essay, Siebold expresses the belief that the linos 
running along tho middle of tho surfaces from ono thickening to another 
“ are to be referred to a suture, fissure, or rather gap, in whi(;h no silicious 
matter is deposited, so that in these places tho delicate primordial membrane 
which lines the silicious shield can be brought into close relation with tho 
external world. I come to this conclusion from tho circumstance that it is 
exactly at these four sutures or fissures that tho water surrounding the 
Navicula is set in motion.” (See p. 50.) * 

Upon tho whole question of tho actual nature of the markings on tho 
surface of the silicious frustules, we arc hapi)y to add a paper published by 
Prof. Bailey (Sill. Joicm. ii. 349), which appears to aflbrd a satisfactory 
elucidation. We present it entire, with the practical notes on manipulation, 
so that our readers may undertake a critical examination for themselves : — 

“ I now offer proof which removes all doubt, and shows that these markings 
are neither apertures nor depressions, but are in reality the thickest parts of 
the shell. If the shells are jdaced in dilute hydrofluoric acid and watched 
by the aid of the microscope as they gradually dissolve, the thinnest parts of 
course dissolve first, and ^apertures, if any exist, should become enlarged. 
Now the very parts which have been called orifices bj some, and depressions 
by others, are the last of all to disaijpear as the shell is dissolved. Tliis mode 
of observation, besides establishing the fact that these ai’e the thickest parts 
of the shcU, reveal many interesting particulars of stinicture. Thus, in 
the large Pinnulai^ia, it may be seen, with even a low power, that tho two 
parallel bands (separated by a canal) which reach from the central knob to 
the terminal ones, and wdiich appear smooth 'before the application of acid, 
become distinctly striated after their surface is dissolved off, as does also tho 
central spot itself, showing that strise which existed in the young shell arc 
covered up and nearly obliterated^ by subsequent deposits. In Staurosira tho 
cross-band and the two longitudinal bands are the last to dissolve, and these 
last bands, as in most Diatoraacea, appear separated by what is cither a canal 
or thin portions of the shell. In (drammatophora the undulating lines are 
internal plates, which are the last to dissolve. In Ileliopeltay ActinoptychuSy 
&c., the polygonal central spot is tho last to disappear. In Isthmia, the spots 
on the surface, which at first appear like granular projections, are in reality 
thin portions of tho shell, and under the action of the acid they soon becomo 
holes. Tho acid also proves that the larger spots at the transverse bands are 
a scries of large arcuate holes in tho silicious shell, and tho piers of this 
series of arches remain some time after the rest of the shell has vanished. 



OF THE DIATOMEJE. 


43 


A few directions on tho mode of manipulation may bo useful. As the fumes 
of the hydrofluoric acid, if tlicy reach tho lenses, would greatly iifjuro them, 
it is ad^dsable to protect tho front face of tho objectives by temjyrarily con- 
necting to them a thin plate of mica by Canada balsam, as mica resists the 
action of hydrofluoric acid much better than glass. I prepare tho cell in 
which the solution is to take place by cementing a plato of mica to a glass 
slide, and then cover all its surface, except a central small disc, with wax. 
On this disc, which forms a cell, the shells are put with a dish of water, and 
after adding a drop or two of acid by means of a dropping-rod of silver or 
platinum, tho cell is covered with another plato of mica, and tho slide is then 
placed under tho microscope.” 

Some markings of tho surface, apparent only as stria) under inferior magni- 
fying- powers, arc in several genera resolvable, as before noticed (p. 40), into 
rows of rounded dots, e. g, in Pleurosiginci ; and in consequence such specimens 
have been employed to try the relative i)owors of microscopes, and are spoken 
of as ‘ test objects.’ But the powers of. microscopes have been more severely 
tested of late years, by the endeavour to ascertain whether such dots arc eleva- 
tions or depressions of the surface, and, as might bo expected, the dissension 
on this matter has c(]uallcd that respecting the central band and umbilicus. 

Dr. J. W. Griffith is in favour of their being depressions (7Voc. Hog, Soc, 
1855). He argues that, as the markings arc evidently depressions in the 
genera and species .with coarsely marked . valves &c.), we should 

expect from anidogy that tho same would apply to those with finer markings 
(those viz. in dispute, Ogrosignia, PUnrosigmay and others). And this view 
receives further support from tho fact that under varied methods of illumina- 
tion corresponding appearances arc presented by the markings when viewed 
by tho microscope — from those which arc very largo, as in Istlimta, through 
those of moderate and small size, as in tho species of Coseinodiscus, down to 
those in wliich they are extremely minute, for instance in Ggrosigma, 
&c. The angular (triangular or quadrangular) appearance assumed by tho 
markings arises from the light transmitted tlirough tho valves being un- 
e(|ually oblique; this may bo readily shown in tho more coarsely marked 
valves (IstJimia, Coschwdiscus), which present tho true structural appearance 
when the light is reflected by tho mirror in its ordinary position, and the 
simrious angular appearance wlien tho light is rendered obli(iuo by moving 
the mirror to one side.” Another statement is jmt forward by the same 
author in tho MicrograpMc Pictwnarg (Introduction, p. xxxiii) in support 
of his opinion, viz. that the lino of fracture of tho broken valves passes 
through tho rows of dots on tlie dark linos corresponding to them, showing 
that they arc thinner and weaker than the rest of tho substance. Had these dots 
represented elevations, the valves would havcf been stronger at these points.” 

The more i^rovalent opinion, however, is, that these delicate dots in rows 
arc elevations of the siufacc. Mr. Cr. Hunt (J, M, S. 1855, pp. 174-175) 
adduces an observation to demonstrate this fact. Ho found that on a speci- 
men of Pleuroslgma being moistened, the markings wore almost entirely 
obscured, but that on the application of a gcntlo heat tho moisture slowly 
retreated, leaving patches of tho shell dry, and with the markings as dis- 
tinct as before.” On observing these dry parts of thfe shell, they were seen to 
bo uniformly bounded by straight parallel to tho two directions of least 
distance of the dots. ‘‘ Now (continues Mr. Hunt), on the supposition of 
these little dots being elevations, the phenomenon appears to me easily ex- 
plicable on the principle of capillary attraction. We can readily conceive 
the moisture clinging from one dot to another ; and it would always have a 
tendency to arrange itself in lines parallel to the directions of least distance. 
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I am^ however, quite at a loss to imagine how the same principle would apply 
on the hypothesis that the dots are depressions, nor do 1 see upon what 
principle the phenomenon is explicable.” 

A dwet demonstration that the markings in general of the Diatomem are 
elevations is attempted by Mr. Wonham, whose knowledge of optics and prac- 
tical skill in mechanical manipulation are not exceeded by any microscopist 
of the present day (J- M, S. 1855, pp. 244-245). To quote his words— 
careful study of the coarser varieties will distinctly prove that the markings 
are raised ribs or prominences on the surfaces, in some instances on ono side 
of the shell only, as seen in the Campylodiseus spiralis and others. Though 
the microscope proves this fact satisfactorily in the largo species, it foils to do so 
in the most difficult specimens, chiefly on account of the above-named deceptive 
appearances, arising from the irregular refraction and reflection of light. It 
occurred to me that it might bo possible to obtain a perfect cast or impression 
of the structure ; and by viewing this as an opake object, the error, if arising 
from refraction, would bo avoided, and a discovery might be the reward of the 
experiment. I have succeeded in effecting this by means of the electrotype 
process, which for many reasons is to be preferred, as it does not distort the 
object, and is so minutely faithful that even the mere trace of organic matter, 
left by a slight fingcr-mai'k, is perfectly copied. The method I have adopted 
is this : — Procure a small plate of metal highly polished (a piece of daguerreo- 
typo plate answers extremely weU), and, after gently heating it, rub a piece 
of becs-wax over the suiface ; while this is still melted wipe it nearly all oif 
again with a piece of rag, so as to allow a very thin film to remain ; when 
the plate is cold, arrange the Diatomacca or other objects, previously moist- 
ened, upon the waxed surface, heat the plate again to at least 212°, in order 
to cement the objects on it. The wax serves a twofold purpose : first, its 
inteiposition prevents the jwssibility of a chemical union of the metallic 
deposit with the plate ; and secondly, the object is securely held thereto by 
its agency. The objects are now ready to receive a coating of copper. If 
the battery is in good working order, three or four hours will give a film 
sufficiently strong to bear removal ; when this Ls stripped off, if the process 
has been properly managed, the objects will be seen imbedded in its surface ; 
whether they are silicious or organic, they may be entirely dissolved out by 
boiling the cast in a test tube with a strong solution of caustic potash, and 
afterwards washing with distilled water ; the copper film may then be mounted 
in Canada balsam. By these means I have obtained distinct impressions of 
the markings of some of the more difficult Diatomacea, such as N, {Pleuro- 
sigma) Balticum, P. Hippocampus, &c,, leaving no doubt of their prominent 
nature.” (See Microscopic Cabinet, ed. 1832, chap. xvi. and xviii.) 

Besides the superficial markings explicable on the supposition of an invest- 
ing areolar membrane, and the sculpturing of the silicious cpiderm, there 
are others, dependent on stmctural modifications of the silicious laminse of 
the valves, and on inflections of these internally. Among the former are 
many of the stronger-marked costrn and pinnules of Ehrcnbcrg ; and among 
the latter are to be reckoned the imperfect partitions (‘septa’) seen in 
several genera, and those peculiar processes of the internal surface which 
Kutzing called ‘ vittce.^ fi^chleidcn described ‘ pinnules ’ to be clefts or fissures. 
“ In these spots (says he), the shield consists of two leaves lying one over the 
other; these leaves are penetrated by the small clefts, which, when both 
tho lamcUaQ touch each other, are somewhat broader, wliich explains the 
varying breadth of the clefts according to the alteration of the foci. Frag- 
ments in which this structure is clearly represented may be frequently obtained 
by crushing tho shield.” (XVI. 5, 6.) 
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Prof. Smith likewise describes inter-lamellar channel^; under the name of 
« canaliculi,^ hollowed out between the silicious epidenn and iiftemal cell- 
membrane, and apparently formed by waved flexures of the epidermal enve- 
lope They are very conspicuous in Epithemia hngicornis, and form 

distinctive characters in the genera SurireUa and Campylodiscus,'^ This 
observer also regards them* “ as minute canals which convey the nutri- 
mental fluid to the surface of the internal membrane,” this fluid entering 
them fix)m without through pores or Assures existing along the line of suture 
of the valves (p. 50). That these canals are not modifications of the cellular 
structure of the silicious epiderm is shown by the circumstance of the stri© 
passing uninterruptedly over the entire surface of the valves in some Epithemice, 

The cost® of Campylodiscus equally appear to be canaliculi, and are dis- 
posed in a radiate manner. In SurireUa and Tryhlionella these canals are 
usually parallel, wliilst in Mastogloia they take the form of loculi. 

Kiitzing assigned a special structure imd purpose to the markings ho 
called ‘ and used them in forming a subsection of Diatome® he called 

VittcitoR, The llev. Prof. Smith remarks that to him these markings do not 
seem special organs, but modifications in the outline of the valve, which is 
inflected. In Grammatophora (XI. 48, 49, 52, 51^) these inflections con- 
stitute a leading feature of the genus, and, from their resemblance to written 
characters, have suggested its name. In this instance they form incomplete 
septa. ^ 

The terms stri® and cost® or pinnules arc not synonymous. Stri® are 
the finer lines of slight breadth, which may look like narrow grooves or 
ridges, whilst cost® or pinnules arc the wider markings, having an evident 
double contour, and the appearance of fissures or canals. The fineness of 
some stri® is such that, as before noted, they may be readily overlooked ; 
however, their presence, when not positively demonstrable, may be assumed 
by the colours displayed on focusing dried specimens. An analogous fact 
presents itself in the case of mothcr-of-^carl, whi(;h owes its var3dng and 
beautiful colours to the existence of fine lines covering its surface. The 
colour varies in different species, and is duo to the refraction of the rays of 
light passing through the silicious epiderm ; its shades depend on the direction 
of the stri® and on their distance from each other ; its aid may therefore bo 
advantageous!}" evoked in th(^ determination of species. 

Stri® generally seem to be produced by the confluence of minute rounded 
points or beads — in other words, are commonly monUiform, and often extend, 
as products of an investing areolar tissue, over the entire surface of the valves, 
imlike those cost® which originate in structural peculiarities of the silicious 
plates. Hows of puncta occur in Nitzschia, and moniliform stri® in Naviculay 
Pleurosigma, Gonphonemay and Podospkenfa, To the confluence of the 
superficial cells, Mr. Smith attributes the production of the cost® of Pinww- 
lariu, whilst those of Achnanthes he looks upon as thickenings on the under 
surface of the silicious valves, and generally similar to those of Isthmia, which 
line the valves and anastomose on their under surface ; lastly, the stri® of 
lihahdoimna are constituted of scries of oblong cells. 

The value of the external markings of Diatome®, in* a systematic point of 
view, has been much discussed. Ehrenberg assumed the number of stri® 
or of cost® or pinnules to be constant in the same space in each species, and 
accordingly gives the number of stri® counted within a given fraction of a 
line. A great multitude of species was the consequence of this plan ; never- 
theless the mere fact of number of stri® within a given space cannot be esteemed 
a valid specific character by itself ; for it seems quite clear that the relative 
closeness of stri®, their number within the *001 of an inch, varies according 
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to the age and to the size of the valves, and both size and figure are consi- 
derably affceted by circumstances of growth, of locality, and the liko. A 
writer in the Microscopical Joiirruil (1855, p. 307) suggests that the number 
of striae on Vhe entire valve may supply a more stable character ; yet even 
on this point wo are wanting in direct observation to show that this number 
may not be affected by accidental circumstances. 

Although the relative distance of the striae and their greater or less dis- 
tinctness ” be accounted by Prof. Smith of specific importance, yet ho is 
obliged to admit {J, M, S, 1853, p. 133) that it is by no means certain that 
these features may not to a slight extent be modified by localities and ago, 
and is disposed to believe that they are certain guides only when wo have 
made allowance for these conditions, and that while they are constant in 
frustules originally from the same embryo, they may slightly vary in those 
W'hich owe their birth to different embryonic cells. It is also worthy of 
note that, in certain instances, e, g, in Odontulhmi hyemalis, Epithemia Arctis, 
&c., tile cost® are frequently more numerous on one valve than on the other. 

(3thcr illustrations of the variation in the number and in the distinctness 
of stria) in the same species are to be found in the late lamented Dr. Gregory’s 
valuable papers (T. M, S, 1855, p. 10). The relative position of strim — if 
parallel or radiate, their moiiiliform or confiuent character, their equal and 
general diffusion over tlio entire surface, or their absence at parts, are other 
circumstances available for the purposes of classification. 

Pesides striation, the other descriptions of supeificial m'arkings are resorted 
to for specific and generic characters. Such are the presence or absence of 
a median band, with central and terminal nodules, tlie existence of a trans- 
verse band, the figure, relative position and aggregation of the areola) or colls 
of the surface. The median and transverse bands have been employed by 
all systematists, and would seem well suited to furnish characteristics by their 
constancy. The same may bo said of the porc-liko spots or nodules. Kutzing 
went so far as to make the presence or absence of a central nodule or um- 
bilicus the turning-point in his grand division of the Diatomem into um- 
bilicated and non-umbilicated. 

Lastly, speaking generally, the precaution intimated by Prof. Walker- Amott 
(p.39),of having specimens, intended to be compared together for the determi- 
nation of specific forms^ similarly prepared, must over bo borne in mind where 
the superficial markings are referred to for characters; otherwise an excessive 
and erroneous multiplication of species, and a deplorable confusion will result. 

We have already seen that the connecting membrane is not an essential 
segment of a Diatomaceous frustulo, but an after-development in connexion 
with the process of self- division ; yet, notwithstanding, it is so frequently 
present, and in many examples, its dimensions, and characters are so marked, 
that it supplies an important element in specific and generic descriptions. 

In the circular and discoid Diatomcae, it assumes the form of a continuous 
ring (XI. 40, 42), but in many oblong and navicular frustules it is itself 
oblong or navicular, having a figure the reverse of the valves it is placed 
between (XII. 17, 24, 31 ; XIII. 5, 6, 7). In these latter and in other 
instances it is frequently separable into two portions, at the opposite extre-p 
mities of the frustules whore the silex is absent ; and hence it is that the 
shells of the Diatomcae have been described by Mencghini and other writers 
as composed of four segments. 

In general, the proportion of silex in its constitution is less than that iij 
the valves ; and the existence of markings— of areolae, striae, and fhe like— 
is also much rarer. Where they do occur, they furnish useful particulars 
in defining species and genera. The small development of the connecting 
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membrane in Pleurosigma is a remarkable feature of that genus, whilst in 
Gompho'iiema (XII. 28, 53), and other genera with cuncate (we(%e-shaped) 
frustulos, the figure ia duo to the greater development of this segment at one 
end than at the other. In AmpJdprora (XIII. 5, 6), Achnanth%s, Ilmianti^ 
dium (XII. 50, 62), and Mehsira, the connecting membrane is striated, and 
in liiddulphia (11. 48), Isthmia (X. 183), and Anvphiteiras (XI. 21, 22) ia 
. cellulate or arcolate. 

In certain genera the connecting membrane takes on an extraordinary 
development, which greatly modifies the figure of the frustulos. Instead of 
being limited to the interspace between the opposed valves, it extends on 
cither side beyond the sutures* (XII. 9), presents itself as a band of greater 
or less width, and acquires an unusual persistence. Under this form it con- 
stitutes the ‘ cingulum * of descriptive writers, and is seen in AmpJiitetras, 
Biddulpliia, Podosira, and Melosira, In the last two genera. Prof. Smith 
tells us, the persistence of this circular band is eminently conspicuous, 
retaining the frustulos after self-division in a geminate union until the self- 
dividing process is renewed.” 

CoT^TENTs OF PiiTJSTULEs. — NucUus^ mpposcd Digestive Sacs, Reproductive 
Vesicles, — The organic membrane of the frustulos of Diatomem, strength- 
ened externally by tlic silicious plates, encloses within its cell-like cavity a 
soft mucilaginous substance filled with numerous granules and globules, and 
usually of a yellow-brown or orange-brown colour, but at times of a 
green hue, and teclinically known as the ‘ endoclirome,^ or in Klitzing’s 
phraseology, the ‘ gonimic substance.^ The granular matter is particu- 
larly aggregated about the organic wall, leaving the central portion more 
clear. In this clear central space is a transparent vesicle, representing the 
nucleus of the ceU, having the granules frequently collected around it in an 
annular form. Niigeli states that the nucleus, enclosing a nucleolus, lies 
sometimes free in the centre of the fnistular cavity, but^at other times is 
affixed at one spot to the wall, and therefore ‘ parietal.' Ho also describes 
tw^o sorts of nuclei, viz. primary and secondary, attributing to the former the 
active part. Schleidcn represents the nucleus to bo primarily concerned in 
the original formation of the cell, as well as in its subsequent multiplication 
by self-division. , 

Among other elements of the cndochromc are more or fewer rather 
translucent globules, which Prof. Smith believes, like Kutzing, to bo secre- 
tions of the cell, of a fatty or oily composition, and to bo the source of the 
peculiar odour emitted on burning the Uiatomem. In support of this 
view Kutzing states that he has occasionally scon two coalesce, proving the 
absence of proper walls, and expresses his conviction that these coipusclbs 
arc akiu to the amylaceous secretions of the De^idicm and Confervae and the 
starch-granules of the higher vegetables. 

These globules are smaller than the nuclear space, and occupy a pretty 
constant and definite position. The number of these globules is frequently 
four, often placc^d near the extremities, or more rarely clustered round the 
central vesicle.” Meneghini {op, cit, R, S, p. 364), aUuding to these vesicles, 
states them to vary in number, size, and disposition at diferent stages, and 
according to various conditions, even under the eye of the observer. 

These apparent oil-globules were called by Elirenberg male sexual glands 
or testes, whilst those other vesicles distributed within the mucilaginous 
matter, often about the nucleus, were named stomachs. The latter idea he 
based especially on a series of experiments to introduce colouring matter 
into the interior of the frustulcs, in which he believed he succeeded. The 
species mentioned are Navicula gracilis, N, AmpJiishoena, N. viridula, N.fulva, 
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N. Nitzschii, N, Unceolata, and N. eapitata ; also Gomphonema truncatum, 
Cocconemcf cistula, Arthrodesmus quadricavdatuSy and Closterium acerosum. 
The two last, however, are Desmidiese. In the seven species of Navicula 
cnumcrat^^' from 4 to 20 little stomach-sacs are said to have become filled 
with the indigo employed as the colouring matter. 

“ This effect (as Mcneghini remarks) could only be produced by keeping.the 
Diatomese a long time in water laden with particles of indigo, and often re- 
newed.” Kutzing deduced an opposite conclusion from these experiments, 
that they were solid corpuscles which, being seated near an opening, 
exerted an especial attraction upon the colouring matter. Mcycn argued, 
so long, since as 1839 (Jahresbericht d, Akad. Berlin), against the supposed 
stomach-sacs and the entrance of colouring matter within them. His 
objections are thus expressed : — ‘‘ On the one hand, I ean see no stomach-sacs 
in the Naviculce, and never observed in the living and moving Badllaria tho 
colouring matter received at one extremity and carried towards tho centre, 
■where these stomach-sacs should lie, whilst among tho ciliated Infusoria 
such observations are easy ; on the other hand, it is not uncommon, especially 
in the larger species, to see the molecules of the colouring matter employed, 
lie upon the middle of the broad ventral surface, looking as if actually within 
the organism ; but if a glass plate be placed upon the specimen and then 
carefully removed, tho particles of colouring matter arc taken away with it.” 
Even Ehrenberg admitted that the presumed stomach-S£jcs varied in number, 
were quite irregular in their disposition in the interior, and not unfroqucntly 
wanting altogether. This last circumstance, Kutzing remarks, is opposed to 
the belief in their digestive functions, since such important organs os stomachs 
can never be supposed absent. 

Although tho existence of this fancifiil polygastric apparatus in the 
Diatomem is scarcely worth controverting, yet wo may add to the abovo 
objections to it the fact that, in the hands of other experimenters, tho 
attempt to introduce colouring matter by any definite apertures into tho 
frustuies of this family has been unsuccessful. 

The arrangement of the mucilaginous cndochrome, or rather of its pro- 
minent globules, vesicles, and granules, is sufficiently definite and constant 
in the sj^mc species to afford useful characteristics. Ai one time these 
molecules are diffused rather irregularly ; at another they are collected in a 
rounded heap towards the centre, whilst at another they are disposed in 
lines radiating from the nucleus, or formed in a layer upon tho cell- wall, — 
“ at all times ” (adds Prof. Smith) having one or several oily globules, 
which occupy in different species different positions, but are constant in 
number and position in the same species. The minute granules ” (he con- 
tinues, i. p. 20) “ are generally accumulated in thin layers towards the internal 
cell-walls : when the frustulc is so turned that this layer of cndochrome is 
presented edgeways to tho eye, the granules appear to be chiefly, aggregated 
into two plates applied to the opposita sides of the frustule ; and when self- 
division is in progress and the cell-contents are divided into two portions, 
such a separation or temporary aggregation must necessarily ensue ; but in 
the simplest condition of the frustulc the contents are diffiised over the entire 
surface of tho cell- walls, precisely as may be soon in the cells of many of the 
larger Algae, or of some water-plants of a higher order, as in the leaves of 
Ilydrocharis Morsus-rance and others.” 

Schultzc has recently represented {Mull, Archiv, 1858) a definite peculiar 
disposition of the endochrome — of its mucilaginous and granular portions and 
its* coloured corpuscles. In the more or less quadrate frustuies of Denticellay 
and in the circular ones of Coscinodiscus, be describes the existence of a central 
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dear voside, from which thin, finely granular lines or threads extend and 
intersect and branch in a reticulate manner, with a more or leds distinct 
radiation, the more fluid contents flowing between them. In the long cylin- 
drical fhistules of Rhizosolenia, on the contrary, these granular nmdlaginous 
thi-cads run longitudinally. Within these threads the colouring, yellowish- 
brown corpuscles, not circular, but, as Schultze says, irregularly multangular, 
arc disposed and retained in their position. Although these researches extend 
to so few forms, yet we are disposed to believe that this disposition of the 
elements of the endochrome will bo found to bo the rule. A regular arrange- 
ment is figured in many drawings of the Diatomeae by various observers ; 
and where it does not appear it is most probably due to the want of attention 
to its presence, — or to the excessive multiplication of the colouring corpuscles, 
causing them to appear spread beneath the envelopes as a pretty uniform 
layer. A definite disposition of the chlorophyll-granules is common in plants, 
particularly among the lower Algse, and owes its constancy to the presence 
of the mucous and less fluid contents, which are condensed from the sur- 
rounding fluid in the form of filmy threads, and servo as a nidus to the colour- 
ing particles. In this disposition, therefore, of the endochrome and its cor- 
puscles wo perceive a vegetable character, as contrasted with what is seen in 
animal cells, and find in it an additional argument for the vegetable nature 
of the Diatomeae. 

Notwithstanding that the endochrome is, by pretty general consent, ho- 
mologous with that of recognized vegetable Algae, stiU it would seem to be 
of a Afferent chemical composition as well as of another colour. Kiitzing, 
indeed, insisted on the fact of the similarity of the endochrome to the 
gonimic substance of Algas, from tho circumstance that, by means of alcohol, 
he was able to extract a colouring matter similar to chlorophyll ; yet Baben- 
horst and others have remarked a diflbrence in chemical nature. Prof. Smith 
again, whilst admitting the imperfection of our knowledge on this point, 
goes on to say that “ the tincture of iodine causes the internal membrane to 
contract upon the cell-contents, and converts these from the golden yellow 
which they exhibit in some species,- into bright green, and that a weak 
solution of sulphuric acid, while it effects the same contraction in the cell- 
wall, gives to the contents, which have been previously treated with iodine, 
a dark-brown hue : alcohol, on the other hand, as in the case of vegetable 
cells in general, dissolves the utricle and its contained endochrome, or at all 
events entirely removes their colour, and leaves their silicious epiderm in a 
state of perfect transparency. It does not, however, dissolve the envelope in 
which the frustules of the frondose forms aro imbedded, nor tho filamentous 
stipes or gelatinous cushions to which other species are attached.” 

Menoghini (ojp. cit, R, S. p. 365) contends that the identity in nature of 
the endochrome of Diatomeae and of Algae is not proved. ‘‘ Its colour is dif- 
ferent ; and it is differently coloured by chemical reagents. Tho resemblance 
to it in some instances, as in Melosira, in regard to conformation and suc- 
cessive alterations, is only in appearance. In the endochrome of Algae tho 
monogonimic substance begins by presenting a granular appearance ; then it 
becomes distinctly granulated and changes into the polygonimic substance, 
so minutely described by Kiitzing. But these changes do not occur in 
the coloured substance of Diatomeae. If we insist on a parallel, we can 
only compare it to the ciyptogonimic substance of Byssoidia, Callithamnia, 
Qriffithsiaj and Polysiphinia, It divides into two parts which successively 
undergo ulterior division ; and in regard to these changes we may observe 
that there is an essential distinction between those that occur during life and 
those that take place after death, tho greater number happening«in the latter 
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condition The identity of this substance with endochromc is contradicted 

by KUtziiig’s own experiments, which prove it to be very rich in 

nitrogen : ^t emits ammonia copiously when decomposed by heat ; and this 
can only .proceed from a substance abounding with it, which such a decom- 
position compels it to yield up. Nor, on the contrary, do I believe that there 
is any weight in the argument from the solubility of its colouring principle 
in alcohol ; for this is not aproperty peculiar to chlorophyll, or to any sub- 
stance of vegetable origin.” 

The contents of the frustules are brought into relation with the surround- 
ing medium through certain pores or fissures, which have been referred to as 
existing here and there along the sutures between the opposed valves, or 
otherwise between the valves and the interposed connecting membrane. The 
existence of such openings in the silicious envelope, and the consequent 
exposure of the organic internal or primordial membrane in the situations 
mentioned, have been demonstrated chiefly by the researches of Prof. Smith, 
who applies to them the name of * foramina.'^ They are thus described {op. 
dt, i. p. 15) : — ** Along the lino of suture in disciform or circular frustules, 
but more generally at the extremities of the valves only, when the Diatom is 
of an oblong, linear, or elongated form, there exist perforations in the silex 
which permit the surrounding water to have access to the surface of the 
internal cell-membrane. The formation of silex seems occasionally to be 
arrested in the neighbourhood of these spots ; and the connecting membrane 
is in consequence cither wholly or partially interrupted at such places. Thus, 
after the intenial ccU-membrano has been removed by acid, when it often 
happens that the valves fall away from the connecting membrane, the latter 
separates into two parts ; and the frustule has in consequence been described 
as consisting of four plates. The interruptions in the silicious epiderm are 
usually apparent as slight depressions at the extremities of the frustule ; and 
the appearances they present have been denominated ‘ puncta* by Mr. Italfs. 
In some species these intcrniptions arc more numerous, being found along 
the entire line of suture, and are often connected with minute canals hollowed 
out between the silicious epiderm and the internal cell-membrane, and ap- 
parently formed by waved flexures of the epidermal envelope.” The latter 
constitute the canaliculi heretofore spoken of (p. 45). 

Siebold regarded the longitudinal bands having a double outline, and ex- 
tending from the apparent dots or pores at either end of Navimlas to near the 
centre, to bo Assures ; but the account previously given proves this able man 
to have been mistaken on this point. Like Prof. Smith, however, he con- 
cluded that the internal membrane was imperforate, and that it served as 
the medium for the exosmosis and endosmosis attending the function of 
nutrition. 

Movements of the Diatomeje ; — their character and causes ; — Cilia ; — 
Circulation of Contents ; — Kespiration. — The peculiar movements noticed 
in many Diatomeae have attracted the observation of all microscopists, and 
have induced many, especially among the older observers, to receive it as 
evidence of their animal nature ; but even those who agree on this point 
are in no better accord among themselves respecting its cause than are those 
who refer these beings to the vegetable kingdom. 

The power of movement is not confined to those only which are free, but 
also to concatenate and to some fixed forms, e, g, Sgnedra, which move on their 
fixed extremity. There is considerable diversity both in the manner and extent 
of movement of different species; but in none is it exhibited <,in an ecpial 
degree to that seen in the spores of Alga). “ The motion,” says Prof. Smith, 
“ is of a peculiar kind, being generally a series of jerks producing a rectilinear 
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movomcnt in one direction, and a return upon nearly the same path, after a 
few moments* pause, by another series of isochronal impulsions, move- 
ment is evidently of a mechanical nature, produced by the operation of a force 
not depending upon the volition of the living organisms : an obsmclc in the 
path is not avoided, but pushed aside ; or, if it be sufficient to avert the 
onward course of the frustule, the latter is detained for a time equal to that 
which it would have occupied in its forwai*d progression, and then retires 
from the impediment as if it had accomplished its fiill course. There is cer- 
tainly no character of animality in the movement ; and the observer, familiar 
with tlie phenomena of life in the earlier stages of vegetable existence, is 
constrained to see a counterpart in the involuntary motions of the filaments 
of the OsciUatoricaD, or of the gemmiparous spores of the Fuci and Con- 
ferv©.’* 

This same view was taken by Morren in 1839 {pp, cit.), who says — The 
movement of the Bacillaria, however free it may be, is by no means so free 
and active as that of the spores of Alg®, which are plants, or, at least, parts 
of ijlants ; and the motion is no positive ground for the belief in their ani- 
mality.” 

Tho cause of the motion of the Diatome© has hitherto not been satisfacto- 
rily determined. To tho hypothesis of a snail-like expanding foot projecting 
from the central pore or umbilicus, advanced by Ehrcnberg, we have already 
alluded (p. 41); and si^ce no one original observer, in sjute of the best-directed 
efforts, has been able to detect the remotest evidence of such an organ, and 
as aU evidence goes to show that no actual perforations exist at the point 
indicated for its extrusion, it would be useless to raise any argument upon it. 
Tliis distinguished naturalist subsequently satisfied himself of the presence 
of other locomotive organs in a Naviada {Surirella gemniay XII. 3, 4), which 
he has thus described : — “ Instead of a snail-like expanding foot, long delicate 
threads projected, where tho ribs or transverse mai’kings of the shell joined 
the ribless lateral portions, and which the creature voluntarily drew in or 
extended. An animalcule ^ 24 for every two plates, 

or ninety-six in all ; and anteriorly, at its broad frontal portion, four were 
visible. Whether these organs were supernumerary, and existed along with 
cirrhi, &c., and with the flat snail-like foot which the rest of the Naviculce 
possess, could not be determined. Longitudinal clefts at tho broad side of tho 
shell were not present ; but as many as 96 lateral openings for the exit of the 
cirrhi wore perfectly distinct.” These ciliary processes were further stated 
to be actively vibratile, and to be retracted or extended at short periods. 

Prof. Smith has remarked on this appearance, that the presence of hairs 
apparently on all parts of the frustule may often bo detected, and that he has 
noticed them on nearly every ocoasion on which*he has gathered this species, 
but in no case has he been able to perceive any motion in such hairs ; and he 
therefore concludes that they are merely a parasitic growth, such as the 
mycelium of some Alg©. He has also seen similar appendages to* other Dia- 
tome©, but in every case devoid of motion. 

Tho notion of exsertile and retractile feet«has been renewed by M. Focke 
{CompUs Bend\ts, 1865, p. 167)j who attiibutes the movements of Navmda to 
such organs of a temporary land, which ho says passf through openings he 
has detected on the sides of the lorica. 

Nfigeli offered the following, and,, to Siebold’s mind, satisfactory, explana- 
tion of tho forward and backward movement, as well of many Desmidie© 
as of Diatomcffi {J. M. S, 1853, p. 195). “ Tho cells,” he writes, “ have no 

special organs for these movements. But as in consequence of their nutri- 
tive processes they both take in and give out fluid matters, the cells neces- 

E 2 
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sarily move when the attraction and the emission of the fluids is unequally 
distnhuted on parts of the surface, and is so active as to ovorcomo the 
resistance ^f the water. This motion, consequently, is observed more particu- 
larly in -those cells which, in consequence of their taper form, easily pass 
through the water ; those cells, moreover, move only in the direction of their 
long axis. If one half of a spindle-shaped or ellipsoidal cell chiefly or en- 
tirely admits material, the other half, on the contrary, giving it out, the cell 
moves towards the side where the admission takes place. But as in these 
cells both halves are physiologically and morphologically exactly alike, so it 
is that it is first the one and then the other half which admits or emits, and 
consequently the ceU moves sometimes in one, at other times in tho opposite 
direction.” 

In our apprehension, this mechanical interpretation of the phenomenon is 
not sufficient ; the alternate reception and discharge of fluid matters by each 
opposite half requires an effort of imagination, to conseive, unwarranted by 
analogy. We shall, however, presently see that Prof. Smith gives the pre- 
ference to this supposition, amid tho many conflicting fancies of authors and 
the obscurity of the question. 

Encouraged by apparent success in discovering cilia on the fronds of Des- 
midiese, Mr. Jabez Hogg searched for them on Biatomeoc, and tells us (/. M, S. 

1855, p. 235) that he has repeatedly satisfied himself that their motive power 
is derived from cilia arranged around openings at eitj^cr end, — ^in some also 
around the central openings, which, with those cilia at the ends, act as 
paddles or propellers. He, moreover, states his impression that the frustules 
have a degree of volition sufficient ‘‘ to move along and to steer their course ; 
for intervals of rest and motion are most •clearly to be distinguished.” To 
this belief in cilia on the fnistulcs of Diatoms, Mr. Wenham is as determined 
an opponent as he is to the like hypothesis respecting tho Desmidic® (./. M, S, 

1856, p. 159), and ho offers tho following speculations on the cause of tho 
movements : — If caused by the action of cilia, such extremely rapid impulses 
would be required to propel the comparatively large-body through the water, 
that surrounding particles would be jerked away far and wide ; a similar 
effect would be observed if tho propulsion were caused by the reaction of a jet 
of water, which, according to known laws of hydrodynamics, must neces- 
sarily be ejected with a rapidity sufficient to indicate the existence of tho 
current a long distance astern. I consider that there is no ground for 
assuming tho motions of the Diatomacese to be due to either of these causes. 
They are urged forward through a mass of sediment without displacing any 
other particles than those they immediately come in contact with, and quietly 
thrust aside heavy obstacles directly in their way, with a slow but decided 
mechanical power, apparently only to bo obtained from an abutment against 
a solid body. In studying the motions of the Diatomc®, I have frequently 
seen one get into a position such as to become either supported or jammed 
endways between two obstacles. In this case, particles in contact with tho 
sides are carried up and down from tho extreme ends with a jerking move- 
ment and a strango tendencyrio adherence, the Diatom seeming unwilling 
to part with the captured particle. Under these circumstances I have dis- 
tinctly perceived the tindulating movement of an exterior membrane ; whether 
this envelopes the whole surface of the silicious valves I am not afile to 
determine, nor do I know if the existenee of such a membrane has yet been 
recognized. The movement that I refer to occupied the place at the junction 
of the two valves, and is caused by the undulation of what is known as the 
< connoting membrane.* This will account for the progressive motion of 
the Diatome®, which is performed in a manner analogous to that of the 



OP THE DIATOMEA. 


53 


Gasteropoda. The primary cause, however, is different, and not dpe to any 
property of animal vitality, but arises, in my opinion, merely from the efiFocts 
of vegetable circulation. I have observed several corpuscles of ujiiform size 
travel to and fro apparently within the membrane, which is thus raised in 
waves by their. passage.” Mr. Wenham follows up this explanation by a 
conjecture with respect to the rarer movements of the Desmidiece. ‘^As 
there are in these,” he writes, no indications of either external orifices op 
cilia, may not their locomotion bo effected by the currents of protoplasm 
forcing their way between the primordial utricle and outer tunic, which will 
thus be raised in progressive waves if the investment happens to bo in a 
suitably elastic condition.” (See p. 5.) 

The undulating movement of an exterior membrane thus indicated by Mr. 
Wenham, over the surface of Diatomaceous frustules, is doubtless identical 
with the current demonstrated by Siobold by means of indigo {J, M, 8. 
i. pp. 196, 197). The latter states that the particles of this colouring matter 
which come in contact with the living Naviculce are set into a quivering 
motion, although previously quite motionless ; but this happens only along 
the lines of the four sutures, the particles adherent to other parts of the shield 
remaining motionless. ‘‘ The indigo particles, which are propelled from the 
terminal towards the two central eminences, are never observed to pass 
beyond the latter ; at this point there is always a quiet space, from which 
the particles of indigo* are again repelled in an inverse direction towards the 
extremities. This proves that the linear sutures, as may in fact be seen, 
do not extend over the central eminences of the shield. The current at these 
clefts is occasionally so strong, that proportionally large bodies are set in 
motion by it.” The sutures and clel^ alluded to by Siebold, it should be 
undei'stood, are not the sutures between the valves and connecting membrane, 
but the evident lines extending between the apparent pores on the valves, 
and which, to his apprehension, ai« actual fissures in the silicious envelope, 
by which ** the delicate primordial membrane which lines the silicious shield 
can be brought into close relation with the external world.” This belief in 
the presence of such fissures on the valves we have previously examined and 
shown to be unfounded. (See p. 41.) 

Prof. Smith has the following remarks on this debateable point of the 
cause of the motions of Diatomese (pjp, cit, vol. i. p. xxiii) : — Of the cause 
of these movements, I fear I can give but a very imperfect account. It 
appears certain that they do not arise from any external organs of motion. 
The more accurate instruments now in the hands of the observer have enabled 
him confidently to affirm that aU statements resting upon the revelations of 
more imperfect object-glasses, which have assigned motile cilia, or feet, to 
the Diatomaceous frustule, hav^ been foundeif upon illusion and mistake. 
Among the hundreds of species which I have examined in every stage of 
growth and phase of movement, aided by glasses which have never been 
surpassed for clearness and definition, I have never been able to detect any 
semblance of a motile organ ; nor have I, by colouring the fluid with 
carmine or indigo, been able to detect, in the coloured particles surrounding 
the Diatom, those rotatory movements which indicate, in the various species 
of true infrsorial animalcules, the presence of cilia. * I am constrained to 
believe that the movements of the DiatomaceaB are owing to forces operating 
within the frustule, and are probably connected with the endosmotic and 
exosmotic action of the cell. The fluids which are concerned in these 
actions must enter and be emitted through the minute foramina at the 
extremities of the silicious valves ; and it may easily be conceived that an 
exceedingly small quantity of water expelled through these minute aper- 
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turcs would be sufficient to produce movements in bodies of so little specific 
gravity. 

If tbe^motion be produced by the exosmose taking place alternately at one 
and the ‘other extremity, while endosmoso is proceeding at the other, an 
alternating movement would be the result in frustules of a linear form, — 
while in others of an elliptical or orbicular outline, in which foramina exist 
along the entire line of suture, the movements, if any, must be irregular, or 
slowly lateral. 

“ Such is precisely the case. The backward aUd forward movements of 
the Naviculece have been already described ; in Surirella and Gampylodiscus 
the motion never proceeds farther than a languid roll from one side to the 
other ; and in Gompho'iuma, in which a foramen, fulfilling the nutritive office, 
is found at the larger extremity only, the movement is a hardly perceptible 
advance in intermitted jerks in the direction of the narrow end. The subject 
is, however, one involved in much obscurity, and is probably destined to 
remain, for some time to come, among the mysteries of Nature, which baffle 
while they excite inquiry.” 

The last clause of this quotation expresses the unsatisfactory state of the 
question; yet the foregoing examination will, we think, leave only three 
hj^otheses deserving fisher inquiry: viz., 1. the existeuce of cilia, or, 2. of 
an undulating membrane ; and 3. the operation of endosmose and exosmoso, 
as a mechanical cause. To our apprehension, the presence of cilia, perhaps 
ranged only along the sutural lines, has not been completely disproved ; and, 
on the other hand, considered as locomotive organs, cUia have the great 
advantage of analogy over the presumed undulatory membrane. Do not, 
indeed, the experiments with indigo, recounted by Sicbold, suggest cilia to 
be the active agents of the movements recorded ? 

The rate of motion of the Diatomem is exceedingly languid and slow;; 
sometimes it amounts to no more than eKk oscillating movement, with little 
or no change of place ; and at anothci*, the backward and forward movements 
are so nearly equal, that the frustule makes no appreciable advance. Prof. 
Smith has measured the rate of motion of some species, and remarks that, 
however vivacious and rapid they may at first sight seem, yet, when con- 
sidered with reference to the high magnifying powers employed, and the 
consequent amplification of their movements, they are very slow. “ I have 
noted the movements of several species with the aid of an cye-piecc micro- 
meter and a seconds watch, and found that one of the most rapid, viz. Bacil- 
laria paradoxa, moved over -g^th of an inch in a second ; Phinularia radiosa, 
one of the slowest, over J^th of an inch in the same time ; and that the 
same period was occupied by Finnularia ohhyiga in traversing ^^j^n^th of an 
inch, Nitzschia linearis yg^o^h of an inch, and Fleurosigma striyosum ^^ ^^ -^th 
of an inch. Or, expressing the spaces and times by other units, we find that 
the most active required somewhat more than three minutes to accomplish 
movements whose sum would make one inch, and the slowest nearly an hour 
to perform the same feat.” 

Before quitting the subject of the movements of the Diatomece, we w'oiild 
briefly advert to the peculiar motion of some species, especially of BaciFaria 
paradoxa. The movements of this organism, as the specific name implies, 
are paradoxical, or very strange in character. Mr. Thwaites essayed to 
describe what indeed can bo rightly apprehended only by personal ob- 
servation, in the following words’ (Froc, of Linn. Soc. i. p. 311); — ‘‘When 
the filaments have been detached from the plants to which they adhere, a 
remarkable motion is seen to commence in them. The first indication of this 
consists in a slight movement of a terminal frustule, which begins to slide 
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lengthwise over its contiguous frustule ; the second , acts simultaneously in a 
sinular manner with regard to the third, and so on throughout *the wliole 
filament, — the samo action having been going on at the same tjme at both 
ends of tho filament, but in opposite directions. The central finistule thus 
appears to remain stationary, or nearly so, — while each of the others hiis 
moved with a rapidity increasing with its ^stance from the centre, its own 
rate of movement having been increased by the addition of that of tho inde- 
pendent movement of each fnistule between it and the .central one. This 
lateral elongation of the filament continues until tho point of contact between 
the contiguous fnistules is reduced to a very small portion of their length, 
when the filament is again contracted by the fnistules sliding back again as 
it were over each other ; and this changed direction of movement proceeding, 
the filament is again drawn out until the frustulos are again only slightly in 
contact. The direction of the movement is then again reversed, and con- 
tinues to alternate in opposite directions, tho time occupied in passing from 
tho elongation in one direction to the opposite being generally about 45 
seconds. If a filament while in motion be forcibly divided, the uninjured 
fnistules of each portion continue to move as before, proving that tho filament 
is a compound structure, notwithstanding that its frustulos move in unison. 
When the filament is elongated to its utmost extent, it is extremely rigid, and 
requires somo comparatively considerable force to bend it, the whole filament 
moving out of the way of any obstacle ratlier than bending or separating at tho 
joints. A higher temperature increases the rapidity of the movement.^’ 

To this account Prof. Smith appends these observations : — The motion 
here so accurately described is not essentially different from that noticeable 
in many of tho free species of Diatomcee, the peculiarity being that it is 
hero exhibited in numerous united fnistules ; when observed in a band of 
one hundred or more frustulos, tho singular appearances assumed by the 
filament under the action of so many individuals moving at one tiine in 
apparent concert, and another in opposition, never fail to excite astonish- 
ment.” 

Mr. Thwaites’s account conveys the impression that the movements are 
always regular : but this is not the case ; for Mr. Kalfs tells us, by letter, 
that both Dr. Bailey and himself have convinced themselves that they are 
at many times irregiilar. 

Dr. Donkin, in his description of a new species of Bacillaria he names B, 
cursorm (J. M, S, 1858, p. 27), has the following account of its singular move- 
ments : — “ When the filament is in a quiescent state, tho fnistules are all drawn 
up side by side, their extremities being all in a line, thus forming a group. 
When a filament previously at rest resumes its activity, the movement| is 
commenced by tho seco'iid or inner ftustule at (toe end of the filament gliding 
forward along the contiguous surface of the first or outer frustule until their 
opposite extremities overlap each other. This is soon followed by a similar 
movement of the third, fourth, and fifth, &c., all moving forward in the same 
direction, and each frustule gliding along the surface of the one preceding it, 
until they have extended themselves into a lengthened filament or chain. In 
the course of two or three seconds after this has been accomplished, a retrograde 
movement, exactly of the same character, begins to take place, and continues 
until the filament has retraced its course, and stretched itself out in a direction 
exactly opposite to tho position it had previously occupied. This phenomenon 
is repeated again and again ; and in this manner the whole group is kept in 
a state of activity for an indefinite period of time ; and all the while, if no 
impediment produces irregularity, the outer or terminal frustule, next to 
which the movement commenced, maintaim a stat%nary and fixed position. 
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“ The rapidity with, which each individual frastule moves is in direct ratio 
to its dist^ce from the terminal stationary frustule, being most rapid at the 
opposite or^moving extremity of the filament. On this account, most of the 
frastules^ while the filament is moving to and fro, cross a line drown at right 
angles to the middle of the long axis of the stationary frustule, at the same 
instant of time, afterwards shooting past each other like horses on a race- 
course. 

“ The force with which the filament moves is very great, so much so that 
I have observed it upset and shove aside a large frustule of A,, arenaria^ n. 
sp., at least six times its own bulk, obstructing its path. This force is, in a 
great measure, due to the rapidity with which the frustules move, — ^the time 
which a filament, even of considerable length, occupies in crossing the field 
of the microscope being only a few seconds. 

“ Light appears to be a necessary stimulus for the maintenance of this 
motion. When a filament in active motion is placed in the dark for a short 
period, and then examined, the movement is seen to have ceased, but again 
commences when the filament is exposed to the light for a short time. Is 
not this singular movement, with which the present species is endowed, a 
vital phenomenon, and independent of physical causes for its existence ? 

‘‘ When the moving extremity becomes entangled in any kind of substance 
intercepting its course, the opposite or stationary extremity commences ta 
move, and continues to do so until tho entangled extremity is set free ; 
sometimes, in such instances, a frustule in the centre remains fixed, a move- 
ment of each half of the filament in opposite directions, on either side of it, 
taking place. But all these irregularities cease as soon as the impediment 
has been got rid of. 

These facts lead to the conclusion that tho present species is a true BaciU 
lariay although apparently somewhat anomalous in the structure of its frustule. 
The gliding movement of one frustule over the contiguous one is the same as 
is observed in B, paradoxa ; but it differs from this latter species in this 
essential particular, that the whole of its * filament moves on one side of a 
terminal frustule which is stationary , — while, in B. paradoxa, each half of tho 
filament moves in opposite directio'ns on either side of a central stationary 
frustule.” 

The movement of one segment upon another is witnessed in other con- 
catenate species, but in a less degree, where tho medium of attachment is 
limited to a small space, as in those several genera having the alternate or 
opposite angles of their frustules connected by a link-like isthmus, e, g. 
^atoma, Fragilaria, Grammatophora, &c. 

Nutritive Functions; — Supposed Stomachs; — Circulation of Contents; — 
Respiration. — ^The nutrition of Diatomeae is provided for primarily by the 
endosmotic and exosmotic action going on through tho * foramina ’ in the 
silicious epiderm, whereby fluid material laden with the matters necessary 
to build up the various elements of tho endochromo is introduced into the 
organisms. 

On the first appearance of a frustule, the endochromc is homogeneous and 
granular ; but as time advances, granules are seen to congregate in certain 
ports, and globules or vesicles of various size speedily develope themselves, 
and either take up definite positions or are irregularly diffused. During 
these changes in tho contents — during, indeed, the entire life of the cell, 
under the influence of light, oxygen is given off, and the gases with which 
it was united in various chemical compounds are appropriated to the purposes 
of the economy. 

The very fact of the exfttence of the silicious epiderm, thrown off, it would 
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seem, as an exeretion from the organic membrane of the frustules, indicates 
the activity and energy of the nutritive functions, — a fact further demonstrated 
by the production of the * connecting membrane,’ and, in short, 1|f the whole 
process of reproduction, whether by self-division or by sporangia. .Hie silica 
present in the lorica must be taken up by the organism, in a state of solu- 
tion ; and although the quantity of silica dissolved in water is inconceivably 
small, it is nevertheless sufficient to supply the material for the construction 
of millions of Diatomaceous shells, even in a short time, as the phenomena 
of reproduction and the rapid appearance of these structures as an appre- 
ciable powder, or as a colouring matter in water, prove. ‘‘ It is probable,” says 
Dr. Gregory {J, M. S. 1855, p. 2), that as fast as the silex is extracted from 
the water by them, it is dissolved from the rocks or earths in contact with 
the water, so that the supply never fails and we may add, so that the 
quantity never accumulates beyond the very minute fractional portion chemists 
can detect. 

Ehrenberg’s untenable hypothesis of the presence of stomach-sacs and of an 
alimentary canal opening externally has received sufficient attention in the 
history already given (pp. 47, 48), of the nature of the contents of the Diatomem 
and of their investing lorica. Were other considerations needed, the absence 
at times of any such vesicles as Ehrenberg conceived to be gastric cells, their 
occasional coalescence, and the phenomenon of cyclosis or the circulation of 
the contents, each apd all subjects of direct observation, might be appealed 
to as proofs of the errors that great naturalist fell into respecting the internal 
organization of the Diatomeaa. 

The phenomenon of cyclosis has been observed by Nageli in a species of 
Navietda, and in one of Oallionella (Mehsira) (XV. 27), and by Prof. Smith 
in other Diatoms. This writer says (oj?. cit. i. p. xxi) — “ In 8urirella hiseriata 
tliis motion has been more especially apparent ; but I have also observed it 
take place in Nitzsckia scalaris and Campyhdiscus scalaris. This circulation 
has not, however, the regularity of movement so conspicuous in the Des- 
midieas, and is of too ambiguous a character to furnish data for any very certain 
conclusions, save one, viz. that the Diatom must bo a single ceU, and cannot 
contain a number of separate organs, such as have been alleged to occupy its 
interior, — since the endochrome moves freely from one portion of the fnistule 
to the other, approaching and receding from the central nucleus unimpeded 
by any intervening obstacle.” 

Schultzc, in his contribution on the movements within the frustules of 
Diatomem {Mull, Archiv, 1858), represents them to occur in and along the 
finely granular threads into which the less fluid mucilaginous portion of the 
endochrome is drawn out. Ho compares the movements in character to 
those of the ‘ variable processes ’ or pscudopOda of Rhizopodes, and thereby 
assimilates the mucilaginous films of Diatomaceous frustules with the soft 
Barcode of those simplest animalcules, — a similarity countenanced by the now 
well-known fact of an Amcebiform phase in the cycle of development of some 
of the lower Algae {vide section on Phytozoa). The cyclosis in plant-cells is 
no doubt rightly attributed to the operation of the vital processes of nutrition 
and of the so-called respiration, and primarily to the chemico-vital action 
proceeding by the medium of the chlorophyll-globules f and it seems most con- 
sonant with the teachings of science to assign the less active and less complete 
and regular internal movements of the Diatomeac also to the similar vital 
forces, — ^the coloured corpuscles, it may be, acting here likewise as the prime 
mover. Vo are aware that the nucleus has been represented to be the first 
source of the movements in plant-cells, since the current seems to flow from 
and to return to it in many cases ; but this phenomenon is explicable in 
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another 'V^ay, by admitting the disposition of the mucous threads as displayed 
by Schultze, extending as they do from the nucleus on all sides^ and serving 
at the samo^time to limit and to direct the movements taking place within 
and by them. We have not adverted to ciliary action as the cause, for ; so 
far as we can gather, Mr. Osbome and Mr. Jabez Hogg have foiled to impress 
many naturalists with the fact of its existence and operation in Diatoms. 

Lastly, Schultzo remarks that, to see the mucilaginous threads and the 
internal movements, living and fresh specimens are needed ; for they are soon 
arrested when the frustules are removed . from their natural habitats, and arc 
quite lost to vision when they become dry. Hence it is, no doubt, that no 
previous observer has detected and rightly apprehended the facts enunciated 
by Schultze. 

The so-called function of respiration is evinced in the fixing of the carbon 
of the carbonic acid and in the disengagement of oxygen gas ; but this is 
rather an act of nutrition, and resembles that silent and invisible disengage- 
ment of certain particles, and the rearrangement of others, which proceed in 
the formation and in the removal of worn-out tissues in higher animals. 

Multiplication, He production, and Development of DiATOME-ai. — ^Among 
the modes of reproduction of the Diatomeae, self- division has usually been 
accounted one, but erroneously so, since this process is no more than a mul- 
tiplication of an individual cell, and completely homologous with the process 
of cell-fission exhibited in the construction of animal and vegetable tissues 
in general. The peculiarity in the self-division of. the Diatomcce, i, e, among 
the free simple beings, is, that the division is followed by separation ; for 
each cell, instead of uniting with its neighbours in the formation of a tissue, 
commences an independent existence. Self-division in one direction, not 
followed by separation, produces the filamentary or concatenated Diatomeoc, 
whilst the abundant excretion of a mucus around the dividing frustules, and 
its persistence, give rise to the frondose genera, which make an approach 
towards the character of vegetable cellular tissue, — each cell, however, retain- 
ing an independent vitality greatly more pronounced than in the latter. 

The process of self-fission or deduplication in this family resembles in all 
cssenti^ particulars that in other vegetable cells (XV. 28, a, 6, c). Preparatory 
to its visible occurrence, or rather simultaneously with certain changes in the 
interior, the valves separate by the progressive growth of the connecting 
membrane. The nucleus within is observed to divide into two portions, each 
of which eventually becomes detached from the other, and, in Prof. Owen’s 
language, serves as a centre of spermatic force, and induces an aggregation 
of the granules of the endochrome about it. Wliilst tliis separation of the 
nucleus and of the general contents is going forward, the lining or primordial 
membrane of the cell becomcjJ doubled inwards in the entire circumference 
along the line of division, and advances gradually until it at length forms a 
complete septum, cutting the original single cell into two. This septum is 
actually double ; and in each lamina a deposit of silicious material speedily 
proceed, so as to produce two new valves, each opposed to, and immediately 
continuous around its circumference Avith, one of the two original valves. 
Thus, on the completion of this process of deduplication, two frustules result, 
awaiting only the final "act of separation to enter on an independent exist- 
ence and to repeat the like series of phenomena, and so on through a 
seemingly almost endless chain, to perpetuate the existence of the particular 
species or individual. (See Mcneghini’s account of the process and peculiari- 
ties of self-division in this class, in the examination of the arguments for the 
animality of the Diatomaccac, in a subsequent page.) The true nature, there- 
fore, of this process of self- division being an extension, not a renewal, of 
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individual life, has bdon justly represented by Mr. Thwaitcs as an act of 
gemmation, not of reproduction. 

In the course of self-division, in some instances at least, |i mucous or 
muco-gelatinous matter is thrown out around the frustules engaged. This 
circumstance did not escape the notice of Nageh ; and Prof. Smith (Synopsis, 
i. p. 62) has, after noting it in previous pages as"a common phenomenon in the 
family, thus referred to it in the genus Pleurosigma : — While self-division 
is actively going forward, the mucus generated by the dividing frustules is 
often so considerable as to produce the appearance and effect of a distinct 
frond, which assumes the form of a thin pellicle of some little tenacity. At 
other times, when the mucous secretion does not assume the continuity of a 
pellicle, it invests the individual frustulc with a transparent envelope, which 
has the appearance of an exterior membrane, and has been sometimes mis- . 
taken for such. On one occasion I also met with the frustules of P. Hippo- 
campus enclosed in mucous or gelatinous tubes, precisely like those of a 
Colhtonema ; but these condilions must be regarded, for the present ^at least, 
as temporary or accidental, and cannot bo admitted into the specific or generic • 
• descriptions.” 

The process of self-division -is affected in some unimportant particulars by 
the figure and habits of certain genera. Thus in one section of the Melosirece, 
the frustules of which have convex ends, Mr. Ralfs points out (A, N. H. 
xii. p. 347) that the central line is more strongly marked, and seems to 
divide the frustule into two e(]ual portions. It becomes broader, and at length 
double, and ultimately an intermediate growth separates the two halves of 
the frustule, which, during this process, do not increase in size ; but when 
the intermediate space is equal to the diameter of the original frustule, two 
new frustules are formed, by the addition of two hemispheres on the inner 
sides of the separated portions. The outer silicious covering still remaining, 
the fnistules arc connected in pairs, and appear like two globules within a 
joint, as they are characterized by Harvey in Melosira mimmuloides, and by 
Carmichael in M, glohifera. The above description belongs more particularly 
to M. nummuloides ; but the process in the other species of this section is the 
same : a scries of changes, nearly similar, occurs in Isthmia, 

“ In this genus,” the author quoted says, “ the mode of growth is very 
curious. As in most of the Hiatomca), the plant increases by a division of 
the frustules ; but in this genus, as also in Biddulphia and Amphitetras 
(and in the Achnanihece), two new fhistulcs are formed within the old one, 
and as they enlarge, nipturc it, when it falls off. In these the front portion 
is at first very naiTow, and merely a broad line, but it increases greatly in 
breadth until the new frustules are fully formed.” In this description and 
explanation the widening band or front portion mentioned is in fact the 
‘connecting membrane’ of Prof. Smith, which, in the genera named, has 
an extra development, “ an extension beyond the sutures of the valves,” and 
also an unusual persistence, retaining the two frustules together after self- 
division, in such a manner that they seem to be enclosed within an original 
single frustule, just as Mr. Rolfs describes. 

This longer persistence of the connecting membrane has been noted by 
Prof. Smith (A, N. H, 1851, p. 4), who writes — In some cases, by the 
new, or rather semi-new frustules proceeding immediately to repeat the 
prqpcss [of self-division], the connecting membrane is thrown off and disap- 
pears ; in others it remains for some time, linking the fnistules in pairs, as 
in Melosira and OdontellaP ' 

Another peculiarity, again, not imfrequently obtains in this process of self- 
fission, viz. a departure from the prevailing law of similarity w^hich exists 
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between the new valve and the parent one with which it is united in the 
newly-created fnistule. The newly-developed segment occasionally acquires 
slightly greater dimensions, — a fact best exMbited in the filamentous genera, 
since in them it gives rise to an evident irregularity in the chain, affecting its 
width. Yet, as Prof. Smith remarks (i. p. xxvi), “ This increase is so small, 
that in a filament of many hundred fnistules, the enlargement is scarcely 
appreciable. The rapid attenuation represented by some authors in the 
filaments of the FragilaricB must therefore be attributed to the deceptive 
appearance presented by a compressed band when slightly twisted, the sem- 
blance of attenuation being thus given to the portions which are presented 
in an oblique direction to the eye of the observer .... Starting from a single 
fnistule, it will be at once apparent, that if its valves remain unaltered in 
size, while the cell-membrane experiences repeated self-division, we shall 
have two frustules constantly retaining their original dimensions, four slightly 
increased, eight somewhat larger, and so on in a geometrical ratio, which 
win soqp present us with an innumerable multitude containing individuals in 
* every stage, but in which the larger sizes preponderate over the smaller ; and 
such are the circumstances ordinarily found to attend the presence of large 
numbers of these organisms.” 

Mr. Saifs has favoured us with the following remarks on this subject in 
letters. He writes (March 1856)— In a recent number of the Ann. Nat. 
Hist., Mr. Carter expresses his belief that the frustules of Diatomaceae gra- 
dually become smaller by division, and that it requires the 8j>orangial fnistule 
from time to time to keep them the proper size. This I cannot admit ; for 
any person who will take the trouble to watch a species of Gomphoneina 
from its first appearance in spring, as a scarcely visible fringe to aquatic 
plants, will observe not only increase of mass, but also enlargement of the 
frustules. If Mr. Carter is right, the filament in Fragilaria would bo very 
unequal : for instance, as the first-formed fnistule could not decrease, and as 
its segments after division would always form the two ends of the filament, 
they should be the largest, then the adjacent valves of the two central frustules 
of the filament the next largest, and so on.” In a subsequent letter the 
same distinguished authority writes : — “ I see that Prof. Smith, in his 
Synopsis, p. xxvi, takes the contrary view to Mr. Carter, and considers that 
the fnistules do not grow after they are fully formed, but that, in dividing, 
the new frustules may slightly increase in size. It is thus that he accounts 
" for the varying breadth of the bands in the filamentous species, and the 
diversity of size in the frustules of the free forms.” If he is correct, his 
opinion is still more adverse to Mr. Carter’s views respecting the frustules 
formed after self-division. But I doubt also the correctness of Mr. Smith’s 
views. He himself states that “ the enlargement is scarcely appreciable 
and yet we find a vast difference of size in the frustules of the same gather- 
ing. The filaments are so fragile in Frarjilaria, and even in Uimantidium, 
that it is very difficult to determine whether the frustules in the same fila- 
ment do differ much in size, and whether, if they do, the variations are alter- 
nating or irregular, as would be the case if cither Prof. Smith or Mr. Carter 
bo correct. 

The rate of productidh of specimens of Diatomom, even by this one pro- 
cess of simple self-division, is something really extraordinary. So soon as 
a fnistule is divided into two, each of the latter at once proceeds yith 
the act of self-division; so that, to use Prof. Smith’s approximative cal- 
culation of the possible rapidity of multiplication, supposing the process 
to occupy, in any single instance, twenty-four hours, wo should have, as 
the progeny of a single fnistule, the amazing number of one thousand 
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minions in a single month, — a circumstance which wiU in some degree explain 
the sudden, or at least rapid appearance of vast numbers of thei^o organisms 
in localities where they were, but a short time previously, either jinrecognized 
or only sparingly diflftised.” 

This multiplication by self-division now described, is generally supposed, 
after a time, so to speak, to exhaust itself, and thereby to render necessary 
other plans of propagating species. That, some other modes do reaUy exist 
is suggested by the fact of the considerable variations of size of frustules of 
the same species obtained at one time from the game locality, and moreover 
by diversities in the relative distance and in the delicacy of the strisc of the 
surface. One such mode of propagation Mr. Thwaites has demonstrated to 
consist in the production of sporangial frustules by a process of conjugation 
analogous to that in the DesmidicoB and many other Algoe. 

Conjugation. — ^The method of conjugation, although essentially alike in all 
cases, exhibits several important modifications in the genera of this family.* 
These were more or less clearly perceived by Mr. Thwaites, who spoke of them 
as exceptional varieties ; but to Mr. Smith belongs the credit of reducing all 
of them under four principal forms: viz., 1. That in which two parent frustules 
produce two sporangia by conjugation, as inEpithemia,Cocconenia,Gomjplwnema, 
Encyonevna, and CoUetonema. 2. Two parent frustules generate a single spo- 
rangium, e. g. in Hiniantidium, 3. “ The valves (vol. ii. p. xii) of a single 
frustule separate, the contents set free rapidly increase in bulk, and finally 
become condensed into a single sporangium. This may be seen in Cocconm, 
Cychtella, Melosira, Orthosira, and ScJiizonema, 

** In Melosira nummuloides, M» Borrerii, and M. mhjleanlis, the second valve 
of the conjugating frustule is rarely found united to the mucus surrounding 
the sporangium, tlie conjugation taking place only in the last frustule of the 
filament ; but in Melosira varians and Orthosira orichaUea, conjugation taking 
place throughout the entire filament, both valves are usually found adherent 
to the sporangium or its surrounding mucus. 

IVom a single frustule, as in the last method, two sporangia are produced 
in the process of conjugation : this takes place in Achnanihe^ and Rhal)^nema'^ 

In describing the process as generally as possible, we cannot do better than 
follow Mr. Thwaites’s account, although it Ls illustrated by an example taken 
from the first category of variations. “For the most part,” he tells us, 
“ conjugation in the Diatomem, as in the Desmidiem, consists in the union 
of the endochrome of two approximated fronds,— this mixed cndochrome 
developing around itself a proper membrane, and thus becoming converted 
into the sporangium. In a very early stage of - the process, the conjugated 
frustules, as in Eunotia turgida, have their concave surfaces in nearly close 
apposition (XI. 1), and from each of these surfaces two protuberances arise, 
which meet two similar ones in the opposite fhistulc (XE. 3) ; these protu- 
berances indicate the future channels of communication by which the endo- 
chromo of the two frustules becomes united, as weU as the spot where is 
subsequently developed the double sporangium, or rather the two sporangia. 
A front view of two frustules at the same peri(^ shows each of them to have 
divided longitudinally into two halves (XI. 4), which, though some distance 
apart, are still held together by a very delicate membrane : this, however, 
soon disappears. 

“ The mixed endochrome occurs, at first, as two irregular masses between 
the connected frustules ; but these masses shortly become covered, each with 
a smootl^ cylindrical membrane, — ^the young sporangia, which gradually 
increase in length (XI. 5, 6), retaining nearly a cylmdrical form (XI. 7), 
until they far exceed in dimension the parent frustules, and at length, when 
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mature, become, like them, transversely striated upon the surface (XI. ’8).' 
Around the whole structure a considerable quantity of mucus has, during 
this time, been developed, by which the empty frustules arc held attached to 
the sporangia (XI. 5-8).” 

The variations in the process arc aUuded to in the following extracts from 
the same eminent obsei-ver’s papers : — “ In different genera, slight variations 
are met with in the method of conjugation : thus, in some species of 6rowi- 
phonmna the sporangia lie in a direction parallel to the empty fnistules, 
instead of across them, as. described in Euiiotia turgida. Again, there arc 
examples (in Ooinjdionema minutissimum and Eragilaria pectinalis) where, 
instead of the conjugated frustules separating into two halves, only a slit 
appears at one end, to serve for the escape of the endochromo. Instead also 
of the pair of conjugated frustules producing between them two sporangia, 
they may developc but a single one, as happens in Fragilaria pectinalis. In 
*this species, too, the sporangium, at first cylindiical, soon assumes a flattened, 
somewhat quadrangular form, and in many cases undergoes fissiparous divi- 
sion before it has put on the exact appearance of the frustule of a Fragilaria, 

‘‘The Melosirece {Oallionellce, Ehr.) and the Biddulpliice,’* Mr. Thwaites 
remarks, “ would seem, in their development of sporangia, to offer an excep- 
tion to most Diatomeae ; for in those genera no evident conjugation has been 
seen. Howev-er, something analogous to it must take place ; for, excepting 
the mixture of endochromes of two cells, the phcnomQna are of precisely 
similar character. Thus, instead of the conjugation of two frustules (XV. 
29, o, 5, c, (7, 32, 33), a change takes place in the endochrome of a single 
frustule, — that is, a disturbance of its previous arrangement, a moving 
towards the centre of the frustule, and a rapid increase in its quantity: 
subsequently to this it becomes a sporangium ; and out of this are developed 
sporangial frustules, as in the other Biatomeoe. In a single cell, therefore, 
a process physiologically precisely similar to that occurring between two 
conjugating cells takes place ; and it is not difficult to believe, taking into 
view the secondary character of cell-membrane, that the two kinds of endo- 
chrome may be developed at the opposite ends of one frustule, as easily as in 
two contiguous frustules, and give rise fo the same phenomena as ordinary 
conjugation.” 

Further j in his notes on Schizonema subcoheerens, Mr. Thwaites writes, — 
“ The sporangia of this species arc produced by the conjugation of a pair of 
frustules outside the filaments ; but sporangial frustules are frequently found 
in a filament intermixed with ordinary frustules, from which they differ only 
in size.^ 

Dr. Griffith and Mr. Carter, moreover, have poii;rayed peculiarities in 
the conjugating process, which ‘Prof. Smith can neither explain nor confirm, 
and is equally unable to reduce under either of the leading variations ho has 
defined. The first-named naturalist stated that in the conjugation of a 
species of Navicula (amphirhynclius ?) a silicious sheath enveloped the spo- 
rangial frustule, indestructible by heat and nitric acid. “ It is,” he writes, 
“ colourless, elongate, rounded at the ends, and furnished with coarse trans- 
verse strise or depressions, through which the line of fracture rims when the 
object is crushed.” This account seems to Prof. Smith erroneous ; and he 
suggests that this sheath “ may probably have been an appearance resulting 
from the condensation and corrugation of the mucus developed around the 
reproductive body.” This conclusion Dr. Griffiths declares untenable, since 
no kind of mucus will resist the action of a red heat and nitric twid. The 
specimen examined was, besides, not an isolated one, but hundreds such were 
present ” {A, N. H, xvi. 92). 
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Prof. Smith thus alludos to Mr. Carter’s views : — ^e circumstance 
dwelt upon hy Mr. Carter as having an important bearing upon tfie rationale 
of the process, viz. that one of the conjugating frustules is invarigibly smaller 
than the other, is altogether at variance with my experience, and. is totally 
irreconcilable with the process as it occurs in the genera mentioned under 
the third and fourth classes. 1 am therefore disposed to believe that the 
difference in size noticed by Mr. Carter was a mere accidental diversity, and 
of no essential signification.” 

The four typical modes of conjugation established by Prof. Smith have 
their occurrence thus explained (^Synojps. ii. p. xiii) : — Tlie functions of 
life and growth are not suspended during the act of .conjugation ; and 
in consequence self-division may take place at any stage of the process 
which accompanies the formation of the reproductive body, or the latter 
process may intrude upon, or arrest any step in the progress of self-divi- 
sion. 

“ In the first mode of conjugation, as occurring in Epiiliemia^ &c., self- 
division may be regarded as in the earliest stage of its progress, which merely 
involves the separation of the endochrome of the parent frustules into two 
portions, but does not include such a differentiation of these portions as 
renders them capable of the conjugative act : the endochrome cai)able of 
conjugating with these segregated portions must be sought for in other 
frustules ; hence the process in these genera involves the presence of two 
parent frustules, an^ results in the production of two sporangia. 

“In the second mode, met with in Hmumtidium, the progress of separa- 
tion is arrested at a still earlier stage ; no differentiation has taken place, 
and conjugation intervening, necessitates the union of the entire contents of 
two parent frustules to form a single sporangium. 

“ In the third mode, the progress of the separation of the endochrome in 
the parent fnistulc must be considered as so far advanced that complete 
differentiation has taken place. In every respect but the formation of new 
valves, self-division has been completed ; the incomplete frustules arc there- 
fore prepared for conjugation, which, intervening at this stage, loads the 
observer to believe that but one frustule has been concerned in the produc- 
tion of the single sporangium. This we see in Mtlosira and the other genera 
mentioned under this class. 

“ And lastly, self-division occurring during the progress of conjugation, 
the endochrome becomes segregated in the very act of intermingling, and a 
single frustule, whose contents have been already differentiated, gives nse to 
two sporangia, as in Achnanthes and lUuihdonema, 

“ Nor is the self-dividing disposition in all cases permanently arrested by 
the complete fonnation of the sporangium. Having assumed the form of the 
parent frustules, with a great increase in size (the enlargement in dimen- 
sions being in some cases due to the accumulation of the contents of the two 
conjugating frustules, and in others to a rapid assimilation of nutritive 
material from the surrounding medium), the sporangial frustule immediately 
submits to self-division, and by the repetition of this act dcvelopes a scries 
of frustules equal in size to the original product of the conjugating process. 
This is notably the case in the filamentous species; as may be easily seen 
in Melosira, in Orthosira, and in Himantidium, How far this self-division 
may be carried in the sporangial frustules is at present unknown ; it is pro- 
bably of short duration, as we rarely meet with any considerable number of 
frustules characterized by the enlarged size of the sporangial form. In most 
cases an arrest of growth, and consequently of self-division, seems imme- 
diately to follow the complete formation of the sporangia, and the reproduc- 
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five body assumes the quiescent character which belong to ' the seed of tho 
higher plaAt, its vital function remaining dormant until circumstances favour 
its ^rther 4evelopment and tho production of tho young frustules of which 
it is the destined parent. 

** In the gathering of Cocconema Cistula made in April 1852, which con- 
tained numerous instances of tho conjugating process, I observed the frequent 
occurrence of cysts enclosing minute bodies, variable in their number and 
size, and many of which had tho outline and markings of the surrounding 
forms, and were obviously young frustules of the Cocconema, It would appear 
from the figures [appended to this account], that the production of the young 
frustules is preceded by the separation and throwing off of the silicious valves 
of tho sporangium, and the constriction or enlargement of its primordial 
utricle, according to the number of young frustules originating in its pro- 
toplasmic contents. In this gathering, forms of every size intermediate 
between the minutest frustule in the cyst and the ordinary frustules engaged 
in the conjugating process were easily to be detected ; and the conclusion 
was inevitable, that the cysts and their contents were sporangia of the species 
with which they were associated, and indicated the several stages of the re- 
productivc'process.” 

Since the preceding account of conjugation was written, a valuable, although 
not a very lucid, contribution on the subject has appeared by Dr. Hofmeister, 
in the Kepgrts of the Saxony Natural History Society for 1857, and has been 
translated by Prof. Hcnfrey in tho A, N, II, for January 1858. From this 
we extract tho following as supplementary to the previously- written history 
of the conjugation -process and of self-fission, as well of the Desmidiem (p.ll) 
as of tho Diatomea) : — 

“ Conjugation is far more rarely met with in the Diatomeae than in tho 
Desmidieac. It appears that this process occurs hero only at particular 
epochs, differing according to the seasons, happening simultaneously in all 
individuals, and quickly completed. Frequently as indications of conjugation 
having taken place have been met with (the occurrence of individuals of the 
same species, of remarkable diversity of size, side by side, in free Diatomeae, 
e, g. Pinnularia viridis, Surirella hijrons, Staurosigma lacustre, all the year 
round, besides the occurrence of shorter or longer rows of cells of about 
double the diameter, in the bands, of tho forms remaining connected by the 
lateral surfaces, e, g, Mehsira, Podosira), yet it has seldom happened that 
they have been met with in the moment of conjugation. 

“ Since the classic researches of Thwaites upon this subject, the knowledge 
of it has on the whole been but little advanced by the observations of Focke 
(conjugation of Surirella), Griffith (conjugation of Navicula), W. Smith and 
Carter (conjugation of Coccone^s, Cymhella, Amphora). Tho following cases 
have been observed ; — Formation of a single conjugation-cell, dividing very 
soon after its origin ; in Himantidium pectorale, Cymhella Kiitzingiana, Gocco- 
nets Pediculus, Cocconeis Placentula, Gomphonema lanceolatum^ Schizonema 
Orevillii, Orthosira orichahea, 0. Diciciei, remarkable from the repeated throw- 
ing-off of the coats of tho conjugation-cell, the cracked halves of which clothed 
the conical ends of the conjugation-cell in shape of funnels ; Orthosira ua- 
rians, Surirella hifrovm, and a Navicula not specifically determined. Hero 
belongs also the only conjugation of a Diatomacean that I have seen, that of 
Cyclotella operculata, conjugation-cells of which, with adherent empty coats 
of the mother-cells, I found abundantly in ditches of a marshy meadow not 
far from Leipsic, in October 1852. They wore not distinguish^bl^^ any 
essential respect from the Cyclotella Kiitzingiana figured by Thwaites. 

** Next to these cases of the formation in tho first place of only one conju- 
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gation-cell, come a series of observations in which two new cells «were seen 
between the empty conjugated mother-cells, without any convincing evidence 
being offered of a division of the mother-cells having occurred just before 
conjugation, as in the cases hereafter to be mentioned, — ^whero, rather, the 
position of the empty cells in relation to the conjugation- cells, and the affinity 
of the forms in question to some in which the entire development has been 
observed, render it probable that the unicellular condition of the conjugation- 
cell has hitherto escaped observation. In this group arc to be counted (7oc- 
coneina lanceointum, C. Cistula., Oomplionema dlchotomum, G. lanceolntmn, G. 
marimim, Achnanthes longipes, Rhahdonema aremtum, Colletonema suhcolmrens. 

‘‘ In a smaller number of Diatomeae, species of the genera so nearly allied 
together, Epithemia, CymheUa^ and Amphora, the conjugation is immediately 
preceded by a division of the raothcr-celLs into two, analogous to the division 
of the cells of Closterium rostratum when about to conjugate. This division 
is longitudinal, taking place exactly as in the vegetative division in CymheUa 
Pediculm, Amphora ovalis, and EpitJiemia Sorew, but transverse and in a 
dire(}tion crossing that of the vegetative division in Eplthemia turyida, E, yibha, 
and E. verrucosa. 

lleccnt observations show distinctly that the conjugation of the'Diatomem 
agrees in all essential points with that of the Desmidiem. When a cell is 
about to conjugate, there is produced in it a coat round the entire contents, 
accurately lining the old membrane, but not adhering to it. The growth of 
this coat cracks the old cell-membrane exactly in the same way as occurs in 
vegetative divi.sion. Prom the fissure the young, smooth coat emerges, in the 
fonn of a vesicle, and unites with the similar structure produced by a neigh- 
bouring cell. Al. Braun thought it must be assumed, from Thwaites’s obser- 
vations, that the primordial utricles of the two conjugating Diatomean cells 
united ; but that this is not the case, and that a soft and flexible cell-mem- 
brane, protnided from the cracked, rigid, old shell, encloses the contents 
destined to be blended with those of the neighbouring cell, is distinctly shown 
by Smith's figure of Ehabdonema arcuatum, and Carter's of Cocconeis PedU 
cuius and Amphora ovalis. The introductory part of the conjugation is dis- 
tinguished in no respect from the vegetative cell-division in Epithemia Sorex, 
Amphora ovalis and Cymhella Pediculus, and, further, in Closterium rostratum ; 
in Epithemia turyida, yibba, and verrucosa, only by a different position of the 
wall dividing the mother-cell ; in the rest of the Diatomem and Desmidiem, by 
omission of the formation of septa, — frequently, also, by one-sided dehiscence 
of the cracked mother-cell, whose shells remain still connected at one side. 

“ Thwaites's observations established that the cell produced from the conju- 
gation of two cells of a Diatomacean, very soon, after its origin, assumed the 
fom of the mother-cell, becoming distinguishable from it almost solely by 
being twice as large. Smith has endeavoured to render it probable that the 
colonies of young individuals, enclosed in a cyst, of Cocconeis Cistula, Corn- 
phonema dichotomum, and Sy nedra radians, some of which he found associated 
with conjugated, full-grown individuals, must have originated from the divi- 
sion of the spores (sporanges of English authors). This hypothesis has much 
in its favour, but, in the present condition of our knowlcylgo, it is inexplicable 
where the siheious shells of the spore-cells remain. However this may be, 
there is no doubt of the occurrence of cysts of this kind. In the same pools 
of a marshy meadow which repeatedly furnished me with conjugated indivi- 
duals of Cyclotella late in autumn, I found, in early spring of two successive 
years, globular cells, each of which enclosed a great number (32 to 40) of 
small individuals of the same species. The walls of these cells appeared 
shaiTply defined internally and externally ; the contents of a thin, fluid nature. 
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Stracturc^ similar to those represented by Smith, of Syrmlra radiaiis, occurred 
in extreme abundance in the end of the autumn of 1854, in company with 
Synedra Uhm, Here the cells, which, like those observed by Smith in the 
allied species, had a diseased aspect and an abnormal arrangement of the 
coloured contents, were imbedded in a granular jelly, of a reddish colour by 
transmitted light. I very much doubt whether these last Averc in a condition 
capable of further development ; while in reference to the cysts of Cydotella 
ojperculata, I share Smith’s opinion. 

“ The establishment of the assertion that the commencement of conjugation 
in the Desmidiete and Diatoniem is hut little distinguished from the com- 
mencement of vegetative cell-dhasion, renders some discuLssion of tlic latter 
requisite. Tringslieim has already directed attention to the resemblance of 
this process in the Dcsinidieoc to the vegetative cell-multiplication of the 
joints of (Edoyoulum. In fact, it is an absolutely general i)heiiomenon in the 
true Desmidieie, so far as observation reaches, that the older parts of the 
membrane of a cell about to divide, do not, as in other cases (for example, 
in Zygnemeaj), -regularly increase in size with the parent-cell by growth in 
all directions ; but the older, outer layers of the integument split open with 
an annular crack at the equator of the cell, shortly after (or during?) the 
division. They still remain sticking on, covering the ends of the cell willi a 
thicik envelope, but become removed gradually further aj)art hy the intei*po- 
sition of new cellulose between their fractured edges. The intcry)osed new 
coat is tlic direct continuation of that which lines the inteimal surface of the 
cracked halves of the old shell. It is the margins of the half-sludls which 
constitute the rings, parallel to the end-surfaces, upon the cylindrical lateral 
surfaces of the cells of l/yaiotheca dissilietis and .//. nmcom, the wrinkled pro- 
jections of the membrane in the middle of the deep constriction of the cell of 
Micrai^terms and the largo Ettmfray of the flat constriction of the cell of 
JDocidiifm, as also the ring at the equator of the external surface of Closte- 
rintn : in Closterhim and in Docidhim^ frequently as many as six may bo 
counted, — a phenomenon which, in Docidlum trumatum and the large Clos- 
teria, may be recognized at first sight as de])endcnt upon a number of halves 
of cra(;ked cells regularly encasing their successors. 

“ The dehiscence of the coat of the dividing cell is, in all observed cases, 
preceded by the fonnation of the septum dividing the cell into two halves 
{Cosriutrium waryardiforuni). The giudual development of this from the 
margin of the cel I- wall inwards, as a gradually-widening annular fold of the 
innennost layer of the integument, has not yet been obseiwcd, and, from 
analog}^ with the processes in (Edoyonmm, is scarcely probable. Hut, as in 
(Edogonhim, the contents of^ tho cell may be contracted, before the formation 
of the septum, into two mtisses, in contacl, but soi)arated by a sharp line 
of demarcation (two contracted daughter- cel Is imperfectly cut off from one 
another, still adhering together at the jdace of constriction). 

“ IVom the half-shells of cells of the same Dochihi'in which dehisced under 
the eye of the observer, emerged, within hall-an-hour, to the extent of ^th or 
^th of the length of the half-shells, the daughter- cells, still intimately con- 
nected at the point /)f contact. They could henceforth be perceived to be 
enclosed by a cellulose coat, firm although dehcate. Treated with reagents 
strongly extracting water, such as glycerine, one or both of the extruded 
l)iccos frc(|iu‘ntly drew back into the halves of the shells of the mothcjr-cell, 
the projecting i)ic‘ccs of membrane becoming doubled inwuirds. The just- 
emerged coats of the daughter- cells of Docidium did not take* a blue colour 
when treated with iodized chloride of zinc, wldle the old halves of the mem- 
brane of the divided cell assumed the blue colour immediately. 
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‘‘ In Cosniarium margaritife^'um and Staurastrum dejectum, it may be easily 
observed that a slight elongation of the isthmus, and the fonnation of a septum 
passing across the middle of this, precede the appearance of new half-cells 
in the deep constriction. It is after the appearance of the septum that the 
old wall of the mother-cell breaks by an annular fissure exactly at the place 
where thiit septum is fonned. The two halves of the old cell- coat are then 
separated by the bulgingrout of the younger, inner layers of membrane, not 
firmly adlicrent to the old portions. The now halves are at fu’st lined only 
by protruded portions of the pellicle of their contents (outermost layer of 
th(} parietal coats of protoplasm) belonging to the older half-cells ; from the 
moment only of the dehiscence of the old cell-coat, docs a portion of the 
granular contents of the older cell-halves make its way into the new emerging 
halves. 

In like manner, doubtless, occurs the cell-division of Micrasteruis, of the 
largo forms of EuaMrum, Cosmariamy Stauraatrum, and other Desmidiem, 
only that they have not been observed completely, because these larger Des- 
midicoQ very seldom multiply by division out of their natural stations. The 
cell-division of the Diatomem that have hitherto been obserx^ed in vegetative 
multiplication, ditfers in essential points from that just described. 

When a coll of Navicu/a (Phiniilarid) viridis is about to divide, there 
appears upon one of the secondary sides (front view of English authors), 
parallel to the primaiy sides (the furrowed faces of the coll having an elon- 
gated ellipti(ial outline), an annular rim, Avhi(di, growing gradually inwards, 
constricts the contents of the cell by an annular furrow, in a manner exactly 
similar to that of the commencement of cross-division in a cell of Chidophora, 
When a cell in this state is treated with substances producing slight endos- 
mosis (for instance, a weak solution of carbonate of ammonia), the contents 
retract on both sides from the annidar i*im, and constitute two completely 
separate cell-like structures (halves of a primordial utricle), each of a very 
long elUpstridal form, and each lying close against one of the primary sides 
{faces of halves) of the cell. When the annular rim has grown inwards to 
about the sixth part of the shortest diameter of the cell, its development is 
arrested. In natiu'al conditions, this stage is succeeded by the retraction of 
the primordial utncle from it. Each of these halves of the cell-contents 
becomes clothed, on the side turned away from the primary side of the coll, 
with a new membrane, which soon exhibits the first indications of the i)ccu- 
liar thickening ribs and nodules of one of the primaiy sides of our Plnnularia. 
The cell has now completed its division. Seen from one of the secondary 
sides, it contains two ncAv individuals, equal to the mother- cell in length and 
breadth, but only possessing one- third of its thickness. The externally- 
situated primary side of each of ’them is the old* primary side of the mother- 
cell, to which wo must imagine the newly- formed membrane of the daughter- 
cell closely adherent at all iioints. Porhaj)s the narrow secondary sides of 
the new cells may be in the same condition. But the contiguous primary 
sides of the daughter- cells are totally new structures, which, developed rapidly, 
in a short time become similar to the old primary sides in every part. The 
two daughter- cells arc at first held together by the brojid middle piece of the 
secondaiy sides of the mother-cell, bearing the above-mentioned annular rim 
inside. The contents of the intermediate space consist of a transparent fluid 
destitute of any solid structures, doubtless pure water. The two daughter- 
cells arc finally set free by the gradual ' weathering ’ of the zone -membrane 
which holds* them together. The division of Surirella hifrons takes place 
exactly in the same way. An essentially similar kind of vegetative multipli- 
cation is widely diffused, if not general, in the Diatomese. The well-known 
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08 


GUNEEAL IllSTOIlY OE THE TNFrsOTlIA. 


plienomci^on of the formation of a tubular membrane, often impregnated with 
silex, and elegantly dotted or arcolatcd, connecting the two segments of 
Isthmia, Melosiray &c., depends iqjon the same process. 

“ An analogous case is met with in the fonnation of the spores of Pellia 
epipliylla. The mother- cell hero produces ‘six ridges of cellulose projecting 
inward from the internal wall, iiitei’seeting at an angle of 00® ; these lidges 
grow^ in toward the middle point of the cell, like the annular ridge of Cla- 
thphora at the commencement of cell-division. When these projecting ridges 
have attained the breadth of a fourth part of the transverse diameter of the 
mother-cell, the cell-contents divide into four parts, which, retracting from 
one another and from those ridges, occupy the four chambers of the cell, ea(h 
of which is vaulted externally and bounded laterally by three of the ridges, — 
here becoming coated with a membrane and developed into a spore, while the 
tetrahedral space in the middle of the cell, bounded by th(‘ six ridges, remains 
filled only with w^atcry fluid. The spores become free by the solution of the 
enveloping part of the membrane of the mother- cell. The resemblance of 
this process to the vegetative midtiplication of Navicula consists in the’ inter- 
ruption of the division of the coll by tlie fonnation of septa, and the subse- 
quent completion of the daughter- cells by secretion of membrane on the 
external surface of contracted portions of the contents of the mother-cell. 
A deviation occurs in the circumstance that in PellUt tluj segment of the coat 
of the mother-cell w hich is in contact with the external wiriacio of the daughtcr- 
ccll becomes dissolved, while in N(tvkiila it pci-sists and remains most inti- 
mately connected wdth the daughter-cell. 

“ The newly-fomicd paris of the cell-coat facing together in the division 
are, in the Diatomeue, and still more clearly in the Desmidieiu, perfectly smooth 
and even for sonic time after their production ; it is subsequently that they 
obtain the often vciy considerable tubercles and spines, consisting i)rincipally 
of cellulose. The same applies to the processes upon the outer integument of the 
spores of Eimsfra, Cosmarm and Staurasfra produced in the conjugation. These 
])hcnomcna, as also the autumnal secretion of jelly by many of the Desmidieac, 
deserve more notice than they have hitherto attracted in connexion with the 
theory of the life of the vegetable cell. Still more remarkable behaviour is 
displayed by the ccdl-coat of an organism which I refer only doubtfully to 
the Desmidieac. In many pools about Leipsic, in wdiich Desmidieae abounded, 
occiuTed large, accurately spherical, thick-w'allcd cells, some as much tis *05 
millim. in diameter, rich in chlorojdiyll, wdiicli not only lined tlie internal Avail 
as a connected granular layer, but — as in many Desmidieac — formed groups, 
distributed, in the inteidor of the cell, in a system of radially -arranged plates, 
Avhich i)rcscnted a stcdlatc appearance when seen from tlie side. It Avould 
be no great stretch of imagination to regard these cells as the conjugation - 
spores of a large Desmidiean. But these spores are all spiny, wdth the single 
exception of those of Xanthidium armaiiim. This veiy striking form occurs 
but rarely Avith us, having hitherto been found only in a single locality, Avhile 
these globules arc as common as they are abundant, and arc often found in 
great numbers in forest pools, A\diich harbour, in addition to them, only \’cry 
small Desmidieffi. l^it such a supposition is still more decidedly negatived 
by the circumstance that the cells in question are sometimes found dividing 
into tAvo. This renders it in the highest degree probable that they are inde- 
pendent organisms — Desmidieae Avithout a central constriction, Avhich may 
form the commencement of a series of forms terminating in Micrasterius, 

** These cells frequently appear surrounded by a Avider coat, inside which the 
cell then floats freely, enclosed by its oAvn closely-investing coat. Several 
such empty coats are often met Avith, cA’en as many as six sticking one inside 
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another. Close investigation shows that the broader empty coat^ have an 
orifice, towards the border of which the membrane grows gradually tliinncr. 
These holes have not the aspect of perforations of the outer walls through 
external injury ; they rather resemble the orifices of the walls of Cladophoray 
through which the swarming-spores escape. It might be conjectured that 
the plant multiplied by swarming-spores, and that solitary ones Ixjcoming 
developed inside the empty coat of the mother-ceirgave rise to that appear- 
ance; but this is contradicted by the great fretpicncy of their occiuTencc, 
as also by the circumstance that wo never find a number of green cells inside 
one cell-coat. It is more probable that the contents of the ccU contract, and 
become coated with a new membrane, when the old ono is perforated, — by 
unknown causes, which perhaps lie in the course of development of the 
species. 

If we seek to bring the phenomena introductory to vegetative cell-mul- 
tiplication under ono point of view with the preparations for conjugation, we 
find that, in the Desmidieac, in both cases a new membrane is fonrned around 
the total contents of the cell, which indeed lies close upon the old coat at all 
points, but by no means adheres to it, as we are accustomed to conceive of 
the so-called layci's of tliickening of the cell-wfill. The growtli of the young 
membrane cracks the stronger old one — in vegetative cell-multiplication 
always in 'an annular form, in conjugation, mostly in a one-sided manner, 
with a valve-like slit {Hualotheca dtssiliens ; Olosterlum). At this stage 
firet occurs a distinction between the two processes of development, — the 
foimation of a sejitum taking place in cell-division, while in conjugation the 
protniding part of the young membrane continues to enlarge outwtirds, 
A\dthout, in many cases, any separation of the contemts into two halves taking 
place. Tlie younger, iniiemiost layer of membrane remains with that portion 
lining the old cell-coat, sticking wholly in this in Hyalothecay Bambmina, 
Cosmarium, But even in individuals of species of the lost genus it sometimes 
occurs, in Tetmcmonis and Olosterium (e. g. G, actUum) as a rule (although by 
no means without exception), that the ends of the connected inner coats of 
tlie conjugating cells draAV themselves out of the cast-oft* shells of the mother- 
cells, in extreme cases entirely ; so that the cell originating by the blending 
of the internal coats of two individuals (inside which the spore is formed) 
becomes capable of being rounded otf into a sphere, 

“ Both the cell-division and the preparation for conjugation of Zygnemcm 
arc distinguished from the processes in Desraidiea) by the circumstance that 
in the former the wall of the oldest cells grows in its entire mass, and does 
not allow the younger layers of membrane to protrude through ^surcs or 
slits. 

“ In the Diatomcoo, lastly, the division into two, like the conjugation, takes 
place, seemingly, in all cases, through and after a preparatory contraction of 
the contents or separate portions of the contents of the cells ; and in not a 
lew liases the conjugation takes place during, and is accompjinied by, division 
of the contracted contents into two portions. What import for the life of the 
species has the conjugation of the Zygnemem, DcsmidieaB, Falmcllese (Pal- 
moyteea), and DcsmidieaB ? Our knowledge of the race^ of Algao, so import- 
antly advanced by the laboui-s of Pringsheim and Cohn, should allow a more 
positive answer to this question than that inquirer, to whom the study owes 
most brilliant acquisitions, is inclined to give. The idea of sexuality of the 
lower depends principally upon the perfectly justifiable, but still only 
analogical conclusions which, starting from the observations made during a 
century on the Phancrogamia, have advanced, through the intermediation of 
those, less numerous, on the Vascular Ci-y])togamia and Muscinea?, and the 
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facts cstat)lished in Fticiis by experiment of artificial separation or union of 
the sexes, to the (Edoyonia, Vmicheria, Sphasroplea and Volvox, Pringsheim’s 
declaration, that physiological questions of such a kind as the necessity of the 
action of the fecundating matter in generation can only be certainly decided 
by the observation of morphological processes, will not be adopted. !Expe- 
riment has long ago proved the existence of sexes in the Phancrogamia, 
before the penetration of the pollen-tube into the ovule, and its relation to 
the germinal vesicle, had been made out, — obseiwations which that theory 
really no longer required for the establishment of its main question. And 
if, among so many contlnnatoiy experiments, a few negative results present 
themselves, in what branch of human knowledge do wc not meet with similar 
phenomena ? The general rules of evidence hold good in such eases. 

“ The same analogies, tlien, wdiich lead us to recognize a fecaindation in 
the penetration of the spermatic body of (Edogonhim. into the mother-cell of 
the sj)ore, in the mixture of that body wdth the contracted contents of the 
mother-cell of the spore (with Pringsheim’s ‘ fecundation -globule ’), must 
necessarily lead us to regard conjugation as a fecundation. It is distinguished 
from the process in (Edogonium only by the fact that the portions of cell- 
contents w'hich become blended into one cell are of equal size; and that thine 
is not one of them provided with ai)paratus by means of which, like tlie 
spermatic body of (Edogonivm by its cilia, it is moved onward until it reaches 
the cell to be fecundated, — both points, evidently, of no essential importance. 

“ The sporangial frustules differ in general from the parent forms not merely 
in size, but also in the number of striic or of other markings, and to some 
slight degree in outline. Such variation, M. Thuret contends, proves the phe- 
nomenon of conjugation to be, not a true mode of reproduction, but only ‘ a 
second mode of multiplication of frustules, very curious and ver}^ abnormal.’ 

“ In tlic immature condition, we arc informed by Mr. Tliwaites, it happens 
that the sporangia in many species resemble in general characters the mature 
frustules of another species or even of an allied genus. Thus the sporangia 
of Gomphoiiema minutissimum (XI. 17) and of G, dlchotoimnn have a close 
resemblance to the frustules of Cocconenm, On the other hand, in some genera, 
as in Cocconema, the sporangia take on at once the exact characters of the 
ordinary fmstules, from w^hich they differ only in their exiiceding that of the 
majority of the latter in dimensions. 

“ When a sporangium in a transitional condition is like the fnistulc of another 
genus, wc arc assisted in distinguishing its true nature and affinity, oftentimes, 
by the persistence of the mucus diffiiscd around it ; or by continued observa- 
tion we may Avitness its assumption ultimately o^ts true specific characters, 
including the development of its pedicle or stalk, wdiere the possession of 
such an organ is a charactenstic (as in Gomphonema).*' 

The above fact suggests it as very probable that transitional forms have 
been described as particidar species, or located in wrong genera. Thus Mr. 
Thwaites thinks that Kiitzing’s Epithemia vertngus is no other than the 
sporangium of Eunotla tiirgida, and also that the enlarged fnistules of the 
MelosirecB, which that same writer had conjccturally regarded as reproductive 
bodies, arc in fact t^ie sporangial product of conjugation, and give rise to 
a chain of frustules larger than those from wliich they had themselves 
originated. 

The subsequent history of^ the sporangial fnistules on being matured is 
not satisfactorily made out. Prof. Smith has the following on the question 
(J, M.S. 1855, p. 131) : — The ordinary Diatoraaceous frustule ftcems to owe 
its production to the protoplasmic contents of the sporangial fnistulc formed 
by the process of conjugation. These sporangia, like the seeds of higher 
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plants, often remain for a long period dormant, and are borne about by cur- 
rents or become imbedded in the mud of the waters in which they^havc been 
produced, until the circumstances necessary to their development concur to 
call them into activity. At such times their silicioiw cpidenns open to per- 
mit the escape of the contained cndochromc, which is resolved into a myriad 
of embiyonic fnistulcs ; these either remain free or surround themselves with 
mucus, forming a pellicle or stratum, and in a definite but unascertained 
period reach the mature foim of the ordinary frustule,’’ when their further 
growth appears almost entirely arrested by the production ot the silicious 
cioat, and when multiplication by self-division j)rovides for the continuation of 
individual life. To continue the quotation, ‘‘ The size of the mature frustulc 
befort; self-division commences is, however, dependent upon the idiosyncrasy 
of the embryo, or upon the circumstances in which its embryonic growth takes 
jdacc ; consequently a vciy conspicuous diversity in their relative magnitudes 
may be usually noticed in any large aggregation of individuals, or in the same 
species collecited in different localities.’' 

The belief that the contents of the sporangial frustules resolve themselves 
into a ‘ brood’ of Diiitoras, having the same foim and s])oeifie characters as 
the original parent-cells, Prof. Smith establishes by the following observations 
made by himself (Si/nojtsis, vol. ii. p. xv) ; — In the gathering of Coo'omnia 
Chtulu made in April 1852, which contained numerous instances of the con- 
jugating ])roccss, 1 ol||Served the frequent occurrence of cysts enclosing minute 
bodies variable in their number and size, and many of which had the outline 
and markings of the surrounding forms and were obviously young frustules of 
the Cocemmmu It would appear that the production of the young frustules 
is preceded by the separation and throwing off of the silicious valves of the 
sporangium and the constriction or enlargement of its primordial utride, 
according to the number of young frustules originating in its protoplasmic 
contents. In this gathering, fonns of every size, intermediate between the 
minutest frustulc in the cyst and the ordinary frustules engaged in the 
con jugating process, were easily to be detected ; and the conclusion was 
inevitable, that the cysts and their contents were sporangia of the species 
with which they were associated, and indicated tlie several stages of the 
reproductive process.” 

Again, in a gathering of Symdra radians, although not found at the 
time in a congregating state, yet the appearance of the cysts and of their 
contents was ecpially characteristic of the reproductive process. That such 
a ‘‘ cystoid condition is ono stage in the normal development of its reproduc- 
tion,” a subsequent examination in a distant locality satisfied him. 

The prosecution of this inquiry into the final changes of the sporangial 
frustules is seriously impeded by the dissoluticTn of the investing mucus and 
the conscc|uent dis])ersion of the reproductive bodies. 

Thirty-two si^oeics of the Diatomca) have been observed in the act of con- 
jugation, belonging to the genera Epithemia, Coccaneis, Cocconema, Cymlu Ua, 
Cyclotella, Gamplionema, Ilhnantidium, AclDUinthes, lihahdonema, Melosira, 
Navieula, Surirella, Amphora, Orthosira, Encyonenut, CoUetonema, and Schizo- 
ne'ina. On this paucity compared with the number of known genera. Prof. 
Smith has tho following explanatory remarks {Symps, il. p. xi) : — ‘‘One reason 
for the paucity of observations on this process in the Diatomcm is no doubt to 
be found in the changes which usually take place in the condition of these 
organisms at this period of their existence. During conjugation the progress 
of self-division is arrested, tho general mucous envelope or stratum produced 
during self-division is dissolved, and the conjugating pairs of frustules become 
detached from tho original mass ; they are thus more readily home away and 
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dispersed by the surrounding currents or the movements of worms and in- 
sects, and' their detection becomes in consequence more casual and difficult. 
By far the greater number of the species I have mentioned belong to those 
genera whose fnistules arc adherent, or attached by stipes to foreign bodies, 
or which form continuous filaments or aggregated frondose expansions. Not 
more than four, viz. CycloteUa Kutzinyiami, Navimla jirmay Amphora ovalisy 
and Cymbella PediciiluSy are to bo regarded as free forms : the reason I have 
just given will account for this circumstance ; and the larger proportion of 
adherent or frondose species detected in conjugation may doubtless be ascribed 
to the finner position conferred upon such forms by the presence of these 
accessory methods of attachment and adhesion, while the filamentous species, 
being usually aggregated in considerable masses or entangled amidst the 
branches of the larger Algae, are also less liable to dispersion.” 

Another mode of development, first pointed out by Mr. Kalfs in his early 
contributions to the histoiy of the Diatomem {A, N. If. 1843), by an internal 
gemmation or production of cells approaching in physiological features to 
self- division, appears to prevail in at least some instances. It is alluded to by 
Prof. Smith, when speaking of the Mericlion circulare (op. cit. 7). He met with 
a variety of fnistules, which upon a close examination, especially in a living 
state, led him to the conviction “ that the appearance of a double wall of silex 
is o’Nving to the formation within the original fmstule of a second pcifect cell, 
instead of the usual mode of division by which the origi,nal fmstule is divided 
into two half-new cells .... In the present case, the central vcsciclc or cy to- 
blast becomes enlarged without division, and secretes on its extension two 
new valves, which arc j)U8hed outwards until they lie in close approximation 
with the original valves. This process is not always repeated ; the usual mode 
of self- division again recui’s, and two valves arc formed in the interior of 
this new cell according to the noimal method. . . .This imiLsmil method of 
development is not, however, sufficiently constant to warrant the separation 
of such fnistules from the species in which it occurs, perhaps hardly sufficient 
to constitute a variet)', as fnistules in both the ordinaiy^ and abnormal states 
may be met ^dth in the same gathering and even in the same filament.” 

Hlmantldium iSoleiroUl is another species producing internal cells, which 
Prof. Smith quoted, remarking that he had no doubt it is merely an accidental 
modification of cell-growth, since, in the same filament, cells thus formed may 
be frequently found along with othci*s following the normal mode of s(*lf-di\i- 
sion. In Odontklium anomahim, this variety is in fact the usual condition 
of the fnistules, and the ordinary mode of self- division is but rarely to bo 
met with. A remarkable instance of this abnormal development presented 
itself to Prof. Smith in Achminthes siibsessilis, in which “ the formation of a 
cell interior to the original One had proceeded through several successive 
stages, and the result is a compound fmstule, consisting of the mother-cell 
and a number of included cells, each successive development being embraced 
by the others pre\iously formed.” 

Mr. Kalfs has recently (*/. M. S. 18»57, p. 14) recurred to the subject of this 
plan of reproduction, and has found himself obliged to differ from Prof. Smith 
in some particulars. He writes : “ Although it is tnie tliat ^ wo frequently 
find in the same filamdnt cells thus formed, and others following the normal 
mode of growth,’ as d formerly showed, yet I cannot agree to Prof. Smith’s 
statement under Ilimantidium Soleiroliiy that ^ there is no doubt of its being 
merely an accidental modification of cell-growth.’ On the contrary, I believe 
it to be a reproductive state of the species, and consequently to have a definite 
and impoilant part in their economy. 

“ lor several years 1 have attentively watched the circumstances connected 
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with the fonnation of these inner colls in Hlmantidium undu^atum, by 
gathering specimens at short intervals. During great part of the winter, the 
filaments increase in hulk, by repeated division of the frustules, until they 
form largo masses, filling the ditches ; at length the inner cells make their 
appearance, at first sparingly ; but as spring advances, it is difficult, in many 
situations, to obtain a filament without them. 1 have found that when these 
become abundant, the filaments cease to grow, and the entire mass soon breaks 
up and disappears. The same thing happens in the other species of Iliman- 
tidiwm, and in MerkUon. 

I do not find that the inner cell commences in the centre and pushes its 
valves outwards, as stated by Prof. Smith. Were this the case, the internal 
matter also would necessarily bo pushed outwards by the advancing valves, 
and thus condensed between tliem and the walls of the fmstulc. On the 
contrary, in the Ilimmitidium the internal matter, before nearly fluid, collects 
within the new cell, becomes dense and more granular, and the ncAV walls are 
formed round it in the situation they are to occupy, leaving an empty space 
between them and the walls of the frustulc. 

“ The alteration and condensation of the colouring matter, and the ap- 
pearance, or at least great increase of vesicles, have a strong resemblance to 
what takes ])laco previous to the formation of sporangia, the completion of 
which, as in this case, usually preludes the death and disappearance of the 
mass. , 

“ As in most acknowledged sporangia, the ceU thus formed always tends 
to assume an oval or orbicular form. It, however, is very frequently, and 
j^erhaps generally, divided in halves, as in the fission of the fnistulcs, so that 
the oval seems made up of two neighbouring frustules ; but this is not the 
ciise, as may readily bo ascertained by noticing the marginal puncta of the 
original frustulc. 

“ Do these newly-constituted cells ever continue to divide, as Prof. Smith 
supposes ? I believe not ; at least I have never seen a si)ecimen in which 
the semi-elliptic j)ortions were separated by the intorj)osition of other valves 
resembling either themselves or those of the ordinary frustulc. For my own 
part, I have been unable to trace the species after the formation of these cells, 
owing to the (piickly succeeding disappearance of the mass. If, indeed, this 
renewed division does occur, the resemblance to what takes place in the 
sporangia of some species of Af dosha would be increased. 

“ Prof. Smith, in his most interesting and valuable account of the ‘ Pepro- 
duction in the Diatomace®,’ enumerates four modes in which sporangia are 
foiTued. The third is thus defined : — 

“ ‘ The valves of a single fmstulc sei)arate ; the contents, set free, rapidly 
increase in bulk, and finally became condensed ^nto a single sporangium.* 

** As far as regards the Mehsim vaHaiis, the only one in this group which 
I have had an opportunity of noticing, I believe the process is essentially the 
same as in the examples already described. The only difference is, that the 
new -formed cell being inflated, and much larger than the original fmstulc, 
the valves of the frustulc must necessarily be cither mptured or pushed apart 
by the increasing growth of the sporangium, and the latter alternative happens. 

I have seen no specimen of Mr. BrightwelPs Ohcetoceros Wkjhamii, but 
from his figures I believe the goniothecia-like bodies constitute another 
example of the formation of internal cells. 

‘‘ I have said that I consider these internal cells sporangia, and essentially 
of the same nature as the inflated ones of Mdosira varians. At the same 
time we sliould not forget that Mr. Thwaites discovered the Himantidium 
pecthmle in a tmly conjugated state, and that it is contraiy to our experience 
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of the economy of nature that the same result should be obtained in the same 
species in two different ways.” 

M. Focko has satisfied himself of the reproduction of some species of Navi- 
culm {A.. N. H. 1855, 237) by a strange complication of the phenomena of 
‘‘ alternation of generation ” and conjugation. Navicula Ufrons, for example, 
forms, he says, by the spontaneous fission of its internal substance, spherical 
bodies which, like gonimulcs, give rise to Surlrella microcora. These by 
conjugation produce ^Y. sphmlufa, Avhich gives rise to N, bifrons by the same 
process. This last act oi* gemmation hius been observed by the author in all 
its phases. He saw two specimens of N s^lemUda, enveloped in a sort of 
mueosity, open and evacuate the whole of their contents, which served to form 
a N hifroiis. The production of the reproductive bodies by the latter was 
iilso obsen’od ; but their development into Surirella microcora, and the pro- 
duction of N, spkndkia by conjugjition, rest solely on the inductions of the 
author. 

Those facts require revision and confirmation, but they are, nevertheless, 
Avorthy of the attention of observers, and appear to point to phenomena quite 
as singular as those which have been revealed to us within the last few years 
by the study of the reproduction of so many of the Iowan* animals. They, in 
fact, present in a manner the converse of the phenomena exhibited in the 
ordinary alternation of generation, as several germs or eggs arc necessary for 
the production of the last individual of the cycle. 

Kiitzing has siiimised tlie existence of another mode of development, viz. 
by germs or spores prepared from the gonimic contents of the fnistiilcs. This 
method of propagation was indeed comprehended in Ehrenl)crg\s doctrine that 
much of the granular contents were ova ; an hypothesis started rather to bring 
the structure of the Hiatomea) in accordance with tlie generally assumed i)oly- 
gastric organization, than to explain any observed phenomena, complicated as 
it also wjis with other suppositions of fecundating male glands or seminal 
vesicles and a sexual discharging orifice. 

Ilabenhorst (Siisswasfier^ Diatom, p. 3) has follow’^cd up Kiitzing’s suggestion, 
and affinns that the fruatules*of Hiatomcm SAvell up in a vesicular maniK'r 
and become filled with a greater or less number of cells, which at first have 
jin irregular figure, but subsc^quently assume a regidar oval shape. This 
having happened, the cells move in a current from right to left within the 
ca\lty of the parent-cell, which by-and-by splits open and emits its i)rogcny, 
each of which has, at an anterior clear simce, two long projecting cilia. For a 
very short time these germs enjoy a sw^armiiig movement, and Jift(u* wards, on 
becoming stationary, attain with extreme rapidity, or even suipass, the size of 
the parent-cell, wliich is itself destroyed in the act. This plan of reproduc- 
tion by the development of a brood of young" organisms within a parent-cell, 
or, in more technical terms, this formation of active gonidia (microgonidia), 
prevails in many of the lo\ver Algae, and consequently has no d-priori argu- 
ment against it. However, as Prof. Smith naiiarks, “ Its occurrence in the 
Hiatomea) cannot be received as established without further observation and 
a more careful record of the phenomena attending its progress” (op, cit, 
vol. ii. p. xvii). 

Ilabenhorst has illustrated this mode of development in only one species of 
Melosiray although he puts it foiward in a general manner as if true of all 
tlie Hiatomea?. Indeed it occurs to us that it is not a special and otherwise 
unobserved process of reproduction, but merely tliat variety of the act of con- 
jugation described by ^Ir. Thwaites in the genus Melosira, in which a change 
in the endochrome of a single frustule, attended by an increase of contents 
and a consequent enlargement — such as is intimated in Rabenhorst’s account — 
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converts it into a sporangium. Beyond this stage, Mr. ThwaitQp dot's not 
appear to have followed the sporangial frustule so generated ; but, assuming 
the correctness of Prof. Smith’s hypothesis of the generation and subsequent 
evolution of niunerous minute frustiiles within it, do we not find a precisely, 
analogous phenomenon with that which Rabenhorst represents as an addi- 
tional mode of j)ropagation, or \^uth what Focke (see preceding page) describes 
as the formation of gemmules out of the internal substance, and their sub- 
sequent disQharge? The supplementary^ phenomenon of alternation with 
change of specific form, included in the statement of the latter observer, even 
if confirmed, will not affect the general analogy presumed. 

Habitats. — Appearance in masses, ahutulance, geotjrapkical distribution, 
— Fossil DiatometK. — Fvistence in the atmosphere, — Fractical uses and appli- 
cations of the Uiatomere. — The habitat4a and the distribution of the Hiatomem, 
both in time and space, are the most t'xtensive, varioiLs, and wide, of all 
organic beings. Tn tresh, in salt, and in brackish waters they arc alike found ; 
they exist abundantly in a living state about the roots of plants and diffiiscd 
in moist earth ; they are also to be met wdth in the dust of the atmosphere 
and in moteoiic products. They are, in fine, inhabitants of earth, air, and 
water. When no longer alive, their silicious skeletons i)roservc their form 
and constant characters, uninjured by most of the causes which obliterate 
the remains of other living beings. They are so preserved in most of the 
rocks above the oldest primary — in all, indeed, in which intense heat has not 
operated to fuse silica into a molten mass. At the present day they aro 
ejected from the bowels of the earth in the lava, cinders, and ashes of vol- 
canos, and arc borne about by the winds from one continent to another in 
showers of dust. 

In respect of habitat, the Diatomcce are divisible into marine and fresh- 
water species ; some indeed aro common to both fresh and salt water, or 
exist in brackish water. The following account of the habitats of Diatomese, 
illustrated by reference to particular examples, is from the experienced pen 
of JMr. Ralls, who has supplied us with it: — 

The Diatomea^ may bo obtained at all seasons of the year, but are most 
identiful in spring and summer, many of them indeed being limited to that 
period ; thus the species of Microme<ja and Schizonema are, with few excep- 
tions, in perfection only in May and June, when they are met with in shel- 
tered situations, fonning wide patches on the gi'ound and on the flat surfaces 
of rocks cx])osed at ebb-tide. About the end of May the Enteromorpha 
compressa, so common on our shores, often seems as if faded at the end ; this 
appearance is frequently accompanied by the presence of Grammonema Jur- 
(jensii, which is easily recognized by its slippery feel, when from its pale 
colour it would otherwise escape detection. 

‘‘At all seasons of the year, the smaller and more slender Algro, marine 
and treshwater, as soon as they attuin matuiity, become almost invariably 
covered with pjirasitic Diatomeoe, which impart to them a brownish colour. 
In this way we obtain species of Cocconeis, Achnanihes, Striatella, Tahellaria, 
Chrammatophora, Isthmia, Gomphonema, Podosphenia, lihipidophora, and 
Sijnedra,^ On the contraiy, Amphitetras and Bhldidphia prefer the muddy 
crevices in the sheltered sides of perjiendicular rocks. 

“ In salt marshes we may expect to find the Achnanthes subsessilis on the 
slender filaments of Enteromorpha, but so spmingly fis hardly to discolour 
them. The sptxdes of Epithemia are parasitic on Cladophora, both in brackish 
and in freshwater pools. The MelosiroR are common in marshes, especially at 
the months of large rivers, where they form Conferva-like brownish masses. 

“ Many of the imattachcd Diatomeffi arc produced in dark brown patches 
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at the boUom of pools, or on the surface of mud ; the freshwater species 
often by the road-side ; the marine forms usuoUynear high-water mark. Am^ 
phipleura injlexa and A, scalaris congregate, in large brown stains or spots, 
on the muddy sides of rocks, whilst other species, for instance Campi/lodiscus, 
and Cosd'iwdiseus concinnm, form similar collections, but prefer more shady 
situations. 

The sides of ditches in brackish marshes arc very prolific, especially after 
spring-tides, and in situations not again covered until the next high-tides. 
We may expect to gather in such places species of Surirella, Navlciila, PleU'~ 
rosi4jma, Ceratoneis, Amphiproray Amjdiora, &c. The soil about the roots of 
rushes and of other plants inhabiting salt marshes often afford interesting 
forms, but seldom in abundance. We find there species of Coschiodisciis and 
of Zjfifoceros ; but such are obtained more abundantly from the mud or froTU 
the washings of bivalve shells brought up from deep water or collected at the 
mouths of rivers. Oyster-beds are in general productive. The Bacillaria 
paradoxa inhabits ditches in which the water is nearly fresh, and is frequently 
obtainable from the scum driven from the surface to the banks. 

Few Diatomcffi are peculiarly autumnal ; we have, however, gathered 
IJoviKXodaxim Marimnn^ Berheleya fra^ilis, Dickieia jyinnata, and Btrkitdla 
umpimctatay chiefly at that season. 

“ On warm summer days, Diatomeac, wdth various microscopic Algfe and 
Fungi, rise to the surface of water by the disengaged oxygen gas still ad- 
hering to them and buoying them up, and there form a delicate film or a 
scum, and at times even a layer of considerable thickness. Such collections 
arc rich in species of Navicnla^ Cymhella, Surirella, and Synedra, Wheji an 
entangled larger mass is formed, there is usually one prevailing species. 
Specimens of Fragilaria are generally found on decaying wood or leaves, 
or amongst Conforvae diffused in the Avater. From the drainings of Sphagnum 
may often bo obtained Sgnedra biceps and various species of Himantidhim. 
Boggy soil, especially when situated on a slope, affords various species of Epi^ 
ihemia and Nttviculu ; so likewdse does the soft matter on rocks on which water 
constantly trickles. Washings from oysters and the refuse raised by trawlera 
are usually rich in spheres of Coschiodisciis, Actinoptgchiis, Pleurosigma, Di~ 
ploneis, Navicula, Dictyocha, &c. The same kind of washings from sheltered 
harbours give Surirella fastuosa, Aidiscus sculptiis, together Avith species of 
Campylodiscus, Triceratium, &c. Washings of corallines are likcAvise some- 
times productive.’’ 

Mr. Norman supplies us with the foUoAving hints : — The most interesting 
foims occur in salt Avatcr, especially in shallow lagoons, saltAA^ater marshes, 
estuaries of riA^ers, pools left by the tide, &c. Their presence in any abun- 
dance is shown by the colour they impart fb the aquatic plants they are 
attached to ; or when found on mud, by the yelloAvish-broAvn film they foim 
on the surface, and Avhich, if removed Avith a spoon Avithout disturbing the 
mud, will be found a veiy pure dei3osit. 

“ Such collections arc best put at once in bottles, or even pariially dried 
and wrapped in pieces of paper or tin-foil. When jdaced in bottles, a feAV 
drops of spirit are advantageously added. In all cases it is essential that the 
locality whence obtained should be plainly written on each package. Caxntal 
gatherings are obtainable by carefully scraping the brownish-coloured layer 
from mooring-posts, or the piles of wharfs or jetties. 

“ In clear running ditches, the plants and stones have often long streamers 
of yelloAvish-brown slimy matters adhering to them, generally composed almost 
Avholly of filamentary species. The layers of Diatomaceous fronds on the 
surface of mud arc often covered with bead-like bubbles of oxygen, which 
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from time to time rises to the surface of the water and earries.»up with it 
some of the deposit in the form of a scum, which gets blown to leeward, and 
may bo readily collected from the edge of the pond quite free from particles 
of mud and other impurities. 

“ Good and rare specimens have been obtained from the stomachs of Ho- 
lothuridte and other Mollusca which inhabit deep water, and are often thrown 
on shore after severe gales of wind. These animals may be merely dried and 
preserved just as found, and the contents of the stomach obtained afterwards 
by dissection. Shells and stones, covered with seaweed, &c., from deep water, 
also alford most interesting and little-known forms. The rougher these arc, 
the better (they ought by no means to bo cleaned). Deep-sea soundings 
(especially those from great depths) should bo preserved ; for they are often 
exclusively Diatomaceous. 

“ Very rare species have often been formed in immense quantities in the 
arctic and jintarctic regions by melting the ‘ pancake ice,’ rendered brownish 
])y tliesc microscopic sliells. The sea is also often observed discoloured with 
brownish patches, which should be collected, and the water filtered through 
l)lotting-paper or cotton wool : the residuum will frequently turn out to be 
composed of Diatoinccc. It is also highly interesting to collect and examine 
the irnpalpalile dust which occasionally fiiUs into the folds of the sails of ships 
at sea.” 

Scallops and otherJVfollusca often contain rich and rare collections in their 
stomachs. In Ascidia (e. g. PJuillusia sukata, Ascidia mentula) Mr. Norman 
and the llev. K. Cressw’^cU found an abundant source. Mr. Norman adds, in 
a further note kindly sent us — ** The Ascidians, whose stomachs arc almost 
ahvays so loaded with Diatomaceous fnistules, arc to be found abundantly 
on the shells of oysters dredged in deep water, and readily procurable from 
the trawdera. 

“ The S(dj;fa^ (found so abundantly floating on the surface of the sea in warm 
latitude’s) afford very pure gatherings. Tlic roots of the various species of 
mangrove, grow^'ing in tlie dense sw^amps of rivci*s and estuaries in the tropical 
regions of Afri(‘a, Australia, and the Eastern Archij>elago, arc said to bo fre- 
quently covered wdth a brownish mucous slime vciy^ lich in Diatomom. I 
liave also obtained very pure gatherings from the roots of the Dutch rushes, 
as imported, and from the Zoatera imtrhui from the Baltic, used for stufiing 
beds, &c., by upholsterers. Stones, moreover, brought as ballast from abroad, 
w'ill amply pay flic diligent collector by yielding foreign and perhaps rare 
species. The roots of aquatic plants fi*om tropical countries, stored in her- 
baria, Avould, if properly examined, yield mjiny interesting forms of Diatoms.” 

IndcK‘d wo may add, generally, that the roots of land plants, particularly 
of mosses, lichens, &c., growing around trees on the ground, or upon them, 
are fruitful in Diatomeoc, and, in fact, of some of the rarer forms. In the 
Number of the Microscopical Tramactio^is just published (July 1858, p. 79), 
Col. Baddelcy notes the oceuiTcncc of Diatoms in considerable numbers in 
the Noctiluea miliaris. They are the chief constituents of a mass of dark 
matter near the nucleus, and lie in the so-caUed vacuoles, into which they 
enter from the mouth. This occurrence suggests an ea^y method of obtaining 
different marine species of Diatoraem in their natural state, often alive, and 
with their cndochrome perfect. The Colonel discovered in this way several 
rarer species, and gives a list of nearly 50 which he identified, besides not a 
few forms of whose true name he was uncertain. To extract the Diatoma- 
ceous mas^ from the interior of the Noctilucce, Col. Baddeley recommends 
that the seawater and its living freight be poured, on amving home, in a 
white hand-biisin, and be let stand for an hour or two. This rough treat- 
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ment causfjs these creatures to disgorge their food ; and if, after an interval, 
the water be carefully poured off, a sediment will be found at the bottom, 
which will consist of Diatoms mixed with some refuse.’’ 

Dr. Donkin lately M. S. 1858, p. 11) called attention to the occurrence 
of that rare form, Sifndendrium diadenia, in the stomach of the lobster, and 
in a subsequent pajjer {op. cit. p. 14) alludes to the abundant deposit of living 
Diatoms upon the sands nt the sea-side, in the following paragraph ; — 

Professor Smith states that ‘ the shallow pools left by the retiring tide at 
the mouths of our larger rivers ’ are the favourite habitat of marine species. 
But such localities I liave found not to bo half so prolific in species as the 
sands of still bays, on the shore, where they are exposed by the reflux of the 
tide, at a distance c^rrespondiny with the half -tide marcfiu. Tn these places, 
where the sands are sloping towards the sea, and grooved out into small 
furrows, filled with salt water oozing out from bcliind, the abundance of 
Diatoms aggregated into a living mass imparts to the surfixee of the sand 
different hues of chestnut and olive, the difference of colour being due to 
tlie nature of the species present. These coloured patches, it is interesting 
to o])soiwe, are, during the sunshine, studded with numerous minute air- 
bubl)les, undoubtedly given off by the Diatoms themselves. 

“ To separate the Diatoms thus detected, from the surface of the sand, I 
found to be impossible. I therefore seized hold of the nearest bivalve shell 
which happened to lie in the way, and with this I car efully scooped up the 
surface of the coloured sand. This I emptied into a xvide- mouthed, stoppered 
bottle, capable of holding <dght ounces, until half full ; the other half of the 
bottle I filled up with salt water. 1 then shook the whole briskly and allowed 
the bottle to stand for a short period. The sand, being composed entirely of 
fine round grains of quartz and the minute fragments of shells, settled at the 
bottom in a few seconds, leaving the Diatoms all suspended in the water 
above, and forming by their abundance a chestnut-colour(.*d cloud, but not 
more than 1 part in 1000 of the whole sand collected. The coloured water 
was then poured into another bottle, and formed the gathering, while the 
sand was thrown away. The Diatoms, in their turn, w^crc separated from the 
superfluous water by subsidence, and brought home in l|-oz. bottles. In this 
manner 1 soon found that any quantity could be collected in a pure and un- 
mixed condition, affording an excellent opportunity of examining tlieir living 
forms, and one of which I availed myself on every occasion. 

“ After carefully examining materials collected in this way from various 
parts of the beach, I detected not less than al)out JOO si)ecics, all these 
strfctly marine, and, with a few exceptions, each species in considerable 
abundance.” 

The fact of Diatomcae rendering themselves perceptible to common vision 
by their excessive accumulation and the colour they impart to water, is illus- 
trated by the phenomenon of coloration of the sea recorded by Dr. Hooker, 
also by the Melosira ochracea, which occurs in many, perhaps in all, cha- 
lybentc waters, and also in peat water containing a small juoportion of iron. 
It is of the colour of iron rust, and in mineral springs, in which it abounds, 
is often taken for pre^cipitated oxide of iron. It covers everything under 
water, but forms so delicate and floccose a mass that the least motion dissi- 
pates it. In the spring of the year this mass is composed of very delicata, 
pale-yellow globules, which can be easily separated from each other. They 
unite togcthc'T in rows like short chains, and i)roducc an irregular gelatinous 
felt or floccose substance. About summer, or in autumn, theyHbecome de- 
veloped into more evidently articulated and stiff threads of a somewhat larger 
diameter, but still form a complicated mass or web, and, cither from adhering 
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to each other or to delicate Confervae, appear branched. In the young con- 
dition, when examined under shallow magnifiers, they resemble gelatine ; but 
with a power of 300 diameters the flexible granules arc discoverable, and, 
with dextrous management, the little chains forming the felt or floccoso 
web can be made out. In summer, on the other hand, its structure can bo 
observed much more easily and distinctly. Early in spring the colour is that 
of a pale y(dlow ochre, but in summer that of an intense rusty red. Other 
examples occur where a single species becomes tangible to the unaided senses ; 
such are met with in the brown specks mentioiuid in the preceding account of 
habitats formed by particular species upon the larger Algic and ConfervoD. So 
the GompJionema tjemimitum forms on rocks tufts of a spongy texture and 
brownish colour when young, but white afterwards. The Synedra Ulna often 
produces a white incrustation on stones in riven's in summer ; and Frayilaria 
and Odoufidium arc seen outstretclied as delicate brown filaments, several 
feet in length, like many filifonn Algm, from which, however, they differ by 
breaking up so very readily, on the least disturbing force, into their separate 
joints. Large numbers of Ithizoselenia ” (writes Mr. llrightwell, J. M, S. 
1858, p. 95) “have been detected in the stomachs of Salpif;, and they have also 
been obsm'ved floating free in tlie ocean in wann latitudes, their apx)earanco 
being that of little confervoid flakes of exquisite delicacy, but of a sufficient 
aggregation of filaments to be seen by the naked eye. The mass appeared 
(probably from the oiidochromc) of a faint, evanescent, ochraceous colour,” 
Moreover, the frondose sx)ecies generally attain an api^reciable magnitiido. 
Thus Fneyonerna prostratum forms a tut‘t-liko stratum, — when recent, dark 
brown, but when dried, of a dull green colour, Svhizonema suhcoluvrem grows 
into tufts from a quarter to half an inch or more high ; and S, vulyare con- 
stitutes a dark brown gelatinous stratum on stones in shallow water, fila- 
ments simple or nearly so in deep still water, and much branched filaments 
in deep rajud streams. 

Mr. Nornum, of Hull, has most kindly furnished us with the following 
original observation on the growth of one si)ocics, the Campylodiscm cos- 
tatus: — “ In the early part of tlw? spring of 185(>,” he writes, “1 made a 
gathenng of freshwater Diatomeae from the ‘ Spring Ditch,’ Hull. Although 
t met wiitli a few odd frustules of the species named, I did not consider it of 
sufficient interest to boil in acid for mounting, and the x>hial containing them 
was left in the window of my laboratoiy during the ensuing summer. Some 
time in the autumn I had occasion to make use of this bottle, and was on the 
point of thiwving away the contents, when I noticed the surface of the de- 
posit and the sides of the bottle to be covered with a dense brown growth of 
Diatoms. On further examination 1 found an^ immense colony of Camjpylo- 
dlscus, which gave by preparation some beautifully x^urc slides of this species. 
In removing the upi^er layer I juirposcly left a few of the frustules in the 
bottle, which was again placed in the window. These have agiiiii increased 
to a great extent, and now (December 1 857) they appear to thiive in perfect 
health. Docs not this occurrence suggest an easy plan of procuring in a 
pure state such forms as are rarely found together in any abundance ? ” 

GEOGaArnicAL Dtstrtbtjtion. — Sj)ecics of Diatomcq^ arc for the most part 
distributed over a very wide geographical area. Some, indeed, would seem 
cosmopolitan, whilst others are limited to certain regions. For instance, the 
Terpsinoe has not been discovered in Europe; and Synedra Entomon is 
reckoned by Ehrenherg as peculiarly a South American production. This 
author has* given fuU force to this seeming fact, and employed it in the en- 
deavour to discover the origin and course of meteoric dust, and also to arrive 
at certain geological deductions. For example, he says {Monatsh. Berlin, 
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Ahad. 1849), The chain of rooky mountains traversing the continent of 
North America, forms, with reference to the distribution of Infusoria, a 
stronger barrier between California and Oregon, and the rest of the continent, 
than does the Pacific Ocean, with China, between the western plains of 
North America and the region of Siberia. Thus, the United States, with 
Mexico, never present any of the forms characteristic of Oregon and Cali- 
fornia, whilst, on the other hand, the peculiar forms of these latter countries 
are met wdth in Siberia. All this is remarkably confirmed in this, that the 
gold region of the Sacramento, in the extent and abundance of its Infusorial 
products, finds its parallel only in Siberia.” 

This presumed fact of limited geographical distribution is thus applied 
by Ehrenberg in another paper {Monatsh, 1846) : — “ The atmospheric dust 
w^hich, since 1830, has fallen in the Atlantic Ocean as far as 800 miles west 
from Africa, on the Cape de Verde Islands, and even in Malta and Genoa, 
has been all of an ochre-yellow colour, never grey like the dust seen in the 
north of Africa, and consists of from ^th to .^rd of organic particles referable 
to 90 species, the greater number of which arc of freshwater habit, and found 
equally in the most widely separated regions named. This dust, even in 
Genoa, wdienco it is carried by the Sirocco wind, contains no characteristic 
African forms, but, on the contraiy, presents the Stjnedra Entomon, a deci- 
dedly characteristic species of South America.” From his observations on 
this meteoric dust, Ehrenberg concludes that there is a current of air uniting 
Africa and America in the region of the trade w inds, and occasionally directed 
towards Europe. On tlie other hand, their wide diffusion is exemplified in Dr. 
Hooker’s lieport on the Diatomaceoiis vegetation of the Antarctic sea {^Ihnt, 
Assoc. 1847) : — The genera and species of Diatomaceoc collected within the 
Antarctic sea arc not at all peculiar to those latitudes ; on the contrary, some 
occur in eveiy country between Spitzbergen and Victoria Land. Others, and 
even some of these, have been recognized by Ehrenberg as ocjcurring fossil 
in both Americas, in the south of Europe and north of Afiica, in Tripoli 
stone and in volcanic ashes ejected both from active and extinct volcanos, 
^vhilst others again exist in the atmosphere overhanging the tropiciil At- 
lantic.” 

Prof. Smith has the following remarks on cosmopolitan or very widely- 
diffused species {Synops. ii. p. xxvii) : — 

“ Of freshwater species frequent in the British Islands, the follo\ving seem 
almost cosmopolitan, viz. Synedra radifim, Finnulnria viridis, PlnnuJaria 
borealis, and Cocconema lameolatum. Gath wings from many localities in 
Europe, from Smyrna and Ceylon, from the Sandwich Islands, New Zealand, 
and New York, from the loftiest accessible points of the Himalaya in Asia, 
and the Andes in America, have supplied specimens of these forms. 

“ Navicula seriuns abound in all our moimtain bogs, and is equally common 
in the marshes of Lapland and America. 

Epithemia gihha is an inhabitant of the Geysers of Iceland and the lakes 
of Switzerland. 

‘‘The South Sea Islands supply Stauronels acuta, and Ceylon Synedra 
Ulna, while Stauroneig Phoenicenteron is cqiuilly abundant in Britain, Sicily, 
and Nova Scotia. 

“ These notes of localities will give some idea of the wide distribution of 
our fluviatilc Diatomacesc ; more numerous gatherings would, no doubt, 
greatly extend the list ; and the following circumstance will show how gene- 
rally our commoner British forms are diffused throughout European loc^ities 
that have been carefully examined. During a tour in Languedoc and the 
Auvergne in the spring of 1854, 1 made upwards of forty gatherings from 
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the rivers, streams, and lakes of the district I traversed. In these *I detected 
130 species, and but one form not yet determined as indigenous to Britain. 
If this be the case with a district much of whose Phanerogamous flora is so 
different from our own, it bears out the view I have taken, that tlicsc or- 
ganisms enjoy a range of distribution far more general than the higher orders 
of plant-life. 

Nor is the distribution of marine species less notable for its extent and 
uniformity. Coscinodiscus eccentricus and C, radiatm range from tlie shor(?s of 
Britain to those of South Africa. Orammatopliora murhui and G, mucilenta are 
found in almost ever}' marine gathering from the Arctic Ocean to the Mauri- 
tius. Staiirontis pulcliefla, Cocconcis Sciitellum, an^BidduJj^hia ptdchella are 
equally abundant on the European, the American, and the African coasts, 
while lt1icd)donema Adrlaticum belies its name by its occurrence in the Indian, 
Atlantic, and Pacific Oceans. During the researches already mentioned, in the 
South of Fitinco, I made several iirolific gatherings on the shores of the Gulf 
of Lyons; but, of 33 forma occurring in these, Ili/alosira delicatidu, Kiitz., 
was the only one not familiar to me as a British 8j)ecics.” 

The suiiposition that many species of Diatomcaj occupy a very limited geo- 
graphical area, and that considerable numbers have, in course of ages, disap- 
peart'd or become extinct, as many animal and vegetable organisms liavc done, 
was thus ably examined by the lamented Dr. Gregory in a communication to 
the Itoyal Society of Edinburgh, made in 185G (/>oe. Roy. Soc. Kdla, 1850- 
57, p. 412). The subject of discussion is introduced in his notice of Na~ 
vicidu prwtexta, a form iircviously considered only fossil. ‘‘ I have,” he says, 
‘‘ selected this fonn because the bed in which it occurs fossil is the oldest in 
which Ehrcnberg has found any Diatoms. He has indeed found microscojjic 
organisms in the chalk, and even in older rocks, among which lie mentions 
tlie mountain limestone and the Silurian greensand, lint the forms in the 
two latter rocks are not numerous, and, as ivcll as those which abound in the 
chalk, belong to the Foraminifera or to the Polycystina, not to the Diato- 
macoa .... In short, I have no hesitation in saying, that I believe all the forms 
ill the -^ghia clay-marl, which is the oldest Diatomaccous deposit yet de- 
scribed, ivill be found living on our coast.” The stratum at ^gina belongs 
either to the chalk formation, or to the oldest tertiaiy or Eocene beds. 

Dr. Gregory continues, “It may also be observed that, of all the forma 
figured by Ehrenbei’g from more recent strata, wliether mioceno, like the bod 
on which the town of Richmond (Virginia) is built, and soveral kinds of Berg- 
mehl — or pliocene, like other Bcrg-mehls or polishing-slates, &c. — or still 
more recent, the great majority are perfectly identical with existing Diatoms. 
Indeed, altlioiigh many forms are stated in Eh^onberg’s earliest writings to 
be fossil only, and have been supposed to bo extinct, the progress of obser- 
vation is continually adding to the number of species which are found also in 
the recent state. Thus, for example, the whole grouji of dentate Emiotiiv, 
which abound in the Lapland and Finland Berg-mehls, were long thought to 
be only fossil ; but they have been nearly all found in America, and I have 
myself seen several of them recent in tliis countiy. Eunotia triodon, long 
supposed to be extinct, occurred scattered in many of tiui Scottish freshwater 
gatherings. 

“ Taking these facts into consideration, I am led to believe that we have no 
evidence that any species of Diatom has become extinct, as so many species, 
and even genera and tribes, of more highly organized beings have done. I 
obser\"e that*Mr. Brightwell expresses a similar opinion in his valuable paper 
on Chcetoceros (J. M. S. iv. p. 105).” 

Wherefore Dr. Gregoiy comes to the conclusion, that “the whole of the 
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species wliich occur fossil will, ere long, be detected in the recent state. It 
is at all events certain that a very large proportion of the Diatoms found in 
the fossil state also occur in the living state, and that every day adds to their 
number. ’ There is at present no good evidence of the existence of Diatoms 
earlier than the chalk, if so early. But we must not forget that the shells 
of Diatoms appear to be altered by long contact with carbonate of lime, so 
that they may have existed at one time in the chalk. We find them, how- 
ever, in spite of the. action of calcareous matter, in the recent chalk-marls of 
Meudon and of Caltanisetta, which are rather more recent than the chalk, 
and probably of about the age of the clay-marl of ^gina. If, as I believe, 
no Diatoms have become extinct, this may perhaps depend on their minute 
size and extreme simplicity of structure, which probably render them more 
indifierent to climatic changes than more higlily organized and larger beings. 
We have c\ddeiicc, to a ccilain extent, that this is the ease ; for by Ehren- 
berg’s figures it appears that, in gatherings of recent Diatoms from all parts 
of the world, in every possible variety of climate, the majority of species are 
identical with our own. 

‘‘ Diatoms, therefore, are not materially affected by existing differences of 
climate, and have probably been as little affected by the geological changes 
which have occurred, at all events, since the period of the Eocene deposits.” 

Geological brroRTANCE of Diatome.e. — Fossil Accumulations. — Although 
so exceedingly minute and apparently insignificant iiJ comparison with tlie 
animals and plants usually claiming our notice, yet, by their excessive multi- 
plication and accumulation, they assume even a greater importance, in th(^ 
physical histoiy of the earth, than the larg(‘st trees or animals with which 
we arc acquainted. This lesson is taught us by living examples of theses 
microscopic beings constituting aiiprcciablo masses, and by innumerable in- 
stances where only the siUcious skeletons remain, in a fossil or semi-fossil 
condition. 

Ehrenberg thus illustrates their mpidity of production and accumulation. 
‘‘ SilicioTLs Infusoria,’’ he says, ‘‘fonn, in stagnant waters during hot weatlun-, 
a porous layer of the thickness of the hand. Although more than 100,000,000 
weigh hardly a grain, one may in the course of half-an-hour collect a pound 
weight of them ; hence it wiU no longer seem impossible that they may build 
up rocks. However, one of the most striking examples of the operation of 
Diatdmeae as a physical agency on a large scale, is afforded by Dr. Hooker’s 
observations addressed to the British Association {lie^yort^ 1847). He says — 
‘‘ The waters, and especially the newly-formed ice of the whole Antar(;tie 
Ocean, between the parallels of 60° and 80° south, abound in Diatomaceac, — so 
numerous as to stain the sea, every where of a pjile ochreous ])rown, the surface 
having that colour as far as the eye cjin reach from the ship. Thougli pecu- 
liarly abundant in the Icy Sea, these plants are probably uniformly dispersed 
over the whole ocean, but, being invisible from their minuteness, can only bo 
recognized when washed together in masses, and contrasted with some opake 
substance. They were invariably found in the stomachs of Salpac and of other 
sea animals, in all latitudes between that of the tropic and the highest parallel 
attained in the Antai;ctic expedition. Their death and decomposition produce 
a submarine deposit or bank of vast dimensions, consisting mainly of their 
siUcious shields, intermixed with Infusoria and inorganic matter. Its position 
is from the 76th to the 78th degree of south latitude, and occupies an area 
400 miles long by 120 wide. The lead sometimes sank two feet in this pasty 
deposit, and on examination showed the bottom made up in great mefusiire of 
the species now living on the surface. This deposit may be considered as 
resting upon the shores of Victoria Land and of the Barriers, and hence on the 
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subniftiine flanks of Mount Erebus, an active volcano 12,000 feet high. From 
the fact that Diatomcm and other oi^nisms enter into the foraiation of 
pumice and ashes of other volcanos, it is perhaps not unreasonable to con- 
jecture that the subterranean and subaqueous forces, which keep Mount 
Erebus in activity, may open a dii*cct communication between this Diato- 
maceous deposit and its volcanic fires. Moreover, this bank flanks the whole 
length of Victoria Harrier, a glacier of ice 400 miles long, whose seaward 
edge floats in the ocean, whilst its landward extends in one continuous sweep 
from the crater of Mount Erebus and other mountains of Victoria Land to the 
sea. The progressive motion of such a glacier, and accumulation of snow on 
its surface, must result in its interference with the deposit in question, which, 
if ever raised above the surface of the ocean, would present a stratified bed 
of rock which had been subjected to the most violent disturbiinces.” 

But instances of the abundance of silicious organisms in sea- or river- 
bottoms are to bo met with nearer home. Mr. Roper has explored the mud 
of the Thames (J, M, S, 1854, p. 68) ; and he tells us that, excluding the 
coarse sand, nearly one-fourth of the finer part of the residuum is entirely 
composed of the silicious valves of different species of Diatomem, — “ marine 
forms prevailing.” This writer also quotes the experience of Ehrcnberg, 
who, with respect to the mud of the Elbe, has established the remarkable 
fact that at (lluckstadt, a distance of 40 miles, and even above Hamburg, 
upwards of 80 miles above the mouth of the river, marine silicious- sholli;d 
Infusoria were found alive, and their skeletons dei)osited in it in such abun- 
dance, that at the former locality they form from one-quarter to one-third of 
the entire mass, and that the proportion is still about one-half that amount 
at Hamburg, as far as the flood- tide extends. All his observations gave a 
great predominance of marine over freshwater species, even when the salt 
taste of the water was no longer perceptible. His examination of the mud 
of the Scheldt and Ems furnished similar results, os did that of the marine 
deposit in various littoral regions of the North Sea and Baltic. 

Reverting to the Thames deposit, Mr. Roper expresses his belief that the 
silicious shells have a perceptible influence in the formation of shoals and 
mud-banks in the bed of the river. . . .And the great abiuidance and general 
distribution of species serve to illustrate the occurrence of similar deposits 
in a fossil state at localities now far removed, by alterations in the earth’s 
surface, from the streams or harbours in which they were originally de- 
posited. 

“ Another point worthy of attention is the influence of these organisms 
in the formation of deltas at the mouths of large and slowly-flo^ving 
rivers — such, for instance, as the* Mississippi, i» which the mean velocity of 
the current at New Orleans is only about one mile and a half per hour for 
the whole body of water. Sir Charles Lycll, from experiments on the pro- 
portion of sediment carried down by the river, has calculated that, taking the 
area of the delta at 13,600 square miles, and the quantity of solid matter 
brought down annually at 3,702,758,400 cubic feet, it must have taken 67,000 
years for the whole delta. Now, ns the silicious fnistules of the Diatomeae 
are secreted from the water alone, and would most probably be extremely 
abundant in so sluggish a stream (especially as Prof. Bailey has found both 
marine and freshwater species abundant in the rice-grounds), there can be 
little doubt that, Avithout taking the larger proportion noticed by Ehrenberg 
in the Elbe, even if it were considerably less, it would reduce the above 
period by sev*eral thousand years ; and the same cause would probably apply 
with equal force to the Ganges and Nile. Ehrcnberg considered that, at 
Pillau. there are annually deposited from the water from 7200 to 14,000 
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cubic metres of fine microscopic organisms, wliich, in tho course of a century, 
would give a deposit of from 720,000 to 1,400,000 cubic metres of infusory 
rock or Tripoli stone.’^ 

Another fact exemplifying the widely pervading presence of silicious In- 
fusoria was revealed by the experiments of Ehrcnbcrg, viz. their existence 
in a living state in moist earth beneath the surface, the only vital condition 
necessary being a small quantity of moisture. The presence of their remains 
at considerable depths in mud also is well exemplified by the experimental 
borings made by Mr. Okeden (»/. M, S* 1854, p. 26) at Neyland, a crock of 
Milford Haven, where deposits rich in Diatomaceous remains of marine or 
brackish and freshwater character occurred at tho depth of 20, 30, and 
40 feet. 

The prc(*cding illustrations will suffice to show the active share taken by 
the Diatomca) at the present day in the cver-occiuTing changes of the earth’s 
surface ; others must now be adduced to exemplify their influence in the past 
jfliysical changes of tho globe. Tlieso exam23les are so numerous, and, relative 
to other jilienomena, so important, that it is embarrassing to make a selection, 
Ehrenberg is the most assiduous cultivator of this department of knowledge. 
He has personally examined deposits collected from almost every country of 
the world, and described, with illustmtivc plates, the genera and species he 
has encountered in them, in his recent large work the Milcrofjeologu, 1855. 
One of the most sticking and, to his mind, unique instances of a Hiatoma- 
ceoiis deposit, formed at a remote or geological period, he has shown to exist 
in North America, on the banks of the Columbia Iliver. 

The river of Columbia, in its course at Placo-du-Camp, runs between two 
prccii)ices 700 to 800 feet high, composed of pon^dain-clay 500 feet thick, 
covered over by a layer of compact basalt 100 feet thick, on whidi, again, some 
>olcanic deposits exist. The clay strata are of very fine grain, and vary in 
colour ; some are as white as chalk. Dr. liailcy has shown, finm some por- 
tions submitted to him by Col. Fremont, that this apparently argillaceous layer 
is entirely composed of freshwater Infusoria. Its perfect purity from sand 
shows that it is not a drift, but has been formed on the spot. By its immense 
thickness of 500 feet, this layer of biolitliic Tjipoli far surpasses any similar 
layers elsewhere, which attain ordinarily only one or two feet thickness, 
although those of Luneburg and Bilin have a depth of 40 feet. Some beds 
wo also know elsewhere having 70 feet ; yet such are not pure, but inter- 
sected by strata of tufa or of other material. 

A very pure Diatomaceous deposit has been met with by Dr. Gregory in 
the island of Mull, which when dry is almost white, and much rcscmMcs 
chalk, being light, pliable, and adherent to the fingers (T. M. S. 1853, p. 93), 
and in composition hardly contains anything besides silicious organic remains 
“ for the most part entire, but with some fragments ; other portions which 
arc denser contain also many fragments of quariz of various sizes, and vast 
numbers of comminuted fragments of loricsc.” Prof. Smith (Symjis, vol. i. 
p. xii) says — ‘^Districts recovered from the sea, in the present or other 
periods of the earth’s history, frequently contain myriads of such exuviae 
forming strata of considorable thickness.” Examples of this nature in our 
own countr}" arc met with in “ the ancient site of a mountain lake in the 
neighbourhood of Dolgelly, localities of a similar kind near Lough Island- 
lleavey in Down, and Lough Moume in Antrim.” Mr. Okeden concludes, 
from facts collected by borings in tho mud of some crooks and rivers of 
South Wales, that not the surface merely, but tho whole fhass of those 
tidal deposits is penetrated by these minute and wondrous organisms, while, 
from the fact of their being found at Nc*yland at a dej^th of 40 feet below the 



OF THE BIATOMEJE. 


85 


present surface, and close upon the rock which forms the original hed of this 
estuary, the mind is irresistibly led to the conclusion that they have existed 
there from the time when the waters first rolled over the spot.’’ 

Berg-mchl, Tripoli, and other polishing-powders, the stratified deposits at 
Bilin in Bohemia and in -/Egina, and numerous others examined and reported 
on by various microscopists might like^vise bo adduced to demonstrate the 
important part played by these individually invisible beings, when accumu- 
lated in countless myriads, in the construction of the earth’s crust.; 

The Oolitic, and even some earlier metamoii)hic rocks, pori)hyritic rocks, 
&c., are not wanting, according to Ehrenberg, in species of Diatomem ; but 
in the Pliocene, Miocene,. Eocene, and in chalk and flint, and still more in 
the tertiary deposits, tlic abundance and variety of forms are gi'cater. Diato- 
maccous shells are curiously preserved to us in IfU'go abundance and perfec- 
tion in guano, in which they have doubtless entered as a comixment in the 
way of mixture with food taken by the birds which have deposited that 
manure. 

The foregoing flicts teach us that probably, in the present condition of our 
planet, no portion of its surface is destitute of Infusorial life ; and now, from 
the prosecution of microscopic research in connexion w'ith geological facts, 
it would appear that, imder this simplest and primaiy form, organic life made 
its first appearance on the globe, and has, during the many epoclis of this 
world’s histoiy, and notwithstanding the mightiest changes its surface has 
undergone, been sustained until the present moment ; and, wdiat is more, so 
extraordiiiaiy is the capability of the silicioiis Diatomeue to preserve life, and 
so astonishing their powers of multiplication, that species wdiich arc now 
found living liave their generic and even their specific tj^ies at the very 
da>vn of creation. Prof. J^flirenberg has advanced this same statement in his 
recent work (Mikro(/eolo(/ie), saying that the oldest silicioiis Infusoria, whe- 
ther Carboniferous or Siluiian, belong to the same genera, and often to the 
same species. 

Akrolitic DiAToarE.i3. — Ehrenbeig was the first to demonstrate the fre- 
cpient existence of Diatomeae along with other microscopic beings and or- 
ganic parti clc-s in the atmosphere, jjrincipaUy in those showers of dust which 
Ml from time to time in various parts of the world, and in those other mete- 
oric prodiKjts known by the name of ‘ meteoric paper ’ and ^ blood-rain.’ In 
such atmospheric productions, the Berlin naturalist has detected above a hun- 
dred species; these,. accompanied by descriptions and figures, and prefaced 
by an account of all such atmospheric phenomena on record, werc published 
by Ehixiiiberg in a large brochure entitled “ Fassatstauh wid Blutregen,^^ 
consisting of 11)2 folio pages. An extract from this book will convey the 
best attainable notion of the physical importance* of these aerial dust-show'^ers. 

The (piantity of actual solid matter that has fallen from the atmosphere 
by showers is far more considerable than supposed ; for, though it falls in a 
diffused dust-like form, the extent of surface covered at any one time is 
veiy considerable. Comparing it with inetcorolitcs, Ehrenberg obseiwes that 
the total quantity of these stones w hich fell between 1790 and 1819 w'^eighed 
600 cw^t., while in a single dust-shower at Lyons, in 1846, the solid matter 
weighed fully 7200 cwt. Other dust-storms in Italy, at Cfipe de Verd, and in 
other localities have exceeded even that at Lyons, in the quantity of matter 
precipitated to the earth ; and Ehrenberg suggests to the imagination the 
millions of tons that must have fallen since the time of Homer. Lastly, he 
entertains tke curious opinion, that this meteoric dust does not necessarily 
derive its existence from the earth’s surface, and fix)m the force of atmospheric 
currents, but from some general law of the atmosphere, according to which 
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the livingc organisms mainly composing it may have the power of self- 
dovolopmcnt in the air. 

Uses of Diatomaceoxjs Deposits. — ^The utility and possible and probable 
purposes of these minute organisms to mankind have not yet mot with due 
consideration. Their relation to the soil, in which they are so abundant, 
and their influence on its fniitfulness are matters only incidentally reflected 
on by authors. “ Sufficient attention,” remarks Prof. Gregory (J, M, S. 
1855, p. 2), ‘‘ has not yet been paid to the fact of the invariable presence of 
Diatomcao in all earths in which plants are found. Ehrenbcrg, in his Ml- 
Icrofjeologiey has established the fact as a universal one, and pointed out the 
important bearing it has on the growth of the soil. Indeed, it is difficult to 
imagine a more effectual agent in the transference of silica from the waters 
to the solid earth than the growth of Diatomece, the shells of which arc as 
indestructible as their multiplication is rapid. Ehronborg is of opinion that 
they live in the soil ns well as in water ; and the constant presence of 
moisture in the soil renders this conceivable. Although the proportion of 
silicious matter dissolved in ordinaiy water is but small, it is evidently 
sufficient to supply the sheila of milUons of Diatoms in a very short time ; 
and it is therefore probable that, ns fast as it is extracted from the water by 
them, it is dissolved from the rocks or earths in contact with the water, so 
that the supply never fails.” 

Mr. Roper has also suggested, from the consideration, that the best samples 
of guano contain the greatest number of these silicious skeletons, which 
doubtless servo to replace the large amount of silica abstracted from the soil 
by the cereal crops, that it is piubablc that the deposits of many of our 
rivers would have a beneficial effect if applied to the land ; and it rests with 
the microseopist to point out the most favourable localities for obtaining 
them. Ehrenbcrg notices an instance w^hcrc this has been done in Jutland, 
where a blue sand abounding in calcareous and silicious shells is collected, 
and greatly increases the feriility of the amble soil to which it is applied ; 
and Prof. Bailey also states, that the mud of Newhavon harbour is used as a 
fertilizer, and is found to contain 58-63 per cent, of silica. The author 
last-named has moreover adduced instances to prove that the gi*cat fertility 
of the rice-fields of South Carolina is mainly duo to their richness in Diato- 
maccous remains. This notion is strengthened by the examinations of 
Ehrenbcrg, and by the commonly obser\"ed fact of the occurrence of Diatomem 
about the roots of plants, especially of the cereals, which demand a large 
supply of silicious material to construct their stems. 

Dr. Hooker (ojj. cit) contends that the abundant Diatomaceous deposits of 
the South Pole supply ultimately the means of existence to many of the 
smaller denizens of the ocean, and that they keep up that balance between 
the animal and the vegetable kingdom w'hich prevails through aU other lati- 
tudes. Ho adds that they probably purify the vitiated atmosphere, just as 
plants do in a more temperate region. 

In the arts, the remains of Diatomaceous shells, as the chief ingredients in 
certain deposits, arc brought into use as polishing-powder under the name of 
Tripoli, and also, as ap extremely fine and pure silicious sand, in the manu- 
facture of porcelain. The powder called Tripoli has various origins, and 
differs in the microscopic organisms it contains. Species of Melomra especially 
abound — for instance, of Melosira varians, Ehrenbcrg informs us that the 
Tripoli of Jastraba in Hungary and that from Cassel resemble each other in 
their component species. 

A very remarkable application of a deposit of Diatomom is its use as 
an ai'ticlc of food, under the pressure of w^ant, bj’’ the wretched inhabitants of 
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some inhospitable and barren districts of Europe — for instance^ in some 
localities of Lapland and of Hungary, and in other parts of the world. 
Ehrenberg mentions a sort of earth under the name of Tanah,” eaten in 
Samarang and Java, which overlays some mountains of Java at several places 
at a height of 4000 feet. It is generally solid, plastic, and sticky ; it is 
rolled and dried in the shape of small sticks over a charcoal fire, and is eaten 
as a delicacy. An examination of this earth disclosed 3 or 4 species of 
Polygastrica and 13 of Phytolitharia. 

It has been attempted to make the specific characters of Diatomaccous de- 
posits of critical value in deciding on the date and superposition of rocks. 
However, the gcographiciil distribution of these beings is as yet insuflicicntly 
known ; and every day reveals the fact that species deemed peculiar to sonic 
one locality are to bo found in others, and to have at least a very wide range. 
Wo have already quoted some examples of apparent limited dillusion in our 
i*emarks on geographical distribution ; it is thcraforc not necessary to illustrate 
the subject further in this iJace. 

The circumstance that some one or two species seem at times peculiar to a 
neighbourhood, has encouraged antiquarians to seize on it with the hope of 
determining the locality whence the clay was procured from which ancient 
specimens of pottery or porcelain were manufactured. 

Another jmictical puiqiGsc to which the shells of Diatom ca3 have been pul 
is as test-objects for iqicroscopcs, the penetrating and defining powers of which 
are measured by their ability to detect and demonstrate the existence and 
nature of ceriain markings on the surface of the silicioiis cpiderm — such, 
for examine, as the striic of PlenrosUjnia. 

Ox TIIK NATURR OF DiATOMR/E, WHETHER AnIMALS OR PlAXTS VAUIOT’S 

iiYFOTiiESRS. — The nature of the Diatomcic is still a much- vexed question, 
altliough the opinion of those naturalists who hold them to be plants — mcm- 
}>(>rs of the great family of A lgm — ^preponderates. Ehrenberg assumed their 
iinimal nature, and ])crsuadcd himself of the existence of a complicated organi- 
zation, such as neither the researches of others can confirm nor analogy sup- 
port. In his latest papers on Organization, he has insisted most strongly on 
tlic appai’cnt successful feeding of these organisms with particles of colour 
which entered wntliin their interior. These experiments are not satisfactojy, 
and have failed in the hands of others ; it is besides quite clear, that the 
umbilicus, at which ho rein’escnted the coloiu’-granules to enter, is no real 
opening in tlic lorica, but a thickening of its epiderm. 

Prof. Heneghini, now many yeai's ago, penned a Icaniod treatise to prove 
the animality of the Diatomem ; but although he offered many ingenious argu- 
ments to support his opinion, he did not succeed in establishing it. Many de- 
tails of struct lire and organization and micro-chchiical characters, urged by him 
in favour of their animal nature, have been considerably modified or entirely 
set aside by subsequent researches ; and the general argument, that the varia- 
tion from recognized plants is in many particulars very marked, has only a 
comparative or relative force, according to the extent of differential structui-o 
of animals which may, on the other hypothesis, be set forth and proved. 

The distinguished Italian naturalist indeed limits his design in tlio treatise 
before us (On the Animal nature of the Diatomcm, R.^. 1853) to disputing 
Kiitzing’s arguments for their vegetable nature, saying (p. 305), “ Wliilst 
unable to confiim or refute the opinions of Ehrenberg, we seem to have 
observed facts sufficient to disprove those of Kiitzing.” 

On tliis »ame side are ranged Focke, Eckhardt (a pupil of Ehrenberg), and 
Prof. Bailey, who express their inability to reconcile some of the structural 
details and pliysiologicul phenomena with vegetable organization. Schleideii 
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perhaps sl;iould also bo reckoned of the number, since ho remarks, in his de- 
scription of the shield of a Navicuhi, that “such an artificial and complicated 
structure amongst jdants has no explanation, and is entirely without signifi- 
cation, In all actual plants wo find the silica present in quite a different 
form, as little separate scales or drops, and distributed through the substance of 
the ccU-wall.” 

In favour of the vegetable nature of the Diatomem, on the other hand, the 
majority of the original observers in this country unite with many of the most 
distinguished natunilists of the Continent, such as Kiitzing, Siebold, Niigcli, * 
llabcnhorst, Braun, Cohn, Mcyen, &c. The last inquirer, so long ago as 1 830, 
urged various objections against the presumed animality of the llesmidicac 
and Diatomea), and more particularly against Ehrenberg’s views, llesj^ecting 
the animality of the Diatomcae (Naviculacea), he remarks generally — “ The 
reasons adduced for such belief are so weak, that the conclusions deduced from 
them arc yet for the most part very doubtful.” 

A small number of naturalists have expressed the notion that the Diatomeoc 
belong ecpiaUy to the animal and to the vegetable kingdom. M. Thurct may 
be named as one of these, since he has stated that there is no more reason in 
favour of the one affinity than of the other. Such an idea is certainly unphilo- 
sophical; for it would cut the knot instead of loosening it, by the assumption 
of an order of organic beings intermediate between the animal and the vege- 
taljle kingdom, and undctcirminablo to which they belong. 

We will now proceed to state the leading arguments for the animality of 
the Diatoincm, indicating the name of the writer suggesting each, so far as 
practicable : — 

1. The DiatomosB — many species at least — exhibit a peculiar spontaneous 
movement, which is produced by certain locomotive organs. — Ehrenhery. 

2. The grofiter i)art have in the middle of the latcnil surface an opening, 
about which ccjrtain roimd coq)uscles arc situate, which Ix^comc coloured blue 
when placed in water conbiining indigo, like the ‘ stomach-cells* of many In- 
fusoria, and consequently may equally be regarded as stomachs. — Ehrenhery, 

3. The shells of many Diatomaceac resemble in structure and conformation 
the calcareous sheila of Gasteropoda and similar Mollusca. — Ehrenhery, 

4. The method of multiplication by self-division. — Ehrenhery [in^AIeiicyhhu, 

5. The comjdicated structure of the wall of the frustules, and the characters 
of the silicious dci^osit. — Schleiden, Bailey, and Meneyhhii, 

C>, The greater affinity in chemical composition of the contents (the endo- 
chromc) with animal than with vegetable ])rodu(;ts. — MeneyhinL 

Each of these arguments requires examination in detail, and its value tested. 
To begin therefore with the first — the occurrence of locomotion and the organs 
by which it is effected, as evidences of animal constitution. Morren, in the 
paper quoted {Jahreshericht Akad, Berlin, 1839), pointed out that motion is not 
confined to animals, but exhibited also by the spores of Algao and by sperm- 
atic particles. To these examples may be added the OsciUatoria), Proto- 
coccus in its various phases, V’aucheria clavata, Ulothrix zonata, and other 
Algffi, among which arc the now admitted genera of Volvocinem. In many 
of these, the movements are much more active and lively, and present more 
seeming spontaneity than those of any of the Diatoms. The employment of 
the word spontaneous to signify the sort of movement of these organisms is 
certainly unjustifiable, if understood at all in its usual signification, of an act 
originating in the moving body directed to a special jmrposc ; for no more 
spontaneity is manifested in the motions of these silicious organisms than in 
tho^ of the leaves of the Dwnma muscipulu when any particle impinges on 
their sensitive hairs. Mcnoghini, in examining this point, is compelled to 
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admit that no absolute proof is deducible from the movements of th^frustules, 
in support of their animal nature ; ond the only difficulty to him against 
admitting that they may be vegetable in character, is, that they arc so dif- 
ferent from those of Oscillatorioe, Desmidicie, and Protococcoidem, — a worth- 
less objection, to be sufficiently answered by asking whether that motion docs 
not differ as widely from that of any animals, and whether the movements of 
the Desmidiem are not equally unlike those of the Oscillatorise as those of the 
Protococcus, 

The locomotive organs insisted on — consisting, according to Ehrenberg, of a 
retractile foot and of retractile ciliary processes — have not been sufficiently 
demonstrated to use as an argument. Ehrenberg, Corda, and more lately 
Focko, ai’c tlic only observers who pretend to have seen such organs, although 
the organisms said to possess them are subjects of doily minute research by 
hundreds of wonder-finding microscopists. The mucous film which invests 
many Diatomaccous fnistulcs may, indeed, have been seen and misinterpreted. 
Meneghini calls attention to a kind of sparkling or agitation — actually a rapid 
and indeterminate change in the refraction of light at their extremities, whicli 
he seems disposed to believe shadows forth the presence there of some sort 
of ciliary locomotive organs. Granting, however, that cilia were ascciiiaincd to 
be the cause of the movements perceived, the doctrine of animality would in 
no way be advantaged, since cilia arc not peculiarly animal structures. 

AccoKling to Niigolu one sort of vegetable movements originates in the act 
of growth. Of such a Kind are j)robably the vibrations of the Oscillatorirc ; and 
possibly the motions of the Diatoms are in some degree reducible to the same 
category. And it is to be remarked that these motions arc not equally apparent 
and active under all circumstances, even among specimens of tlic same species, 
but are most so when the vital phenomena of the organisms arc most aroused — 
when the most rapid interchange of material is going on between the external 
medium and the internal cavity. 

2. The second argument rests entirely upon hypothetical grounds, derived 
from Ehrenberg’s observations, and is valueless so long as those observations 
arc unconfirmed. It seems quite clear that the central opening or umbilicus 
spoken of has no real existence ; and if this be so, then the apparent entrance 
of colouring matter within a set of corpuscles situated around it must be an 
(>rror of observation, unless the unproved and improbable assumption bo made 
that the colour-particles enter at foramina placed elsewhere (as at the extre- 
mities), and become transmitted to these centrally placed sacs or so-called 
stomachs. Kiitzing declares that the seeming entrance of colour-granules is 
the result of mechanical causes, and adds the more important statement that 
the central coUe'etion of vesicles is often wanting. 

3. The third argument, that a resemblance obtains between the shells of 
BaciUaria and those of some Molluscous animals, is, to say the least, fanciful, 
jind in a scientific inquiry can be admitted to prove nothing. If external 
similarity proved anything, it might as well be adduced to demonstrate the 
affinity of a lead- tree with the higher plants, whilst, again, the error to which 
this sort of proof will lead is well exemplified in the case of the Foraminifera, 
which from more outward resemblance were for years accounted members of 
the Cephalopodous family. In the latter instance, indbed, the similarity in 
external form was very striking — far exceeding that of any Diatom with any 
testaceous animal. 

Kiitzing, in his review of this assigned reason for their animality, meets it 
in another way, by observing that, among the cells of higher plants, examples 
are to be found which in configuration and other particulars agree with Dia- 
toms— for instance, the numerous forms of pollen with their angles, spines, 
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&c. Butjf aj 3 Meneghini remarks, “ he might have added the more aiipropriato 
instance of the Desmidicse, which would bo very closely allied to the Diatomem, 
if the latter, like the former, could bo referred to the vegetable kingdom. If 
not equal in constancy and regulariiy, the Dcsmidiese display a greater degree 
of complication: and we must remember the different nature of their substance ; 
for in the vegetable coll, when lime or silica predominates, the waU becomes 
uniform and regular.” 

4. Multiplication by self-division was at one time cited by Ehrenberg as 
peculiarly an animal phenomenon, — a notion at variance with the obseiTations 
of every naturalist, and now requiring no refutation. However, Meneghini 
has more recently advanced the statement that an essential difference in the 
process of fission prevails between the Diatomcoo on the one hand and the 
Desmidiem and Algm in general on the other, applying to the former modifi- 
cation (in accordance with Brebisson^s views) the term deduplication, to the 
latter reduplication. To extract his remarks {op, cit, 368) — Division is 
always longitudinal, and takes jilaco undcmcath a fine external silicious 
membrane, by the formation of contiguous diaphragm >vall8 which divide the 
internal cavity. Thus the contents are longitudinally divided ; and this divi- 
sion is compute if the two new individuals detach themselves and so actpiirc 
individual liberty. It is imperfect if the fine silicious persistent membrane 
and the secreted gelatinous substance retain them connected together. This 
mode of reproduction (which Brebisson distinguished l»y the name of dupli- 
cation and deduplication, from the reduplication of Desmidiere) deserves the 
most attentive observ^ation. The foregoing exposition presents the fact in its 
most rudo and supci'ficial general appearance, and makes us feel acutely tlie 
want of a more circumstantial description peculiar to vaiious forms. It is 
only after having established facts relative at least to the i)rineipal generic 
t}q)cs, that we can establish, on a scientific basis, the general idea of multi- 
plication by duplication. A few observations suffice, however, to prove that 
this does not occur in so simple a manner as we are taught to believe, by 
comparing it with that in vegetable cells. In the Achnanthidia, for example, 
it is described and figured that the princiiial surfaces, which occu 2 )y ill c inter- 
mediate space between the two superior and the inferior valves, commence by 
presenting fine transverse lines, and next a strong longitudinal line along the 
middle ; then there appear two new intermediate valves contiguous to each 
other — the superior valve (?) of the new inferior individual, and the inferior 
one of the superior. My observations convince me that the affair does not 
proceed with so much simjilicity. I have often seen the two lateral valves 
separated, and the intermediate siiacc thus largely ainjilifiod. In other cases 
there ajiiicared only a new inferior valve comi>lcmentary to the sujieiior, the 
inferior individual thus remaining incomplete. Finally, in others, between 
tho complete sujierior individual and the incomplete inferior valve, there 
appeared a new individual with both its valves, but nearer together, smaller, 
finer, with lines much less distinct.” In short, “ in this idicnomenon there 
is more complication than that of a simple cellular dedujdication.” 

5. In a previous i)agc (p. 88) wo have quoted Scdileiden’s notice of a dif- 
ficulty in the way of recognizing Diatoms to be idants. It is one likewise 
which has presented itself to others, for instance, to Prof. Bailey and Mone- 
ghini. “ If wo sui)pose them to be plants,” says the latter writer, ‘‘ we must 
admit every fnistule, every Navicula, to be a cell. AVc must suppose this cell 
with walls penetrated by silica developed within another cell of a different 
nature, at least in every case where there is a distinct pedicle .or investing 
lube. In tViis silicious wall wo must recognize a complication •certainly un- 
equalled in the vegetable kingdom.” {op. cit. p. 372. ) 
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This critique of Mcncghini loses much of its force when it is noticed that 
the existence of n pedicle, or isthmus, or of a muco-gelatinous sheath envelop- 
ing the frustules, is assumed by him, quite hypotheticaHy, to indicate their 
formation within a cell-wall represented by the soft investment, — an idea 
originated by him because he could not admit of an extra-cellular formation. 
The present state of knowledge, however, clearly recognizes the not infrequent 
formation of extra-cellular matters about cells, and consequently this portion 
of the difficulty in question wiU cease to have importance. 

On the other hand, no animals can be pointed out having a similar complex 
silicious structure, whilst an analogy may be, to a certain extent, found with 
the Desmidieaj, some of Avhich have a small deposit of silica in their envelopes, 
which again in some Diatomaccous frustules is very deficient (sec p. 37). 

Indeed, the affinity between the Desmidiem and the Diatomcae is manifested 
by the differential characters which naturalists feel themselves called upon to 
indicate (see p. 95). 

The composite structure of the frustules is principally the result of the per- 
meation of the extcmal tunic with silex. The little box or capsule, when 
first produced, represents a simple enclosed cell, imbued with more silica than 
a Desmidiaccous frond, but othci'wiso not histologically unlike. When the 
little being prepares for self-division, the opposite valves separate, much as 
the opposed halves of a frond of one of the Desmidiea), and the intermediate 
production, according 4;o the habit of the class, becomes penetrated by silica 
(to a less extent, however, than the original valves), and assumes so much of 
a permanent character that it is very trequently considered an independent 
third segment. 

So again, the cellular, or arcolate, or othci'wnso figured and involuted surface 
of the frustules, cited by Meneghini as dissimilar to any plant-structure, would 
also ai)pcar to be a consequence of this permeation of the organic membrane 
Avith silica, and of various modifications consequent thereon. To show that 
analogies are not Avanting in the vegetable kingdom of curiously modified and 
figured cell-Avalls, we may mention as examples, besides pollen-grains, in- 
stanced by Kiitzing, the sx)orangia of Desmidiea; and of various Alga;. More- 
over, the capability of the simplest enclosing membrane to developc a very 
complex supei-ficial structure is illustrated in the case of the UhizopodeSy 
among which arc many examples of striated, areolated, and othcmisc modified 
shells, which, in the eyes of many, range Avitli unicellular organisms. We 
must not forget to state that Meneghini himself seems to have appreciated 
the effect of the iiermcation of silica upon the characters of the cell- wall ; for 
he says, in his supplementary annotations {op, clt, p. 611), “ the part Avhich 
silex takes in the fonnation of the ccU-Avall is undeniable,” as in the epi- 
dermis of Gramineae, Palms, and’Kquiseta. “ Tlie stomatic cells of Equiseta 
merit particular attention, both from the silex they contain, and the transverse 
striie they present on the internal surface. This resemblance to the shield*of 
Diatomeae might lead us to believe that avc ought to regard it as an argument 
for maintaining the vegetability of the latter: but I do not think that I ought 
to dAveU upon such an objection ; I only notice it because I would not appear 
to be, or pretend to be, unacquainted Avith it. Yet it seems to me important in 
another point of Anew — the apparent comi)lication that the simple cell may 
assume when penetrated by silica.” 

We cannot do better than close this part of the argument by Prof. Smith’s 
revicAV of the subject {Sympts. ii. p. xix) : — “ In cA’cry case this membrane 
[ of the frustulo] is more or less penetrated or imbued with silex ; and the 
presence of this substance appears to have modified the intimate structure of 
the membrane, and induced great variety in the mode and character of its 
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formation in different genera, accompanied by great regularity in the indi- 
vidual species. 

These variations exhibit themselves in the different modifications of 
structure which constitute the markings of the valves, appearing under the 
form of ribs and nodules, costae, striae, or cellules of an elliptical, circular, 
or hexagonal outline. A wide comparison of specimens seems to me to prove 
that these various markings originate in the tendency impressed upon all 
organized structure to develope itself upon the type of the cell, and that the 
presence of the silicious constituent in the ccU-mcmbranc of the Diatom gives 
a fixedness to this tendency, which, in ordinary cases, is either not discern- 
ible in the structure of the membrane, or whoso eftcct is obliterated by the 
coalescence of the softer material which constitutes its substance. However 
this may be, it appears to me certain that the structure of the silicious valve 
in the Diatomaceie is invariably cellulate, the cellules being more or less 
modified according to the peculiar requirements of each species, and that no 
other explanation of their characteristic markings seems consistent with the 
facts which are established by a careful examination and comprehensive know- 
ledge of Diatomaceous structure. That this explanation does not involve con- 
siderations at variance with the conditions of unicellular vegetable life, will 
be obvious to any one familiar with the structure of the silicious epidcim in 
the Equisctacem and Graminaceoe, and the distinctly cellulate structure of 
many pollen-grains, while this very presence of silex as a constituent of the 
cell- wall in the Diatomaccao appears to be whoUy unaccountable except on the 
supposition of the vegetable nature of those organisms. In no instance do ^vQ 
find a parallel condition in the animal kingdom (for the secretion of silicious 
spicula, as an internal skeleton, in some of the Spongidcio, cannot be regarded 
as an analogous phenomenon), whereas the vegetable kingdom furnishes us 
\idth cases, not merely of the secretion of silex as a vegetable product in the 
Bamboo, but with frequent instances of its intimate union with cellulose in 
the membrane which forms the epiderm of the cell, as in the Natural Orders 
already mentioned, in the Palmaceae and others.” 

On the nature and mode of deposition of the silex. Dr. Bailey has ad- 
vanced the statement that the silica in Phytolitharia, as well as in Diatomcac, 
Polycystincao, and Spongilithes, is not doubly refractive and polarizing, as 
Khrenbcrg described, and that even the admitted exception of Arachnoi- 
discus is not such. The error in suj)posing it so has originated from the im- 
perfect removal of the dense carbonaceous tissues which arc deposited beneath 
the sUica. 

6. The final argument we have to consider for the animality of the 
Diatomeac is, that the greater affinity in the chemical composition of the 
contents, i. e, of the endochromc or gonimic substance, is with plants, and not 
mth animals. This argument is certainly based on a nice and very difficult- 
to-n^c-determined fact. Mcneghini insists on it as important. His remarks 
have already been given in our notice of the contents of the frustules, to 
which we must refer (p. 47), adding here only some supplementary obser- 
vations to fully convey his opinions. “ Finally,” ho writes (op, cit p. 300), 
for this is not a property peculiar to chlorophyll, “ I may add that, if a portion 
of chloroj)hyll could be demonstrated in the interior of Diatomom, this would 
by no mejins invalidate their animal nature ; we might still suppose they had 
swallowed it for food. As to the oil-globules ” which Kiitzing represents, 
Meneghini considers they may be no more than particles of sarcodc, which 
have an oily appearance ; and he would observe “ that the numbci^nnd volume 
of these globules increase considerably after death, and that during life they 
arc situated upon a longitudinal lino extending from one extremity to the 
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other. And,” he continues, I rely upon the observation that thc!*c is some 
motion and successive alteration in them, as if these minute globules mixed 
with larger ones, and separated again from thom.”^ For, to tlio mind of 
the Italian naturalist, the hj^pothesis of stomachs is admissible, although 
the fact that a polygastric structure (affirmed by Ehrenberg) has not been 
shown in the ciliated Protozoa is in itself an a priori argument that such an 
organization is not to bo found in the Diatomete, among which animal cha- 
racteristics are so much more deficient and indeterminate. 

Although, to our apprehension, this argument, based on the diffiircntial 
chemical composition, to the extent it is developed by Meneghini, is incom- 
plete and inconclusive, yet it was a duty to 2 )rcsent it, in order that some of 
the many ardent English microscoinsts may be induced to attempt the solution 
of this micro- chemical question. 

llabcnhorst, we should not omit to state, describes the colouring matter of 
Diatomca) as quite difierent from the chloroidiyll of jfiants. For instance, he 
states tliat the chloroifii^ ll of plants is taken uj) by alcohol, dissolves with a 
yellowish-green colour in alkalies, and with muriatic acid acquires an emerald- 
green colour, whereas the colouring material of Diatom em is insoluble in 
alcohol (although after a time its colour fades), remains unchanged by alkalies, 
and acquires a pale-green colour with muriatic acid. 

It still remains to point out the facts which speak in favour of the vegetable 
nature of the Diatomavea). The following summarj^ was offered by Kiitzing : — 

“ 1. The groat resemblance of compound forms to Algm, and their develop- 
ment by fission. There are, indeed, compound Infusoria, fis Monad-masses 
and Polypes : but the former arc very questionable animals ; and the latter 
have this essential distinction, that the individmil animal lives without 
(extomal to) its habitation, and moves freely, whereas such Navkidce as 
Emyonema, Schizonemaf and Micromeya, and similar genera, grow wdthin the 
enclosing substance, building themselves up like the cells in the stem of a 
idant— so vegetating hero only ns cells. In like manner, the individuals of 
Frayilarin, Melosira, Himmitklium, &c., arc steadily fixed, and unable to 
exhibit animal motion. 

2. The inner soft organic parts, which I have designated gonimic sub- 
stance, possess, as w’oU in their chemical nature as in their development, 
I)cculiarities akin to those met with in the cell-contents of confeiToid Alga). 

*‘This relation is most clearly seen in the genus Melosira and its allied forms, 
which, not only in form, but also in the chemical components of their con- 
tained matter (since the iwcsence of chlorophyll is common to all Diatomcie), 
are closely allied to the confervoid Algm. 

“ 3. Tlio development of seeds, or young [as Kiitzing rcjprcsonts it], occurs 
here as in undoubted Algae, but hover as in true animals. 

“ 4. The Diatomcas, and especially the free moving Naviculce, dcvclopo, in 
the sun’s rays, an appreciable quantity of oxygen, like all admitted plants. 

“ The evolution of oxygen, indeed, occurs in green Monads and Emjlcmn ; 
but this affords no argument for the animality of the Diatomoac, but renders 
the animal nature of those Infusoria themselves vciy doubtful, and the more 
so as rccent obsciwations confirm the idea of the origiji of the low'or plants 
themselves from Monads and Etuflence, Wherefore aU these comparisons 
serve to favour the belief in the vegetable nature of Diatomese.” 

To these arguments has been added another, resting on the assumption of 
conjugation being peculiar to plants; and Mr. lllackwell discovers further 
eridcnco off plant-life in the variations of form of the fiTLstules of the same 
species («/. M, S. 1853, i. p. 247). 

It is nc'cessary to inquire, seriatim, into the real value of tlic arguments 
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on this, ks has boon done with those on the other side of the question. 
Mencghiiii enters the lists with Kutzing, and disputes the conclusions arrived 
at by him, rather than the facts on which they rest. 

The firat argument, founded on external resemblance, has little value, and 
offers no certain indications of affinities. However, taking Kiitzing’s state- 
ments in his own words, modem research has added to its weight ; for it 
has proved, what was before only a probability, that the so-called Monad- 
masses are only of a vegetable nature. 

The second reason advanced has been already discussed, whilst the third 
rests as yet on incomplete observations, and in Meneghini’s opinion has an 
equally strong analogy in animals, for example, “ in the ovaries of Polypes 
and other inferior animals, as in inany Ovipara of superior classes. And, in 
fact, the bag of a spider, mth the thousands of small eggs that it contains, 
seems to me quite as like, as the spore of an Alga, to the organ of propaga- 
tion of a Schizonema or a Mieromega,^^ These analogies cannot be allowed 
much w'cight, whilst it is, on the contrary, pretty clearly ascertained that the 
sporangia of Diatomeae produce a brood of young forms within them, — a 
phenomenon according in all particulars wdth the mode of reproduction in 
numerous Algoo and Fungi. 

The fourth argument for their vegetable nature must be admitted to possess 
great importance. Since Kutzing enunciated it, the apparent objections 
against the vital phenomena in question being restricted to plants, have been 
removed by subsequent inquiry. The green Monads and Eughnm, cited by 
Kutzing, are now recognized to be vegetable, and can no longer cast doubt, by 
reason of an assumed animal nature, on the fact of the evolution of oxygon 
being a characteristic of vegetable life. The evolution of oxygon, as Prof. 
Smith, like evciy other careful observer, tells us, may be noticed in any 
mass of Diatomaceac during tlie warmer months of the year, or in gatherings 
freely exposed to the sun, in the elevated temperature of a confined apartment, 
duiing the winter or spring. Under these conditions the water in the vessel 
becomes covered with minute bubbles of oxygen, and portions of the Diato- 
maceoiis stratum are floated up by the buo^^ancy of the globules of this gas 
adhering to their frustules. Such phenomena can only be accounted for by 
supposing that the Diatomaccm are plants, and that they exhale, like all 
plants in a state of active vegetation, oxygen from their tissues ; but this jiro- 
cess is irreconcilable with the hypothesis of their animal nature.” (Sgnops. 
vol. ii. p. xx.) 

Prof. Carpenter insists (Microscope, p. 469), that the most jiositive and 
easily defined distinction between Protophyta and Protozoa “lies in the 
nature of the aliment, and in the method of its introduction,” in each case. 
“ For whilst the Protophyte obtains the materials of its nutrition from the 
air and moisture that surround it, and possesses the power of detaching 
oxygen, hydrogen, carbon, and nitrogen from their previous binary combina- 
tions, and of uniting them into ternary and quaternary organic compounds 
(chlorophyll, starch, albumen, &c.), the simplest Protozoon, in common with 
the highest members of the animal kingdom, seems utterly destitute of any 
such power, and is dependent for its support upon organic substances pre- 
viously elaborated by other beings. But further, the Protophyte obtains its 
nutriment by mere absoiTition of liquid and gaseous molecules, which pene- 
trate by simple imbibition, whilst the Protozoon, though destitute of any 
proper stomach, makes (so to speak) a stomach for itself in the substance of 
its body, into which it ingests the solid particles that constitute its food, and 
within which it subjects them to a regular process of digestion. Hence the 
simplest members of the two kingdoms, which can scarcely be distinguislied 
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from each other by any structural characters, seem to bo physioloyi^lly sepa- 
rable by the mode in wliich they perform those actions wherein their life most 
essentially consists.” 

The process of conjugation has been used as an argument for the vegetable 
nature of Diatomex by Mr. Thwaites and others. This subsequently seemed 
to be set aside by the observation of apparent conjugation in Actlnophrys and 
Greyarina observed by Kolliker and Cohn, HoAvever, this phenomenon 
appears again in the ascendant as a vegetable characteristic ; for the ol)scrva- 
tions of Mr. Weston {J. M. S. 1856, 122), of Lcuckart, Licberkuhn, and 
others, go to show that the act believed to be ono of conjugation in the 
Actbioplirys, is not really a process of rcpi’oduction, but merely a temporaiy 
cohesion; moreover Lieberkuhn {Mem, de VAcad, Hoy, Belgique, vol. xvi.) 
proves that the production of the Navicellce is not necessarily a consequence 
of the act of conjugation in the Gregannas, 

If future research substantiate the fact that conjugation is essentially a 
vegetable i)rocess, then the nature of the Diatomex will no longer be doubtful. 

On a review of the arguments urged on each side, and on consideration of 
the whole structural and vital peculiarities of the Diatomex, we are disposed 
to consider them of a vegetable nature — members of the groat family of 
Algx, and, together with many other unicellular plants, t6 constitute a group 
known by the name of Protophyta. NageU, in 1849, took this view, and 
reckoned the Diatomex as one of his eight orders of unicellular Algx, of 
which the Desmidiacex and PalmcUaccx w'cre other two. How close must 
bo the affinity of the Diatomex with the Desmidiex is shown by the fact of 
the two famili(?s having so long been treated of together under the common 
head and name of Bacillaiia. And although sufficiently decisive characters 
separate the one set of beings from the other, yet, in the grand phenomena 
of life and organization, a true homology exists. The difference between some 
Desmidiex and Palmcllex is as much pronounced as it is between the former 
and some Diatomex ; and between these several orders, together with the 
Zygnematx, various intermediate forms are to be found, which serve as con- 
necting links. Although Mr. llalfs would not now insist upon the distinc- 
tions between the Desmidiex and Diatomex, formerly laid down by him as 
decisive, yet they may be here reproduced with advantage. 1. In Diatomex 
{op, cit, p. 19) “ each frustule consists of three pieces, one central, ring-like 
and continuous all round, and the others lateral.” In opposition, Prof. Smith 
assorts that the central third segment is no essential part of the fnistules, 
but a portion produced, just like that between the opposed valves of 
Desmidiex, preparatory to the process of self-fission. 2. “ The division is 
completed by the formation of now j)ortions -jvithin the enlarged central 
piece, which then falls off, or else by a new septum arising at the centre ;” 
but Mr. llalfs believes that in every case the separation commences internally 
before it extends to the covering. So far as wo can understand the matter, 
no essential variation in this process prevails in the two families. S, ** Their 
coverings, with veiy few exceptions, are silicious, withstand the action of 
fire and acids, and may be broken, but not bent ; the fnistules arc often 
rectangular in form, are never warted, and scarcely evcr.spinous.” To these 
statements it may be replied, that in a few Diatoms the silox is in small 
quantities in the valves, and that, on the contrary, examples of partially 
silicious Desmidiex are known. The action of fire and acids, the cai)ability 
of being bent or not, are qualities dependent on the relative proportion of 
silex in the fnistules, and are but secondary distinctions. The same may be 
said of the remaining points mentioned — the rectangular form, and the 
presence of warts and spines. The form indeed is, at best, of little value in 
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the arguhient. The rectangular form of the Diatomeae is doubtless a conse- 
quence mainly of the silicious composition : yet it is far from universal among 
them ; for some species arc rather orbicular, others sections of cylinders, others 
capsular, and others again not unlike square sacs with bulging sides and rounded 
comers. Even where a rectangular outline exists, it is most frequently only in 
one view ; and the most that can be said is, that the lines of junction arc in 
many instances acute. On the other hand, examples of a rectangular outlinp 
arc to be found among the Desmidiea) and their allies ; the junction-surfaces 
of Hyahtheca and Didymoprium are at right angles to the sides of the frond ; 
the end view of Staurastrum tumulam is as angular ns the front view of a 
Triceratium ; and the front view of Evmtrum cuneatum presents decidedly 
rectangular truncate extremities. So too in the genus Pediastrum, foimcrly 
enumerated among the Desmidiem, although now detached as a subfamily 
and placed between them and the Palmellcse, examples of an angular outline 
occur, as in the Pediastrum Tetras and other species. As to this production 
of spines, sufficiently numerous examples exist among the Diatomcm to prove 
it no distinctive i»oculiarity of the Desmidiea) ; and although warty expan- 
sions or elevations of the surface precisely like those of some Desmidiea), may 
not bo noticed in Diatomea), yet certain exaggerated inflations of the surface 
arc seen in some Diatomea), e. g. in Biddidphin pulchella and B, regma. 
The two next distinctions indicated by Mr. llalfs are of more consequence, 
but nevertheless cannot be admitted as demonstrati vC" of an entire diflbrence 
in nature. They arc thus stated : — “ Their internal matter is usually brown 
when recent ; and although some species are greenish, or become green after 
tlicy have been gathered, none are of a tmly herbaceous character. Their 
vesicles bear some resemblance to those in the Desmidicse ; but they are 
of a yellower colour, and no starch has been detected in them.” The last 
section of this statement must be held as still suh jmlice ; the chemistry of 
the endochromc is too imperfect tq afford a safe argument, and the chemical 
relations of starch and isomeric compounds too little understood. The con- 
cluding distinction, ‘‘ that the Diatomea) do not conjugate,” the researches of 
Mr. Thwaites have negatived. 

To employ the summary of the affinities of the Diatomea) presented by 
Prof. Smith (Synops. vol. ii. p. xxi) : — “ The Diatomacem, with specialities of 
tlieir o^^^l, have also intimate alliances with the other orders of the Proto- 
phyta, resembling the Zygnemacere and Dcsmidiacem in the reproductive pro- 
cess, — the Nostochacea) in the tendency shown by several genera to surround 
their fiustules with frondose masses of mucus, within which linear scries of 
cells are subsequently developed, — the Oscillatorieoe in their movements, — the 
Palmcllacca) and all the orders I have named, in the self- dividing act by 
which the individuals of the species arc multiplied, or the aggregate of spe- 
cific life maintained and increased.” 

Determination of Species and Genera ; Varieties ; Classification. — - 
The question has been very much discussed of late, what characters of the 
frustules and of their contents are to be employed in the construction of 
species ? Ehrenbcrg generally proceeded on the principle of notifying every 
departure from any one form, assumed to be specific, as representing another 
species ; but this loose plan has been found productive of error and of ex- 
cessive multiplication of species, inasmuch as shape, or outline, or markings of 
the surface are not nearly so permanent and distinctive os formerly imagined. 

Although in some species the size and figure seem pretty constant, yet in 
many they are subicct to endless variations. Prof. Gregory cites* as examples 
of changeablcncss of form tlic three species, Eunoiia gihha, Pinnulm'ia 
divergenSj and JTimnniulmm hirhns ; and ho would comprehend several pro- 
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Slimed species of Naviculce under the name of N, varmm, 8o tfgain Dr. 
( 3 lre\illo, speaking {A, N, H. 1855, p. 258) of the GmmmatopJwra (?) Bal- 
four iana (Smith), 'which ho erects into a new genus Blatomella, observes, 
“ There is greater variation in the i*elative length and hreadtli of the fmstulcs 
than would he likely to occur in other Diatomaccous p’ou])s. In some the 
length is more than equal to twice J:hc breadth, while othei*s are exactly 
square ; and between these two extremes every gradation may bo observed ; 
i*esembling in this inequality Frag'daria^ Odontidium, Grammatoj}hora, and 
other filamentous genera having plano-comprosscd frustiilos.” Ihit in this 
very (jase a difference arises between Dr. (Ireville and ^Ir. Smith respecting 
the value of internal markings as a chameteristie distinction ; for the latter 
author remarks, “ The absence of a cun-e in its septa, relied upon by Dr. 
tJrevillo, 1 cannot regard as of sufficient im2>ortano(5 to constitute a generitj 
distinction, as tliis feature is scarcely noticeable in some states of Grmnnfa- 
lophora macilenfa, and is uniformly absent in 6r. sfricta,’^ (Sgiiopsis, vol. ii. 
p. 44.) 

“ The size of the mature frustulc ” (says Prof. Smith, J. M. S. 1 855, ji. 132) 
‘‘befoi'c self-division (‘onimences, is, however, dependent u 2 )ou the idiosyncrasy 
of the CTribryo, or u])on the circumstances in wliich its embryonic growth 
takes place ; consequently a veiy cons 2 )icuous diversity in their relative 
magnitudes may bo usual Ij' noticed in any largo aggregation of individuals, 
or in thasame species collected in diiferent localities. 

“ It may also be easily conceived that, while a tyi)ical outline of its cell 
must be the cliaractcristic of a certain sficcies. such outline may to some 
extent be modified by the accidental circunistances which suiTOund the em- 
bryo during its earlier growth and develo])m(mt. A lanceolate form may 
become linear, ellijitical, or even somewhat oval, by the pressure of surround- 
ing cells ; and acute ends may be transformed into obtuse or rounded cx- 
1 remities. 

“ Those who understand the process of self-division will sec here a suffi- 
cient reason for the occurrence of multitudes of frustules deviating from the 
normal form, or oven for the existence of myriads at one spot, all having a 
form different from the type, — the single embryo from which they have all 
sprung by self-division (wdiich jjroccss stereotypes the shape with which it 
commences) having from some accidental circumstances become modified in 
its outline. 

. ‘‘It follows, then, from these considerations, that neither size nor outline 
is sufficient to enable the observer to determine the species of a Diatoma- 
ceous fmstule. If he has the means of comi)aring specimens in sufficient 
numbers and from varioas localities, he may fix 'srith tolerable certainty 
upon the magnitude and fonn which may be regtuded as the average and 
type of the species ; but, without such jopportunities, a reliance upon such 
characters will inevitably lead to the undue multiplication of species and to 
a confused and erroneous nomenclature.” 

In tlie construction of genera, similar difficulties present themselves. Thus, 
Mr. Brightwell complains (J. M, S. i. 252) — “ It appears as if we could carry 
our real knowledge little beyond that of species ; and "yhen we attempt to 
define kinds and groups, we are met on every side by forms which set at 
nought our definitions. With reference to the simcics of the present genus 
(Ti'iceratmm), looking uiDon T, favtts or T, megastomimi as what wc con- 
ceive to be the most perfect plan (if any) on which this group is constructed, 
we find all the species diverging from it, and carrying us to analogous forms 
in other groups, or lost in them. Placing the perfect triangular form of 



98 


GKNERAL HISTORY OF THE INFUSORIA. 


T, favus in the centre, wc may diverge in lines to a circumference ending in 
one line, in the long-armed 2\ Solennoceros, itself nearly resembling Desmi- 
dium tridem or D, heccaceros ; in another line ending in a form resembling 
Drnnidium apiculosiim ; in another like Zygoeeros rhomhus, especially in the 
front view ; in another analogous to Amphitetras antediluviana ; and in 
another to Campylodiscvs cribrosus,^^ ^ 

Next after size and form, markings existing on the surface or within tho 
frustules have been employed as specific and generic characteristics ; but with 
these, as Avith the former conditions, great uncertainty prevails in their ap- 
plication, as Ave have already seen in the difference of opinion, regarding some 
internal markings of Grammatoplwra, between Dr. (jrevillc and Prof. Smith. 
In like manner tho character, the breadth, the relative position and distribu- 
tion, the distinctness and the number of strim on the valves, Jilthough 
tolerably constant in some species, are, in the majority, subject to great 
variation. Then again some naturalists count the number of strise in a 
given space, ns, for example, in tho yxroiFth of an inch, AvliUst others adA^o- 
cate counting tho entire number in the length of the valve. The latter plan, 
to all appearance, must afford more certainty, although the trouble of it is 
much greater ; for in the growth of frustules there would seem an expansion 
of their walls, inducing consequently a displacement of the stnm further 
apart ; and observation does not confirm the opinion, that in the imperfectly 
developed frustules a smaller number exists, Avhich aie added to in course of 
groAvth. 

However, just as in tho case of the form and size, so, in this matter of tho 
superficial markings, there will be variations according as the frustules result 
from self-division and are stereotyped impressions of an already existing 
form, or according as they originate from sporangial frustules and may have 
an individual idiosyncrasy, or bo modified in their development by the locality, 
and by surrounding circumstances, season and the like. 

A wiftor in the Mle, Journ, (1855, p. 309) invites notico to another cir- 
cumstance : — Sufficient attention has not yet been paid to tho sporangial 
state of the Diatoms. From tho observations recorded by Thwaitos, Smith, 
and others, different genera seem to follow different laws on the subject. In 
Navicula this state appears to be alAvays accompanied by a great dilatation of 
the fnistule, and the formation of a strong lino or band between the median 
line and the margin ; sometimes the new line is nearly straight and parallel 
to the median lino, except near the nodule, Avith which it seems connected j 
sometimes it is curved; but whether both structures occur in the same 
species, or are indicative of different species, no evidence has hitherto been 
adduced Tho striae appear, however, to preserve nearly the same in- 

clination. to tho new or interme^ate lines which they did in the non- 
sporangial state to the median line ; and hence the direction of the striae is 
not sufficient of itself to distinguish species, however good a character it may 
afford, unless regard be had to the peculiar state of the fnistule.” 

Prof. Smith has endeavoured to frame some general rules for the guidance 
of naturalists in instituting generic and specific characters, which avo cannot 
do better than subjoin in an abridged form (J, M, S, 1855, pp. 132-134 ; and 
Synops, vol ii. p. xxii). In determining specific character, three circumstances 
are of essential importance; 1. the structure of the valve; 2. the habitat; 
3. the arrangement of cndochome in the living fnistule. 

The fii'st can be applied to both living and dead or fossil specimens, and 
affords the most constant and obvious characters. “ These varieties of struc- 
ture arise from the modes in which the silox combines with the ccUulosc of 
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the epidenn ; and this combination seems to follow certain and Jhvariable 
laws, which arc subject to no derangement from the external circumstances 
in which the growth of the enibiyo may take place. The structure of the 
valve reveals itself in the character of the striation, which may therefore bo 
found a good specific distinction.’' Thus the striae may be costate or monili- 
foj-m, pai'allel or radiate, reach the median line or be absent from a greater 
or lesser portion of the surface, &c. The relative distances and the distinct- 
ness of the striae are also other features to be recorded, allowance being made 
for the influence of lociilities and of ago, and for the fact of their having 
originated from the same or from different sporangia. 

Next to striation in importance is locality, which will often aid to discri- 
minate between closely allied foims, since fresh- and salt-water species 
cannot exchange habitats. JiOcality also seems even more restricted by other, 
external conditions of a more limited nature. 

Lastly, the arningcment of the endochroine confers a specific character 
more certain than habitat. Examples of various arrangement of gonimic 
sul)stance, and of the large, constant, oil-like globules, liave been already 
giv(*n. 

It follows, therefore, that the difficulty of defining species is much cn- 
hanc()d where examples occur only in a fossil state." Even in tho living 
state, shape and size cannot bo implicitly relied on, but gathenngs are re- 
quired from different lopcalitics, and eveiy condition of giowth obsei-ved, before 
an avemge size or a typical outline can be decided on. And although stria- 
tion is an important guide, it often happens that this feature is^o nearly 
alike in allied species of the simple forms, such as CQcconema, Cyiywella, and 
Navicula, that our determination must bo infliienced by loss important con- 
siderations, and tho habitat, outline, and arrangement of cell-contents all 
require to be brought under review before we should feel justified in consti- 
tuting a species. 

In the construction of genera, the several conditions (viz. form, size, stria- 
tion, habitat, and disposition of endochrome) employed in tho determination 
of species arc also resorted to. Other peculiaiitics, however, are noted, 
such as the transverse or longitudinal lines or bands, indicating thickenings 
of tho valves, tho presence of a central spot (umbilicus) or of terminal ones, 
and (as Prof. Smith mentions) tho obvious varieties of form or combination 
to which the cellules submit in the progress of their formation, exliibiting 
themselves as hexagonal, circular, or irregular in outline, as distinct from 
each other, or as more or less confluent.” {Synops, vol. ii. p. xxiv.) 

Kiitzing has extensively used the circumstance of the presence or absence, 
the number and the position of apparent porgs, not only in constituting 
genera, but also tho higher divisions, families and orders. The figure of 
frustulcs on a transverse section, or an end view, is another point he has 
resorted to in framing his classification. He would, indeed, appear to assign a 
yet higher importance to the central spot or umbilicus than Ehrcnbcrg him- 
self, since he has distinguished his tribes Striate^ and Vittaim, respectively, 
into two orders, Stomaticce and Astomaticas, according as this structural pecu- 
liarity is present or absent. So, again, in the case of tha Navicular fnistules, 
he has constituted Surirella with some other genera into a family Surh'elleaSy 
separated from Naviculay Pinnularia; and other genera, and placed in a dis- 
tinct order of Striatce, booause the former group is destitute of an umbilicus 
(hence Astomaticce), which the latter possesses (the Stomatix^), Moreover, 
as the family Naviculese, along with others, presented an umbilicus on each 
valve of their fnistulc, the term Distomaticcp. was applied to distinguish them 

H 2 



TOO 


GENERAL IIISTOIIY OF THE INFUSORIA. 


from other families having an umbiliciis only on one valve — Monostomaticoc. 
In this plan, therefore, Kiitzing assigned to the circumstance of striation an 
altogether seeondarj" place to tliat of the existence of a central umbilicus, 
asserting that the presence or absence of transverse striie was inconstant, 
and therefore not to bo used in generic distinctions. 

Meneghini critically rc\dcws Kiitzing’s system of classification, and points 
Out many anomalies and cn-ors in it. In the thi'ee proposed tribes,” re- 
marks this author, “ we have unnatoal dismemberments and associations. 
The same conclusion prevtiils also in respect to the six orders, as well as to 
the ulterior divisions in the first two, taken from the continuity or inter- 
ruption of the striae and the presence of one or two stomatic apertures ” {op, 
cit, p. 492). Por instance, he asserts that the character of the median 
•aperture, giveji as distinctive of Tahellm'ieffi from Stnatellece, is absolutely 
false ; and he doul)ts generally of the presence, constancy, and value of a 
median aperture in framing such distinctions as Kiitzing has done. The 
Actmiscece he would separate from the Diatomeoe. 

Again, proceeding ou the priiici])lc that no one character can be allowed 
an absolute value, ho divides the Diatomcjc into two sections, the Actm{sce<K 
and Lorkatce. Of the latter he would create 8 families : — 1. Eanotieoi ; 
2. Framlnriece (uniting with them the Meridiea^ SfnafeUe(f!, and TahellarietF) ; 
8. Mdosirecf;, compiising tl\c Cosci nodi scat?, Tnpodiscecp, Angidifercp, Bid- 
didpliiap, and Angidattf' ; 4. Coceoneidett? ; 5. Aclmanthece ; (3. CijmhellecB ; 
7. Navkidece (with all the SnrireUecF) ; 8. (/omphonemae (with all the 
Lkmoph<me(H, except the genus Liemophorn).^^ 

To the presence or absence of an external muco-golatinous investment 
around the silicioiis frustules, this natimilist gave little weight in framing a 
classification, reckoning it, together with the existence or not of a ])edicle 
or of concatenation, as scarcely admissible in the identification of species. 

On the other hand, Prof. Smith has employed these circumstances, con- 
sidered in relation to tlie process of self- division, as the basis of liis system 
of classification. He would look to the phenomena of reproduction as the 
most sure basis ; but in the absence of precise information, except in a few 
instances, these arc at present inapplicable, and self-division seems to him 
“ to come next in order, as a most important function connected with in- 
crease and growth, and to supply the necessary variety of plienomena on 
which to ground our sectional divisions.” And he thus proceeds to explain 
his plan {Synops, i. p. xxviii) : — 

I have therefore s(?paratcd those forms Avhero self-division is accom- 
panied by the sccixjtion of a permjincnt gelatinous or membranaceous envelope, 
in which the fnistules arc subsequently iml?cddcd, from those in which such 
secretion is altogether absent, or is represented merely by a cushion or 
stipes, to which the frustules are attached by a small portion of their sur- 
face ; and I have placed the latter, as of simpler organization, in my first 
tribe, arranging the genera belonging to it into subtribes, depending upon 
the permanency or otheiwise of the connecting- membrane, another product 
of the self-dividing process. This enables me to place apart those genera 
whose species present ua with frustules in which the union of the colls is 
dissolved almost immediately upon the completion of self-division, as well as 
those where a cushion or stipes still maintains a kind of indirect individuality 
in the dirided frustules, from the genera in which the cells cohere after 
gemmiparous increase, and by such coherence form filaments of various 
lengths and fonn'^^, allotting the latter to subtribes whi(jh respectively pre- 
sent a compressed filament, a zigzag chain, or a cylindrical thread. In tho 
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second tribe, including those genera which have frondose forms, I* find cha- 
racters for my subtribes in the nature of the frond and the an'angcment of 
the frustules. 

“ I do not propose this arrangement as free from exceptions or even serious 
defects ; but I haN o adopted it in preference to those hithcrio given, as bring- 
ing more fre(iucntly together forms allied in stmctiu’o and mode of growth, 
and as being at the same time more strictly m accordance with the extonial 
physiognomies of these organisms, and therefore more likely to bo appre- 
hended by the iiKpiirer entering u])on the study of this dei)ai*tment of natiu'e. 
A wider study of Diatomaceous forms ^vill doubtless load to more accurate 
and more natural generalizations.” 

We subjoin the systems of classification proposed by Kutzing and by 
Smith. The former is presented in a tabular form — 


DIATOME^. 


Tribe I. 
(Striatae. 


/ 


Order I. 
Astomatice. 
Without, a fcutral 
opL'iiing on the 
secondary aide. 


Order II. 
Stomatic*e. 
With ilic central 
opening. 


* Transverse striie unbroken. 

Family 1. EunoticiB. 

2. Meridiete. 

- 3. Fragilarieic. 

** Striae broken (interrupted) in the median lino. 
Family 4. Meloairc®. 

5 . Surircllea?. 

Family 0. Cocconcidcap. 

7. Achnanthcaj. 


1 


h. D1STOMATIC.E. 

Family 8. CymbeUea*. 

9. Ooniplionemca*. 

JO. Naviculeu?. 


I With a median aperture on each 
secondary sirnfacc. 


Tribe TI. 
Vittatae. 


'' Order 1. '' 

A.'JTOMATIC.E. 
Without median 
aperture on se- 
- condary side. ^ 
Order II. 
Stomatic.e. 
With a large dis- 
tinct one. 


Order I. f 
Disciform.e. I 


Tribe III. I Order 11. 

Areolatup. ' Aitendiculat.e. 

Appended doubt- 
^ ful forms. 


11. Licmopliorejc. 

12. Striatcllea\ 


13. Tabellaricpp. 


14. CoBcinodisccse. 

15. Angulifer®. 

10. Tripodisceo?. 

f7. Biddulphie®. 

18. Angulat®. 

19. Actinisce®. 


The Synoptical Table of Prof. Bmitli contains only those genera then 
known in Britain ; but since the date of its publication not a few others 
have been added to the list. 

Class CKYPTOGAMIA. 

Subclass ALO^E. Natuhal Oudkr DIATOMACE^E. 

Plant a f'RUSTULE ; consisting of a unilocular or imperfectly septate cell 
invested with a bivalve silieious epidermis. Gemmtparous increase, by 
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Self-Division ; during which process the cell secret6s a more or less sili- 
cious Connecting Membrane. Heproduction, by Conjugation and the 
formation of Sporangia. 

Tribe I. Frustules naked ; not imbedded in gelatine nor enclosed in mem^ 
hranaceous tuhe^. 

Subtribe 1. Connecting membrane deciduous ; frustules solitary or du~ 
ring self-division in pairs, rarely in greater numbers, 
adherent or free, dispersed, or aggregated into a mucous 
stratum. 

22 Genera. Epithemia, Eunotia, Cymbella, Amphora, Cocconeis, 
Coscinodiseus, Eupodiscus, Actinocyclus, Arachnoi- 
discus, Tricemtium, CyclotcUa, Campylodisciis, 
Surirella, Tryblionella, Cymatoplcura, Nitzschia, 
Amphiprora, Aniphipleura, Navicula, Pinnularia, 
Stauroncis, Pleurosigma. 

Subtribe 2. Connecthig membrane subpersi stent ; frustules after self- 
division attached by a gelatinous cushion, or dichoto- 
mous stipes. 

7 Genera. Synedi'a, Doryphora, Cocconema, Gomi)honcma, Po- 
dosphenia, llhipidophora, Liefnophora. 

Subtribe 3. Connecting membrane evanescent, or obsolete ; frustules after 
self-division united into a compressed filament. 

12 Genera. Meridion, Bacillaria, Ilimantidium, Odontidium, Den- 
ticula, Fragilaria, Eucampia, Achnanthes, Achnan- 
thidium, Bhabdonema, Striatella, Tetracyclus. 

Subtribe 4. Connecting membrane subjyersi stent ; frustules after self- 
division united into a zigzag chain, 

6 Genera, Diatoma, Grammatophora, TabcUaria, Amphitetras, 
• Biddulphia, Isthmia. 

SuBTRiBE 5. Connecting membrane sidtpersistent as a silicious annulus; 

frustules after self-division united into a cylindriad 
filament, 

3 Genera. Podosira, Mclosira, Orthosira. 

Tribe II. Frustules invested with a gelatinous or membranaceous envelope. 
SuBTRiBE (). Froml imlcfinite, mammillate ; frustules scattered. 

1 Genus. Mastogloia. 

Subtribe 7. Frond definde, comprc.ssed or globular ; frustules scattered. 

2 Genera. Dickieia, Bcrkclcyia. 

Subtribe 8. Frond definite, filamentous ; frustules in rows. 

3 Genera^ Encyonema, CoUctoncma, Schizoncma. 

Subtribe 9. Frond definite, fllamenious ; frustules fasciculated. 

1 Genus. Homococladia.* 

On the Mode of obtaining DiATOMEiE. Preparation of Diatomaceous 
Deposits mixed with Mud or in the Fossil State. Preservation of Spe- 
cimens. Many hints on the obtaining of specimens of Diatomea? arc scat- 
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tered in previous sections of this history of the Order, particular^ in that 
on their habitats (p. 75) ; yet, to make the directions complete, additional 
details arc necessary. 

Where Diatomese in the living state exist in any considcmble number, 
they usually form a brilliant cinnamon, or sometimes an olive-brown film or 
patch, and thereby become visible to the naked eye or to an ordinary lens, 
adheupnt to various water- weeds, to decayed portions of wood, leaves, or 
other floating substances, or as a patch on the mud at the bottom, or other- 
wise floating on the suiflicc of the pond as a scum or film. Besides such 
positions and such collections, Diatomcm exist diffiiscd more or less abim- 
dantly through tlic water or in the mud itself (sec p. 75 et seq.). 

When seen adlicrent to an aquatic plant, the process of collection is very 
simple — ^by carefully gathering or removing the plant from the water and 
M'^ashing it to dcjtach the Diatomaccous fnistules, if these cannot be more 
advantageously ^dewcd whilst still adherent to its stem or leaves. So, too, 
where, mostly in conjunction with other organisms, the Diatomcfio float in 
mass, like a scum on the surface, nothing is easier than to lightly skim the 
collection from the surface. But when the layer of frustulcs reposes on the 
surface, or is more or loss intermixed with the mud, some additional pre- 
cautions ai'c required in their collection, unless indeed the film has sufficient 
tenacity, by cohesion of its component fnistules, «i8 in the case of Schizonemero, 
to allow of its being raised en masse upon some thin flat instrument, a spoon 
or spatula, insinuated beneath it. 

The general methods of collection applicable to the Desmidicie and other 
minute Algm arc equally so to the Diatomem, whilst various modifications 
will suggest themselves to the mind of every practical naturalist to meet the 
varying circumstances under which he makes the collection. Mr. llalfs lias 
kindly furnished us with notes on this point. He writes — “ It is often 
difficult to procure clear specimens of those species which form strata on 
mud ; most of them, however, can be obtained, tolerably free from the mud 
on which they congregate, by the following method, which is applicable both 
to those found in marine situations and to those gathered from the wayside. 
When the water is somewhat dried up, if the finger bo pressed upon the 
stratum with a gcmtlc force, the Diatomacem will adhere to the finger, and 
may then be removed by scraping them off upon a piece of linen folded over 
the edge of a tin box or of a knife ; by reiieating this process, a sufficient 
quantity can easily be collected. At fii-st, probably, a portion of mud, espe- 
cially if vejy Avet, Avill also bo taken up ; but a little practice Avill soon show 
the force requisite for places where the water is plentiful, and for those 
where it is nearly dried up. Specimens thus collected can be prepared for 
mounting with much less trouble than if gathered mixed with a large quan- 
tity of dirt.” 

When it is wished to capture frustulcs diffused in water, a piece of muslin 
may be used as a filter, just as for Desmidiem, and the residue left upon 
it examined as it is, or, if required, Avashed, to detach foreign matters mixed 
Avith it. Where some admixture of mud is unavoidable, frccpienl Avashing of 
the collected substance Avill often suffice to separate sufficiently the sHicious 
frustulcs from the other particles — ^the heaAder grains of sand sinking to the 
bottom of the vessel, Avhilo the Diatoms are still suppended in the fluid ; and 
on the other hand, the decayed organic and other matters, lighter than the 
frustulcs, Avdll remain in the supernatant liquid after the latter arc precipi- 
tated. llcpeatcd careful decanting and washing may be all, therefore, that is 
required. 

Another method applicable to recent living . specimens, dependent on the 



104 


GENEUAL HISTOBY OF THE INFUSORIA. 


tendency* towards the light, at least, of many species, may be adopted by 
placing the half-liquid mud in shallow pans or plates in the sunshine, when 
many species may be found to rise as a film on the surface, or to congregate 
near the edge or sides of the vessel. 

WHicn the fnistules are much intermixed with mud, which is, under cer- 
tain circuinstanccs, inevitable, vaiious jdans have been adoj)ted for separating 
them for examination. Mr. Okeden details the following plan, whicli^ with 
certain modifications to be mentioned, has been described also by Dr. H. 
Munro : — 

‘‘ The plan ” (./. M. S. 1855, pp. 158, 159) consists in making the deposits 
fall through a constant depth of water, in various periods of time ; thus 
dividing the Diatoms, according to their sizes, into portions of several dif- 
ferent graritics.” It is thus carried out: “ Take about a cubic inch of the 
clay to be (examined, digest it for about four hours in strong nitric acid at a 
moderate temperature ; now add gradually an ecpial quantity of hydrochloiic 
acid, effervescence takes place, a further action on the clay ensues ; keep 
boiling for about three hours more, occasionally stirring, and then allow the 
mixture to cool and settle down, which it will do in about an hour ; pour off 
the superfluous acid and wash the residue repeatedly with water, so as to get 
rid of the remaining acid. 

“ The next operation is td divide the sediment into portions of vtirious 
specific gravities: for this purpose it is necessary to*' have several beakers, 
about or 4 indues in bcaglit, and about 1 i- to 2 inches in diamc'ter ; also 
one very large beak('r, about fi to 9 inches in diameter; we will call the largo 
beaker A. Now transfer llie sedinicait into one of the small beakers, and 
pour in water till there is just 2 inches d(q>th of water in the glass. Htir, 
and let stand half a minuter by the watch, and then pour off carefully into 
the large beaker A ; repeat ibis about half a dozen times, eacdi time pouring 
off* into A all that docs not fall through the 2 inches of water in tluj half- 
minute, and at last the small bealajr will contain only what falls through 
2 inches of water in half a minute. Now let A stand about half an hour, 
pour off carefully, and transfta* the sediment in A to another small beaker ; 
put 2 inches of Avater Avitli it, stir and let stand for 2t minutes, then i)our 
oft into A. llepeat Ibis about six times, and there will now be another small 
beaker containing all that falls through 2 iiudies of water in 2*1 minutes, 
Avhilc in A is all that does not fall through that distance in that period. Let 
A stand half an hour, pour off and transfer the sediment to another small 
beaker, stir and let it stand Jive minutes, pour off into A as bedbre, and repeat 
this as before about six times. Tliere is noAv another beaker, containing all 
that falls through 2 inches o/ Avater in 5 minutes. Aft(‘r this I do not divide 
them any further, but call the last remainder, or AN’bat remains in A after 
it has stood its half-hour, ‘ Not in fiv'c minutes.’ Thus aa’c liaA'e four 
different glasses, containing Diatoms and clay mixed, of four different densi- 
ties ; thus, 0 to A ; 1 to 2A ; 2A to 5 ; not in 5. There is noAV a method of 
concentrating the coarsest of these sediments, namely the 0 to the ^ to 
2-1, and sometimes the 21 to 5. It consists in taking the beaker containing 
the sediment and pouring about an inch of Avater on it. I^et it settle about 
5 minutes, and then place the gbiss on a table, and impart a Avhirling motion 
to the whole by moving it round jxnd round, when the greatest portion of the 
Diatoms Avill rise up in a sort of eddy, Avhilc the particles of mud or sand 
will remain at the bottom, even though they are of the same specific graAnty 
as the Diatoms, and haA^e fallen through the same distance of •water in the 
same time. This is because the Diatoms are mostly and thin, Avhilc the 
particles of sand and mud are round ; in the same way, if avc take a round 
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pebble and an oyster-shell both of the same weight, and throw both hori- 
zontally into the water, the pebble will reach the bottom sooner than tjic 
oyster-shell. So, when the Avhirling motion is imparted to the glass, the thin 
flat shells of the Diatoms ^^dll rise up in a cloud, while the round particles of 
mud and sand wall, remain behind ; when the cloud rises up, pour it off (piickly 
and dextrously into another glass, and, if necessary, repeat the process ; and 
a little practice will enable the operator to separate all the Diatoms most 
<3ffectuaUy, I have said before that this process will only apply to the 0 to J-, 
j to 2^, and sometimes the 2^ to 5 sediment, but not to any finer one ; 
practice will soon teach this. The ‘ not in 5 ^ cannot be concentrated — it is 
too fine, and the 'whole rises together on imparting the whirling motion to it, 

“ It is not necessaiy to abide invariably by the dirisions of time which 1 
liavc given lujre. 

‘‘ These must bo varied, of course, according to the nature of the clay to bo 
examined. For instance, in a clay I have reccjntly tri(id from 34 feet below 
the bed of the river at Cardiff, nearly the whole of what was left after the 

0 to 1 fell in the ^ to 2l. I therefore divided it thus : 0 to -J- to Ih, and 

1 }j to 2^ ; a little practice will soon teach tliis. 

‘‘ The advantages of the plan are, 1 think, obvious. In the first or coarsest 
sediments we get all the larger and finer Diatoms by themselves, unmixed 
with, and consccpicntly unobscured by, the innumerable smaller ones and 
tlio fine particles of mud and sand, wdiile, if any of them, smdi as the Eiipo- 
disci or Cmnj^ij/lodisci, arc rare, they are sure to be found in either the first or 
second division of d(?nsitics, and by their being coiicentratcd and brought as 
it were into a small compass, the detection of them is easy and ceriain. 

“ Jn the next division, or the 2^ to 5, we shall find the moderate-sized 
Diatoms ; and lastly, in the ‘ not in 5,’ wo got a mass of the remaining and 
smalkjr Diatoms, all of which small ones arc themselves the more readily seen 
and identified w-hcai septiratcd from their larger brethren. 

“ I would venture to add, moreover, that 1 think the examination of those 
dei)osits for the various spcjcics is much facilitated, as the slides containing 
the 0 to sediment may be examined with the inch objective, the ^-incli 
w'ill do to exaiiiiue the to 2^- and 2^ to 5, while the ^-inch need not be 
used till Ave come to the ‘ not in 5 ; ’ whereas, w’crc they all mixed, the ^-inch 
Avould be required to examine the whole. 

“ I should add, that what is poured off the large beaker A, after it has 
stood the liaK-hour eac^h time, may be flung aAA^ay and the sediment only 
transferred to the small beakers, as from the large size of it there Avill rarely 
be more than 2 inches depth of water in it, and half-an-hour is ample time 
to ensure every diatomaceous particle falling to the bottom and being pre- 
served and detected in one or thb other of the fliAusions.” 

Dr. Muni*o’s plan is a variation of the above proceeding, and is thus de- 
tailed (t/. J/. S, 1855, p. 242) : I first b(»il the dej)osit in strong hydrochloiic 
acid for five or ten minutes, then alloAV it to subside, pounoff all the acid, and 
by a few washings get as much of it away as possible ; then treat the deposit 
in the same Avay Avith strong nitric acid, Avashing the- deposit by repeated 
AA^ashings to get rid of the remaining acid. When thiv^ is done, I then sepa- 
rate the Diatoms according Ho their diflerent gravities by alloAving them to 
pass through a column of Avatcr in the folloAving manner : — 

“ I take a long glass tube about four feet long and half an inch in bore. 
At the bottom of this tube is fixed a stop-cock to enable me to let out any of 
the Diatoms during any stage of the process. Having nearly filled this tube 
Avdth distilled AA^ater, I pour in my dcp()sit Avashed free from the acids. T 
Avatch the deposit as it falls sloAAdy and gradually doA\’n the tube, and Avith a 
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Coddingtdn lens can easily detect the larger Diatoms as they are precipitated. 
Ib about a quarter of an hour, many of the larger forms will have descended 
to the bottom of the tube. By tiuming the. tap at the bottom of the tube, I 
lot out a drop of the mixture on a slide, and examine it with a low power 
(^-inch) ; and if it bo tolerably clear, and the Diatoms of one character, I then 
let off five or six inches of the mixture into a test-tube, and set it aside for 
re-examination after the Diatoms have subsided. In a quarter of an hour 
more, I again let off into another test-tube six or eight inches more of the 
mixture, and place it aside to settle. In half an hour more I let off into 
another test-tube six or eight inches of the mixture, which will contain the 
finer Diatoms by themselves, generally free from all mud and sand. 1 then 
pass each of these washings again through the long tube of distilled water ; 
and by examining the mixture during the process of its subsidence, I am 
enabled to let out the heavier particles of sand or mud, and to obtain pretty 
clean all those Diatoms which arc alike in size, or at all events in specific 
gravity. Some Diatoms take a longer time than others in settling to the 
bottom of the tube, and separating themselves from extrjincous matter, such 
as the Nltzschiay Closteriumy &e. ; but, by a little patience, and an extra 
washing through the tube, these difficulties may, in a great measure, be 
overcome. By this method, I have found the Pleurosigniata, Pinnularia*, 
Surirelke, and Synedras very well separated, those of a like character being 
found together. I have been stimulated to send these few remarks on the 
washing of Diatomaceae, on account of the great difficulty I have hitherto 
experienced in procuring slides free from mud, sand, and other extraneous 
matters.” 

Mr. Okeden offers the following plan for obtaining specimens imbedded in 
mud at considerable depths, in making borings for cngineciing purposes. Ho 
prefaces the description of his apparatus by that of the usual boring ap- 
paratus, which consists essentially of any number of iron rods ” (./. M, /S, 
1854, p. 26), ‘‘which screw one into the other ; to one of these is screwed an 
auger or a chisel-point, as the case may require. This is inserted into the 
ground to be tested, and worked round by manual force and downward i)res- 
surc, length after length of rod being added as the ground is penetrated. In 
addition, then, to this apparatus, I obtained, first, several lengths of wrought- 
iron gas-pipe, about an inch in diameter, and each screwing into the other ; 
and also a similar number of iron rods, each a few inches longer than the 
lengths of gas-piping, and each also screwing into the other : to the end of 
one of these lengths of rod is attached a cork of the e^act diameter of the 
gas-pipe, or a trifle larger. This (lork is fixed by a washer and nut. The 
gas-piping should be in lengths of about 8 feet each, as this is the most con- 
venient in work : one of these lengths should also be again divided into two 
parts, which must, however, screw and unscrew ; and this length is to bo 
the one Jirst put into the ground or mud, for reasons which I will presently 
explain. 

“ The mode of proceeding is as folloivs ; I'irst, a hole is bored to the required 
depth — rfsay 20 feet— with the usual boring apparatus ; this done, the appa- 
ratus is drawn out, th^3 jointed length of gas-pipe is now introduced, — the end 
qf it, with the rod to which the cork is attached, having been previously 
stopped, the rod passing up the centre of the gas-pipe ; this is let down the 
hole, another length of j)ipe being attached, and another length of rod, and 
so on, length after length of pipe and rod, until the bottom of thC hole Ls 
reached. We shall thus have a continuous length of gas-pipings which will 
bejpenetrated by a continuous length of iron rod attached to the cork at the 
end of the pipe. It is obvious that this cork wiU entirely prevent any foreign 
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matter from entering the gas-pipe. Having thus reached the bottom of the 
hole, now pull up the cork into the gas-pipe about 4 feet, by means of the 
rod attached to it, and then press the whole apparatus into the soft mud. 
The pressure "will noAV drive the mud up into the pipe as far as the cork is 
drawn up. Now remove the whole apparatus, and by means of the rod push 
the cork back again to the end of the last length of pipe, when the charge of 
mud will be driven out in the form of a sausage ; and by rejecting the two 
ends of it, and taking only the middle piece, wo may be perfectly sure that 
the mud at that depth, and that only, has been obtained. 

Having secured the prize, the short length of pijung which contained it 
is now to be unscrewed, and carefully washed with a common gun- cleaning 
rod and some toAV, when it is ready for another experiment. 

“ With this aj)paratuH, then, I have penetrated Noyland mud in various 
places to depths of 20, 30, and 40 feet.” 

The Diatomca) existing often so abundantly in Guano may bo separated on 
a simpler plan to that pursued in the case of sedimontaiy deposits and col- 
lections of fossil specimens. The proceeding is always preceded by several 
washings in clear water, and by pouiing it off carefully, after allowing 
a sufficient time for the insoluble and more weighty particles to sub^dc. 
The subsided matter is then treated with hydrochloric (muriatic) acid several 
times, — a duo interval being allowed for the cessation of effervescence and 
for the solid particles* to settle before the decanting of the licpiid and the ap- 
plication of a fresh quantity. When the muriatic acid ceases to produce any 
chemical action, as evidenced by efforvcscenco, nitric acid should be substi- 
tuted and used in a similar way two or three times, and the mixture raised 
to nearly or quite a boih’ng heat, after which the powder collected at the 
bottom of the vessel — a conical one should, by the way, be preferred, such as 
chemists know by the name of “ precipitate glasses — is to be washed re- 
peatedly in pure water. The resultant substance will bo found to be com- 
posed of silicioiLs particles, which arc either Diatomaceous frustules or the 
silicious spicules of Sponges. 

Prof. Bailey, in a recent number of Sillhnaii^s Journal, 1856 (p. 145), re- 
commends the following method of cleaning Diatomaceous deposits, as more 
speedy and efficacious than any other he has tried, whether mixed with 
soundings, guano, or with mud, &c. : — “ Dissolve out the lime compounds, if 
present, by means of nitric or hydrocliloric acid, wash, and filter. Then put 
the moist contents of the filter into a porcelain capsule with enough strong 
sulphuric acid to make the whole a fluid mass. Heat the capsule over a spirit- 
lamp until the organic mattei's are all charred, and continue the heat until 
strong acid fumes are evolved. Keep the capsule hot, and add, in minute 
portions at a time, finely powdered chlorate of ptotassa. If the acid is hot 
enough to give off fumes, the chlorate will be immediately decomposed with- 
out the accumulation of explosive gases, and it Avill exert so powerful an 
oxidizing action, that in a few moments a carbonaceous material as black as 
ink will become perfectly clean and colourless. Nothing now udll remain to 
bo done but to wash off the acid, which is best done by the addition of water 
and repeated decantations. I would also advise that the materials thus cleaned 
should not be dried, but should be kept in bottles with a little alcohol, which 
prevents their felting together, and docs not allow the growth of the byssoid 
plants which often dovclopc in water. 

“ It is necessary to caution those not familiar with chemistry against using 
the chlorate of potassa with sulphuric acid in any other way than above di- 
rected, as violent and dangerous explosions might result. The process as 
above given is perfectly safe and very effettive.” 

Another plan of separation of the shells of Diatomeac or of Foraminifora 
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is successfully adopted by Prof. Bailey and D’Orbigny, and is thus described 
by the former {Proceedings of American Assoc, for the Advancement of Science, 
1849, p. 409) : — “ Where the mixture of inorganic matter is in large j^ropor- 
tion to the Infusoria and other microscopic organisms, and corresponds nearly 
in specific gravity,” the deposit is to be thoroughly dried, whereby the minute 
unbroken shells will become filled with air, and consequently when rapidly 
stirred uj) with water they will be buoyed up, and continue suspended after 
the inteimixcd sand has settled at the bottom. . They may then be easily re- 
moved fi*om the siu’facc and transferred by alternately touching the ISurface 
of the water with the finger, and the glass sHde on which they arc to be placed. 
The sediment, if dried again, will often yield another abundant supply of the 
minute shells. “ By the above means,” adds Dr. Bailey, “ I have obtained 
exquisite specimens from the bottom of dried-up ponds, from the sands of 
harbours, and from the mud attached to floating ice in the Hudson lliver,— 
materiiils presenting the tAVO extremes of veiy coarse gravel and the finest 
sediment, neither of vihich woidd have given good results by any other 
process.” 

In the case of some deposits the shells of the Diatomaceae arc so far the 
chi^f constituents, that no preparation is needed before subjecting them to 
microscopic investigation. 

The cohesion of Diatoraaceous deposits is at times so great that a difficulty 
is encountered in separating them. A method of dealing Avith such is de- 
tailed by Prof. Bailey {SUJ. Journ. 1856, p. 856) : — “ Many masses of fossil 
Diatomaceaj are so strongly coherent, that they cannot be diffused in water 
(for the puiqDosc of mounting in balsam) AAdthout a dc^grec^ of mechanical vio- 
lence Avhich reduces to fragments many of the most beautiful and interesting 
forms. This is particularly the case with some s])ecimciis from the ‘ infusorial 
deposits ’ of California. Some of these 1 endeavoured to break up by boiling 
in Avatcr and in acids, and also by repeated freezing and thawing when moist- 
ened, but Avithont good results in cither ease. At last it occniTcd to me that 
the adherence might be due to a slight portion of a silicious cement, Avhich 
the cautious use of an alkaline solution might remove without destropng any 
but the most minute shells of the Diatoms. As the case appeared a desperate 
one, a ‘ heroic remedy ' A\"as applied, Avhich was, to boil small lumps of the 
Diatomaceous mass in a strong solution of caustic potassa or soda. This proved 
to he perfectly efficacious, as the masses under this treatment rapidly split up 
along the planes of lamination and then crumbled to mud, Avhich, being im- 
mediately poiu’ed into a large rpiantity of Avater, ceased to be acted iqjon by 
the alkali, and gave, Avhen thoroughly Avashed, not only all the large shells 
of the Diatoms in a state of ]iiihoped-for perfection, but also furnished abun- 
dance of the minute forms. IlaA ing obtained by this method highly satis - 
factoiy results from specimens from many localities, 1 can confidently recom- 
mend it as an addition to our modes of rcsearcdi. 

“ The folloAAung directions Avill enable any one to apply the process : — Put 
small lumps of the mass to be examined into a test tube, Avith enough of a 
solution of caustic potassa or soda to cover them ; then boil over a spirit-lamp 
for a few seconds, or«4i foAV minutes, as the case may require, if the solution 
is suffieicmtly strong, the masses will rapidly crumble to mud, which must be 
poured at once into a large (juantity of Avater, which, after subsidence, is re- 
moved by decantation. If the mass resists the action of the alkaline li(]Uor, 
a still strong<^r solution should be tried, as, Avhilc some specimens break up 
instantly in a Aveak solution of alkali, others require that it should be of the 
consistence of a dense syrup. The mud also should be poured off as fast as 
it fonns, so as to re main as short ft, time as possible in the caustic ley. 

“The only specimens Avhich I have found not to give good results by the 
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method above described, are those from Tampa Bay, Florida, and the infu- 
sorial marls from Barbadoes. In the masses from Tampa the lapidification is 
so complete that the alkali destroys the shells before the lumps break up ; 
and in the case of the Barbadoes marls the cementing material is calcareous, 
and requires a dilute acid for its removal. In applying the above process, 
one caution is necessary, which is to thoroughly wash the shells with watery 
and not with acids, as the latter will cause the deposit of a portion of tho 
dissolved silica, and materially injure the beauty of tho specimens. Wlien 
the washings are no longer alkaline, the specimens may bo thoroughly 
cleansed by acids, or by the chlorate process described above.’’ 

A very ingenious plan of getting trfinsverse and obli(pio sections of Dia- 
tomacoous shells is mentioned by Sohleidcn {Prhiciples of Botanij, translated 
by Lankester, p. 594), which is precisely similar to that for obtaining trans- 
verse sections of hair, as first given in Pritchard- s Microscopic Objects. It 
consists in mixing any vciy pure deposit with mucilage, and, before the 
mixture is completely hardened, cutting oft* delicate slices with a razor or 
shaq 3 knife. The pi-esoivation of Diatomcac for examination is, on account of 
their silicious composition, easy ; and it is only in tho case of the stalked, fila- 
mentous, and frondos(i spc'cios that anj^ special arrangements arc necessary — 
except, indc(;d, those demanded in order to mount them as permanent micro- 
scopic preparations. 

Before tho structure of tho silirious epidenn can bo made out, the endo- 
chromo of living spcciincns must be destroyed, which can be eftccted by heat- 
ing the frustulcs on a piece of talc or platinum-foil. But AN'herc it is wished 
to prcs(!rvo them in a fresh state, so that their natural living appearance may 
as far as possible be retained, immersion in creosote and water is recom- 
mended by Mr. Shadbolt. I’rof. Smith, however, finds distilled water supe- 
rior to any mixture, which is no^ merely unnecessaiy, but injurious. “ If,” 
says the author last mentioned, ‘‘ the filamentous and stipitate forms arc not 
mounted in a fresh state, the frustulcs separate from each other, part from 
their stipes, and lose their chajacteristic appearance. To remedy these in- 
con venieuc(‘s, I immei’se such specimens as cannot be placed in cells when 
freshly gathered, in spirits of Avine and Avater, one part of the former to six 
of the latter ; and their attachment to their stipes remains afterwards undis- 
turbed, unless violence be employed to scpairite them.” 

Fossil, and chemically-prepared and dried specimens arc usually preserved 
in Canada balsiim, Avhich is heated and rendered fluid, so that it enters within 
tlie cavity of the fnistules. The fluidity of the balsam is increased by the 
addition of a little turpentine or rectified spirit. The presence of balsam, 
liowever, obscures the markings of the silicioqs epiderm ; and it has been 
found better, AAdiere tlie resolution or determination of the supei4icial sculp- 
turing is very difficult, to mount the frustulcs, in a dry state, on a thin 
object-glass, and under cover of a very thin piece. “ To prevent tlie admis- 
sion of moisture, which would ultimately make its Avay to the object and de- 
stroy its value, it is indispensable that the cover should bo cemented to the 
thin ghiss bcloAV.” {Synojts. i. p. xxxii.) 

In a collection of Diatomcac, avo may, by a magnifier, «uch as a Coddington 
lens, select certain specimens from the rest to be mounted. This can be 
effected, when the size permits, by the projecting terminal hairs of a fine 
camel-hair pencil, or by the moistened tip of a needle ; but if the shell be 
too minute for this, a single stout hair or bristle Avill frequently suffice, and 
more satisfactorily and readily if the hair be split at the end. Prof, lledfem, 
of Aberdeen, pointed out the advantage of split hairs for the purpose, in a brief 
communication to the .7. M. S. 1 85B, p. 2B5. He recommend a hair, split 
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into threef to fivo or six parts at one cxtromity, to bo fixed by the other in a 
piece of cork, and held in a common needle-holder. Such split hairs are com- 
mon enough in an old shaving-brush ; but the divergence of the split portions 
should bo so slight that, until pressed upon, the hair should appear single and 
unbroken. He has also found entire hairs very useful when set in needle- 
holders in a similar manner. The split hairs act like forceps, expanding by 
pressure so as to embrace the object, and closing upon it by their elasticity 
when the pressure is withdrawn. 

To select certain portions of a collection of Diatomcae from others. Dr. 
Carpenter gives these directions {The Microscope, p. 340) : — ‘‘ Either of the 
two following modes may be put in practice.. A small portion of the sedi- 
ment being taken up in the dipping-tube, and allowed to escape upon the 
slide, so as to form a long narrow line upon it, this is to be examined Avith 
the lowest power with which the object we are in search of can be distin- 
guished ; and when dne of the specimens has been found, it may be taken 
up, if possible, on the point of the hair, and transferred to a now slide, to 
which it may bo made to adhere by first breathing on its surface. But if it 
be found impracticable thus to remove the specimens, on account of their mi- 
nuteness, they may be pushed to one side of the slide on which they arc 
lying ; all the remainder of the sediment which it is not desired to preserve 
may be washed off ; and the objects mjiy then be pushed back into the middle 
of the slide, and mounted in any way that may be desired.” Sec Goring and 
Pritchard’s Microscopic Illustrations, Alicroscopic Cahinct, and Micrographia 
for much original information on these matters. 
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Sect. II.— OF THE PHYTOZOA. 

(Plates XYIII. XIX. XX. and XXVI.) 

The Beings included unueh this Natwe : thisik Genehal Chakacteii. — 
Division into Groups or Tribes. — Tm collection of microscopic beings we 
would comprehend under the term Phytozoa comprises most of tho Anentera 
of Ehrenberg, with tho exception of Anuehcea, ArceUhia, DhwJmjhm, BadU 
laria, C/ostenna, Peridinimt, and Cyclklhuu After excluding these families, 
there remain Afonadhut^ Cnjptomonadhm, Iludromoriria, Volvocina , Vihri~ 
onia, and Astasknt, wliich,' although they exhibit great diversity among 
themselves, nevertheless have certain characters in common, whilst their 
mutual difl'erences in essential particulars of organization and rittil endow- 
ments are less than those separating them from the ciliated animalcules. On 
the other hand, they — at least the majority — exhibit very marked genuine 
affinities uith the 1)h\.tomevE and Desmjdie-e as plants. In point of fact, 
these organisms stand on the confines between tho animal and vegetable 
kingdoms, — some gencm distinctly belonging to tho latter, Others doubtfully 
to the former, whilst many pass through such phases of existence that at 
one time they assume tho characters of animals, at another those of plants. 

This opparontly mixed animal and vegetable nature is expressed by tho 
term Phytozoa, derived from two Greek words, signifying i)lant-animals. 

, Another term, used by Perty, viz. Phytozoida, is a simple expansion of tho 
word PhytozoUf signifying literally aniraal-ZiX"^ plants. Cohn employs in its 
stead tho term Flayellata, derived from the locomotive organ or flagellum 
which most species ])ossess, whilst others prefer the word FlabelUfera, 

In the opinion of the majority of modern writers, the Phytozoa arc in 
general iindistinguishablc from unicellular Alga?, among tho different families 
of which they consc(|ucntly seek to distribute them ; and doubtless the 
creation of such a group is purely artificial, and cannot bo admitted in any 
attempted philosophical or natural classification of microscopic organisms. 
However, since so much uncertainty and dispute still prevail on the question 
of tho animal or vegetable nature of very many, and since our knowledge of 
the phases of existence of a large number is so imperfect, it is really impos- 
sible to establish any satisfactory* classification. * On this account, and also to 
bring together for convenience’ sake a mass of information respecting several 
collections of beings enumerated among the Anenterous Polygastrica of 
Ehrenberg, difficult or impossible to arrange imder any other heading, we 
resort to this artificial division, and in so doing have the example of Perty 
and other writers. After describing what can be predicated of the Phytozoa 
in general, we shall find it necessary to consider them qndcr several sections 
or tribes, by reason of the differences which prevail among them in form, 
mode of growth, and other particulars ; and in speaking of each tribe shall 
point out its generitl affinities to the others, and to any families of Infusoria 
or of ^Ugae. 

Figure. .Coverings op Phytozoa. — ^Thc Phytozoa are of more simple 
organization and of less varied outline than the ciliated Protozoa. In figure 
they are commonly round, or oval, or elliptical, and either present no processes. 
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or only an elongated neck bearing one or more cilia {Jlabelld) to servo as 
locomotive organs. 

How greatly their figure and size arc dependent on the external influence 
of light, is well shown by some recent researches of Cohn on Ste))ham»phcBra 
{Nov. Act. Acad. Curios, xxvi. 1857). On placing specimens oT this organism, 
some in transparent glass vessels, others in semitransparent and green ones, 
others in porcelaiTi, and others again in perfectly opaque cups, the modifica- 
tions in size and figui(‘, according to the intensity of light they received, 
were altogetlior incrc'dible. In the opaque vessels, where they got little light, 
the green cells remained delicate, smaD, and widely dispersed, whilst in the 
transparent glasses, under sunlight, they became many times larger and 
crowded together, and thcii; figure fusiform, irregular, and produced into 
numerous protoplasmic processes. Indeed, on placing two portions of the 
same collection of Stephanosphccra^^ohci^, the one in a transparent, the other 
in an opaque vessel, the swarming individuals in the two will be found so 
unlike that they might he readily conceived to be different species. 

The outline is fixed whore the organism has a film envelope ; and most of 
the Phytozoa have such in one phase of their existence, viz. when they imdergo 
the ency sting-process. We are n*)t acquainted with the entire history of 
many genera ; but from what we know of some, we may argue by analogy of 
all, that in the earliest stages of existence these cellular organisms have no 
distinctly organized wall, although they may have a pellicle derived from the 
contact of the protoplasm, of which they consist, with sun'ounding media, — a 
mere superficial induration, but no separable membrane. Such is true of the 
individual cells of Volvo.v (XX), of Ewjlemi (XV I IT. 45, 40), and of JMonads 
(XVIII. 1 to 28) in genend. Subsequently a cell- wall, the primordial mem- 
brane or sac, may bo produced, distinct and separable from the contained 
substance, Furtheimorc, many examples do not stop here, but proceed 
to throw out a second wall exterior to the last-named, separated frecpiently 
from it by a small interspace, and having a much denser and firmer consist- 
ence. The cell, or, as Prof. Ilenfrey calls it in the case of Pandorina, the 
yonidium (XIX. 01), encloses itself, in fact, within a cyst (XIX. 09), and in 
so doing mostly alters its form materially, loses its previous animal characters, 
becomes ‘ still,’ and at the same time qualifind to sustain life under various 
adverse external influences, and to continue the species by an ulterior act of 
development. In all this w’e trace an exact parallel with the history of the 
spores of the lower Algte ; and there is no question that many of the Ph3dozoa 
are no other than spores, sporozoids, or zoospores. Moreover, it is cqualty clear 
that many JMonadina and CriqUomonadina described by Ehrenberg are but 
two phases of one? and the same organism. 

Xot a f(;w Phytozoa present an additionaPeovering in the shape of a muci- 
laginous layer. This is found in isolated species, as Protococcus plavialis^ 
and generally in all the aggregated forms ; indeed, it is the principal agent 
in the construction of the latter. It has generall}'- been assumed that this 
mucilaginous investment is an extracellular product, without a definite bound- 
ary ; but Cohn (on Protoccoens, II. S. 1 853) has a long argument to prove 
that the true cell is jcepresented by it, conjointly with the included, coloured, 
apparent cell. Thus, he writes (p. 531) — “ Neither of these bodies arc true, 
perfect cells, inasmuch as the first wants the primordial utricle, and the second 
is without the true cell-membrane. The two together would represent the 
perfect cell.” Again, it is stated in the same page, ‘‘ that the internal globular 
body is not surrounded bj^ any special cellulose-membrane, but donly by one 
readilj^ destroyed by- chemical or physical agency— probably nothing more than 
a dense lav^er of protoplasm. On the other hand, the cxtenial membrane 
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represents a true cell-mcmbrane, enclosing between itself and the* coloured 
substance a colourless aqueous fluid, probably pure or nearly pure water.” 
And in the subsecpient considerations of this structure, Cohn appears to arrive 
at the conviction that the internal coloured body generally spoken of as the 
cell, tlie actual unicellular organism, represents the nucleus of aceU, of wliicli 
the peripheiy of the mucous eiiveloi)c is the boundar}'. J ii this interpretation 
of the nature of the mucilaginous envelope. Prof. Williamson concui-s. Indeed 
this accurate observer 2)roceeds, further, to show that th(*re is in tlie case of 
Volvox a true enclosing delicate membrane to each cell, and that the hexa- 
gonal form is owing to the mutual pressure of the aggregated cells (I’l. 
XX. 38). In aggregate forms, such tis Fb/co.r, Gonium^ Paudorina, &e., an 
additional common external membrane would seem to be thrown out, to unite 
together into one symmeli-ical whole the various Tnembers of the colony. 
Perhaps it should he rather called a pellicle than a membrane, seeing that its 
independent existence as a sei)arable structure cannot be demonstrated : yet 
it luis a power of resistance ; for when external force is applied to a globe of 
Voivox, the surface, though at lirst dein-essed, presently rcjcovers itself by an 
innate elasticity ; and in the case t>f Vamlornia it seems so riisistant and lirm 
that it does not indent on pressure (XIX. 01 ). 

Cell-coxtkxts. — "J' lic fluid distending the mucilaginous envi^lopo around 
most Phytozoa, in one or other stage of being, is, according to Cohn, as above 
noticed, probably pure •water. This opinion Prof. Williamson does not enter- 
tain ; for ho says (»/. M. /S. 1853, p. 55) “it is ap])ar(nitly mucilage. In a 
preparation in wliich a niimher of th(‘se objects | of Volvox] are mounted in 
dilute alcoliol, tliis gummy matter has changed to a brown colour, and refused 
to mingle with the idcohol, as would be the case supposing it to be mucila- 
ginous. This proves that it is a true secretion from the organism, and not 

merely water absorbed by endosinosis The secretion itself is, i)eiliaps, little 

more than a diluted condition of the same gum as that which is more or less 
completely converted into cellulose in the various investing membranes.” 

The ceiiti al globule, or the whole recognized oi gaiiism where a mucilaginous 
envelope is not i)resent, consists of a mass of protoplasm. At lirst it is lioino- 
geiieous and without colour; subse<|uently it bect)mes generally coloured and 
granular ; but very shortly the included mattem gather together into a sort of 
layer subjacent to the surface, .and leave the central part clear, sometimes so 
completely so that it assumes the appe.aranco of a vacuole. This substanco 
moreover has the i)ropcrty of contractility inherent in it, and would seem, in 
all essential circumstances, homologous with the simple oontractilci matter — 
the sarcodc of animalcules. Like the latter, it nifiy hollow itself out into 
vacuoles at any pai-t ; and sucli, says Cohn (7i. S. p. 535), “ are j)resciit in all 
young cells, and pLay a considerable-part in cell-division and the sap- currents.” 
The property of contractility is singularly disidaycd in the case of the actively 
moving zoospores or sporozoids of the Algjc, and in the motile form of /Vo/o- 
cocciCSy — ?*. e. in every instance where, from the absence of more or h^ss inelastic 
membranes, it can exhibit itself. The vacuoles of tlie protoplasm occur in 
varying numbers, and change or disappear from time to time : wuthin they 
contain an aqueous fluid. ^ 

The contractile protoplasm is itself colourless ; yet, cxccj)t in the earliest 
stages of development, it partakes of a green or a red colour, or of both these 
colours together, save in one sijot, which in oblong forms is situated at one 
end, and in the projection or beak (xjroboscis, Ehr., or rostellum) extending 
from the ant^ior extremity. “ It appears,” says Colm {R. S. j). 536), “ as 
a delicate, almost imperceptible layer constituting the outer boundarj’^ of the 
coloured jirimordial cell, the peripheiy of which then becomes sharply dc- 
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fined, arid, as it were, surrounded by a delicate transparent membrane.*’ 
The green colour is due to chloroi)hyll vesicles and granules, cither diffused 
or collected in a layer just beneath the suifaec. Among other contents arc 
also starch-granules without colour, and very frequently globules of oil. 

Green or red may exist alone : but more frequently green prevails ; and the 
red pigment, sometimes termed enjthrin or erythmphyll, is seen only at one 
spot, occasionally at the centre, but usually on one side of it, or at one ex- 
tremity : wlien occupjdng the position last-named, it Avas looked .upon by 
Ehrenlx^rg as an eye-speck or organ of vision. 

Although, as Cohn {op. ciU 11. S. p. 528) tells us, the green and red colour- 
ing matters dilicr in chemical and physical conditions, yet the one passes into 
the other. .The red or brownish -red colour is formed when the cells become 
drier ; but neither deficiency of water nor the influence of light appears to be 
the exclusive cause of the transition. It is csp(‘citilly in tlic transition to red 
that vesicles of an oily aspect make their appearance. Indeed, Unit oil is really 
formed, is supported both by analogy with the si)ores of many Algm which 
clearly secrete that substance, and by the vesicles in question having a similar 
refraction to oil, and behaving like it with alcoliol and ether. “ The forma- 
tion of fixed oil,” says IJraun {Uejuv., It. S. p. 200), “ is intimately connected 
with that of starch in the economy of cell-life ; its appearance, in like manner, 
announces the repose of ago in cell-life; its disappc^arance, the beginning of 
rejuvenescence. We meet with fixed oil in the cells, either mixed with starch, 
substituted for it, or gradually displacing it ; its occurrence is perhnjiS still 
more general than that of starch. . . . Like the latter, it is met with in greatest 
abundance in those parts in which vegetation is destined to rest and to await 
a future re-awakening and such uro the resting-cells of Phytozoa, in which 
a red colour predominates or exists alone, llraun furnishes an illustration of 
this in his rcniaiks on Chhtmydomonas during its slce])ing or resting state 
(op. cit. p. 214). The opinion, moreover, that the so-called red eye- specks of 
Phytozoa arc no other than drops of oil, is shared by Perty (p. 117) and by 
Niigeli {Ehzell. Ahj. p. 9). 

Si^caking of Protococcxis, Cohn remarks {oj>. cit. p. 52f5), “ The red and the 
green portions of the contents appear to be of equal physiological importance 
. . . .When still or motile cells are brought into contact with a very weak 
watery solution of iodine, they become internally, in most i)arts, of an intense 
violet or blue colour.” Yet he does not believe this colour to depend, in 
all instances, upon starch ; for the red contents ni’e ccpially coloured blue, and 
he thci’cforc surmises there may be some other substance besides starch ex- 
hibiting the same reaction with iodine. 

Pesidcs diffused chlorophyll-particles, to whi(‘h the green colour is due, one, 
two, three, or moi'o large riuclcar-likc vesicles exist in Phytozoa — indeed, in 
unicellular plimts generally — described by Niigcli under the name of ‘ chloro- 
plixyU utrichs or vtsicUs.* The number of such in an^^ genus seems commonly 
to be constant : thus, in Stephanosp7nera there are two ; in Goniiim only one. 
How'cver, they arc occasionally absent, chiefly so in more minute examples. 
In Protococcus (Chlumydococcvs), Cohn says they occur principally in the green 
cells, to the number of one, two, three or more, having the appearance of 
minute green rings, about 0-002'" in diameter — the interior being sometimes 
darker, at others more clear, and frequently almost oj)ako. Niigeli regarded 
them as minute membranous vesicles, containing a mucus coloured by chloro- 
phyll. Cohn imagined that in Protococcus they stood in connexion with the 
division of the cell, but could not determine with certainty that their number 
corresponded with that of the secondary ccUs. Kiitzing looked upon them 
as gonidia or cell-nuclei, concerned in the propagation of the individual. 
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Ehrenbcrg entertained a similar notion, and called them the testes. CauHtie, 
potash,” says Cohn (^l. N, H. 1852, x. p. 340), “which destroys the rest of tlie 
contents of the primordial cells, makes the chlorophyll-utricles of Stephano- 
spheera show themselves more distinctly as hollow rings surrounded by a mther 
granular membrane ; iodine colours them deep \dolet, wliich leads to the ctoii- 
clusion of th(3 prcseu(;e of starch.” Iodine sometimes, however, produc(>s a deep 
brown tint (Colin, 11. S. p. 529), duc», we may supiiose, to aii ulterior iiieta- 
moqihosis of the starch, as it is itself a transitional condition of chlorophyll. 

Another structure met with among the contents of some of the Phytozoa 
is the contractile vesicle or sac. This sac has been noticed in VoJvo.i\ Gonium, 
Pandorina, Chilomonas, Ca/ptoniouas^ and in Ghiamj/domonas, and its rliyth- 
mical conl nictions observed (XIX. 1(>, 33 ; XX. 40, 41). i n StephanmphiPra 
a similar vesicle was seen by Colin, but its contractility not detected: so in 
Astasia, Eia/lena (XVI U.), and Poliftoma (XX. 1, 2), a clear sac-liko space 
presents itself at the anterior exti*cmity, immediately bcmc'ath the surface ; 
but its jtltcniate expansion and contmctioii have not been witnessed. 

A nucleus is detected in Etajlcna, Astasia, Poliftoma (XX. 1 , 2, 3), and 
others in which an animal nature predominates. Even among the vegetable 
genera V^olvo.v, Pmulorlna, and Gonium (XIX. 32, 34, (51), most w^ritei-s, ns 
already seen, seem disposed to view the constant chlorophyll- vesicles as of 
a nuclear character, lii Goniiun, indeed, Cohn (Entw. p. 178) describes only 
one such vesicle, wdiiclu seems to demonstrate, its nuclear nature by breaking 
up, during the proc(3ss of fission, into as many parts as the primordial cell 
itself. Braun (op. cit. p. 1 74, in note) mentions his observation of a central 
vesicle or nucleus in Ghlampdococcus (XIX. 22, 24, 2(5), and remarks, “ in 
most of the true Palmtdlacea) there is a chlorophyll- vesicle in the centre of 
the cell.” 

The appearance of the (;olls of Phytozoa is much modified by variations in 
the relative (juantity or in the aiTfuigemont and colour of the continits, so raucli 
so indeed that such varieties have been described as diHei’ont spocif^s or even 
as different genera. Thus the accidental ])resence of a red spot, called jin oye- 
speck, or tlio occuiTcnco of a red central space, have liad a specific imiiortance 
wrongly attached to them. The inutility of characters dedm^ed from the 
disposition and a])pearance of the cell-contents, or from the figure, is further 
sliown when the effects of external agents — of temperature, of the abundance 
or deficiency of nutritive matters, of light, &c. — are taken into account ; and 
it become** oven still more evident when the changes of form one and the 
•same being may imdeigo are duly considered. 

In a previous page it lias been stated that in the earliest phase of existence, 
when the future cell is but one of several macrogonidia wdthin its mother-cell, 
the protoplasm of w^hich it consists is unenclosed by*a membrane — has no cell- 
w'all. But it would seem that a cell-membrane is wanting oven at maturity 
in some genera, for examjde, in Stephanosphrera ; for Cohn writes (A. N. If. 
1852, X. p. 32(5), “ This is not only made evident by the multifold changes 
of form which they undergo in the course of vegetation, and by the filiform 
prolongations and ramifications wliich arc produced directly from their sub- 
stance (XIX. 38, 39-53), but is clearly showm by the traijsformations which 
tno primordial cells pass through in consequence of external influences. 
Under certain circumstances namely, the filiform processes may be retracted, 
being torn away from the envelope-cell and taken up into the substance of the 
primordial cells ; the produced ends of the primordial colls also disappear, tho 
latter becoming rounded off into their original spherical or short cylindrical 
form. Such a change W'ould be impossible if tho primordial cells were sur- 
rounded by a rigid membrane, such as that of the cnvchipc-cell for example.” 

I 2 
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According to Prof. Honfrey, tho primordial cells or gonidia of Pandorina 
(XIX. S9-63), and also, in the opinion of many, tho (XV III. 45 -48), 

are similarly undefended. 

The internal globular coloured body of the motile form of Protococcus is in 
the same state. Thus Cohn (i2. S, p. 531) points out that although this 
body has a sharply delincd outline, yet, either by mc(;hanieal means, or by 
chemical reagents, the internal globular mass may suddenly be made to lose 
its contour, and to sprt'ad so as entirely to fill the cavity of the colourless 
envelope. From which it woidd appear that the internal globular body is 
not surrounded by any sj^ccial cellulose membrane, but only by one readily 
destroj'cd by cliernical or physical agency — probably nothing more than a 
dense layer of protoplasm.” 

In the case of Volvo.v the cells originate without an enclosing membrane ; 
but after tho appearance of the red spot, a delicate one shows itself, and 
extends at different points into the connecting thread-like jn'oeesses (XX. 37, 
39, 41). So in Gonhim wo may presume the primordial cells to bo oiiginally 
naked, although Cohn has not remarked this fact, but confined himself to 
describing the mature cells (XIX. 32, 34), which have an enclosing wall of 
cellulose {Eniw, pp. 175, 176). Lastly, in the ‘still’ form of Profococevs a sj)e(‘ial 
membrane invests the proto])lasmie gonidium. In Gonhnn (XIX. 34), and in 
Vblvo.v (XX. 37, 39, 40), filiform prolongations extend between the s(weral 
cells in the com])ound organism ; in Etex>h(inoiiph(ri.'a similar proi?ossos are 
given off at the opposite poles of the C('lls, and are conscMiucmtly not inter- 
current (XIX. 39). Prof. Williamson has in the case of Volvo.v offered the 
best explanation of these threads, which have by some b(*cn supposed intei*- 
communicating canals. He first makes good bis opinion that the green cell- 
likc organism rci)ros(mts the nucleus of a cell, the wall of which is sei)araled 
from it by a gj’eater or less sj)aeo ; and then he compares the proc(‘sscs in 
question udth the fililbnn extensions from the nucleus which ar(^ met with 
in many vegetable cells, siLspcmding that organ in tho centre. In the early 
stage of tlio cell, the protoplasmic substance fills up more or less comjdctely 
the cell- wall (XX. 42, 44) : by-and-by the latter liccomes outsti-ctohed from 
it by a sort of dropsical effusion within it (XX. 37) ; but as the protoplasmic 
nucleus has contracted adhesions at diflbrent parts, it becomes drawn out from 
the adherent jioints into thread-like processes (XX. 39, 40, 45), which grow 
more and more filiform in proportion as the cell-wall expands. This ex])la- 
nation (agreeing in every jiarticular with tho observed phenomena of cell- 
growth) being acceiited, it follows that these elongations are bounded hy the 
particular cell-wall to which they belong, and are not continuous with those 
of adjoining cells. The processes of Volvo.v arc therefore off-shoots of the 
protoidiusm of which each bell or gonidium consists ; they are given off before 
any enclosing wall or pellicle appears, and whilst that substance is still duc- 
tile, and they disappear on the commencement of the process of development, 
whether of macrogonidia or of microgonidia, and whether with or Avithout the 
process of encysting. 

In the case of Gonium, Cohn gives (Entiu. p. 176) a different accoimt of 
the connecting bands. It will be remembered that in this genus that ol^- 
server indicates an enclosing cellulose membrane to each cell or gonidium. 
Now this ceil docs not closely invest the protoplasmic substance at all points, 
but is so separated as to produce a hexagonal cell- wall around it, from each 
angle of which the membrane is produced in a tubular foim, and joins with 
a similar process coming from the angle of an adjoining cell (XIX. 32, 34). 
Hence each process of the membrane has a double outline, and is in fact a 
tube, only that its interior must bo presumed to be shut-off from that with 
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which it joins, by a septum representing the divisional membrane of each of 
the contiguous cells. The state of things here is therefore (^uite different 
from that in Volvox : for in the latter the ccll-mcmbranc is widely detached 
from the protoplasmic nucleus, but the adjoining cells are adherent at all 
I)oints ; the intercurrent threads arc therefore within the cells, and uphold 
an attachment between the nucleus and the cell- wall, — whilst in Oouium the 
contrary obtains : the cells themselves are not in apposition, but held together 
by a tubular extension from each angle ; and the nucleai' protoplasm within 
nearly fills the cell-cavity, and has no bands uniting it with the wall — in 
fine, the intercurrent processes of Gonium and of Volvox are not homologous. 

Besides the wall and processes just described, calculated to give strength 
and resistance to the organisms, there are also the long cilia or Jiliforni ajy- 
pendages known as filaments, flabella, or flagella, seen at one extremity of 
most rhytozoa, derived from the 2 >r<>tophismic mass. To these are entirely 
or chiefly due the locomotive powers of these beings ; they also act the part 
of nidders in turning them on themselves, and in directing them hither and 
thitlicr. Tliey do not belong to the class of vibratile cilia, but are larger, 
filiform or whiji-likc, and have an undulating lashing movement. Tn some 
cases they are many times longer than the organism to wliicli they arc attached 
(XV III. 15, 21, 22); and when two, as more frequently happens, are pre- 
s(mt, they will often cross and intertwine. At times, in elongated forms, 
they appear to be tlie mere terminations of tlic tapering-like extremity or 
neck ; but tlui rule is, they do not proceed from the ajicx itself, but from one 
side of it. Where the species is encased in a firm integument, separated by 
an interval from the central protoplasm, the filaments actually extend from 
the latter and ])erforatc the enclosed case ; in which, particularly when these 
proc(\sses are fallen away, their points of issue are occasionally to be detected 
by depressions or by pores. During frequent rapid movements these fila- 
ments are not to be seen ; but when the motion is more gentle, or they are 
at rest, or otherwise when colouring matter is mixed with the water, they 
generally become visible. Even wlnm their existence has not been noticed 
(luring life, it may be sometimes demonstrated after the drying up of the 
beijig, by the stri^ak left upon the glass where it rested. Where more tlian 
one or two filaments arc present, their whirling, and the consequent agitation 
of the fluid about them, makes their existence apparent. 

The number of filaments in Phytozoa varies. Two is the prevailing number, 
which may or nuiy not be of equal length ; but in not a few genera only one 
is foumd, e, g. in Emglma, Monas, and Ohilomonas, — whilst in othei’s more than 
two may be counted, situated together anteriorly, or some in front and others 
behind. Wlita-e two are present anteriorly, it is qot an#uncommon arrange- 
ment for one to extend in the direction of the long axis of the body, whilst 
the other trails behind (XVIII. 12, 22, 23). 

Movmmknts of Piiytozoa. — The motion of many Phytozoa is but slow,, 
and rarely intermitted ; in others it is more rapid and varied. It will bo 
modified by the figure of the organism and by the degree of firmness of its 
walls, with which it stands in inverse proportion. In Euglena the move- 
ments arc extremely varied and lively ; the being is unrestricted in its 
movements by an integument, and the contractile protoplasm has full scope ; 
it is, in fiict, in the condition of swarming gonidia, unenclosed by a wall of 
cellulose. In many species of Monas and Bodo {Cf rcomonas), the motion is 
irregular and peculiar ; it may be oscillating or rolling, at times leaping, at 
others baekw'urd. Among the Vihrioma (XVIII. 57-69), an oscillating 
spiral inoveiiK'nt is a common (jharactcristic, and cither end may be advanced. 
The revolving rolling motion of Volvocinece has for miiny years attracted 
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attention, and for a long time was deemed sufficient proof of the animality 
of tlic beings exhibiting it. It is the consequence of the play of the ciliary 
filaments of each of the component cells of the aggregate organism, which 
project beyond the common envelope : it consists in a revolution on the axis, 
and a simultaneous onward movement — ^not, however, in a straight course, 
but in an irregular one, representing a spiral or series of curves. “ The 
collective idea of such motions,” says Cohn (A. N. H, 1852, x. p. 328), “ is 
best represented by the course described by a top, which runs through the most 
varied curves, while at the same time constantly revolving on its axis.” 

Niigeli (as quoted in J. M, S. i. p. 198) remarks of sw^arm-cells (zoospores), 
which many Monads undoubtedly are, that “ under the microscope the motion 
appears very rapid, somewhat of an infusorial character, consisting in a con- 
tinual progression, in which the hyaline narrower extremity is usually in 
front, and the cell is continually turning on its long axis. Although the 
swarming bears a resemblance to the motion of Infusoria (/*. e. of Ciliated 
Protozoa), it clearly w-ants the si)ontaneity of the latter. The Infusoria 
advance, spring back, turn round, return, all spontaneously ; the swarm- 
spores pursue a uniform and, for the most part, pretty straight course, de- 
viating from it, or turning roimd only upon meeting an obstacle, impinging 
upon w'liich they arc diverted into another direction.” To this account 
Sii'bold (/oc. cit. p. 201) adds that the spores do not retreat, as if frightened, 
like the Infusoria, when they strike agffinst an object, but “ remain close to 
it, and continue their motions according to the number and arraiigoment of 
their ciliary apparatus, in a rotatory or vibratory w'ay for a little time longer, 
us if they aimed at overcoming the obstacle by force, until at last, i)robahly in 
consc(iueuce of the death of the cilia, they become still, and germination goes on. 
... The mo^'cments of the swarm -spores in general have only a short dui’ation. 
After tlio .s])oi*es have come to a state of rest, they usually become attached 
by the hyaline ciliated extremity, and the locomotive fficult}" is for ever lost.” 
In the aggregated families the process of reproduction is ever going on in 
some members of the colony, and the movements are kept up much longer. 
Braun li. IS. p. 212) represents Chlanti/dococvus as enjoying a longer 

duration of motion than is usual with the swarming gonidia of Algte, wdiilst 
ProtoroevKs virldis forms .an intermediate link in this respect betw'een it and 
the Volvoilmur. The kind of movement, he adds, is essentially the same in 
these organisms as in all active gonidia, namely an uninterrupted revolution 
round the long axis, combined with an advance towards the side of the 
ciliated point. It is, indeed, in the swarming movement of gonidia and 
sperm atozoida that the phenomena of motion arc most striking, “ that is, in 
cells which are citl^jr yet without their cellulose coating, or which never 
acquire one.” 

Cohn {li. S. p- 558) states gcnendly that, “ leaving out of the question 
the more highly organized Infusoria furnished Avitli a manifest mouth and 
Q'sophagus, the motion of a large part of the Anent€ra{¥h.v.)y the Astomn (Sie- 
bold), is not essentially different from that of the zoospores of certain Algm.” 
Likewise^, in his description of Goniiim {Eniw. p. 180), he observes that the 
movements of thisj organism resemble in every particular those of Stejdumo- 
siduera, Chlamydococcus, and other swarming-cclls, “ which cei tainly do not 
bear at all the character of purposing, conscious volition, but appear as an 
activity determined not by any external causes, but by internal causes in tlie 
organization and vital proccsst^^.” {A. N. If. 1852, x. p, 328.) 

The character of the locomotion of Phytozoa may be described in brief as 
‘ automatic accepting that term as physiologists now agree to do, to distin- 
guish sucli motion from the voluntary movements of animals. It cannot be 
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voluntary, or the result of volition, any more than the marvellous ihotion of 
the loaves of Dionoea muscipula. 

Pkocess of Nutrition. — ^Tho process of nutrition of Phytozoa is of the 
most simple kind ; and no valid evidence can be adduced in proof of the com- 
plex polygastric organization represented by Ehrenbcrg. In fact, an apparatus 
of stomach-sacs could not, by any analogy, be presumed in a set of beings 
destitute of mouths ; and Ehronberg was unable to demonstrate, even to his 
own satisfaction, an oral aperture, except in a very doubtful manner and in 
a very few instances. What he took to be gastric cells are no other than 
vacuoles* and clear vesicles — sometimes the chlorophyll-cells; the last, how- 
ever, were more commonly assumed to be ‘ testes.’ • To support his belief in 
the presence of stomachs, and also of a mouth at tlie anterior clear space, 
particularly where there is a projection of the protoplasmic mass, tlie llcrliii 
naturalist appealed with most confidence to his experiments in feeding with 
coloured substances. By this means ho believed he demonstrutcHi such 
organs in some Monadina, — but so rarely, amid a large number submitted to 
experiment, and moreover in so few species, that much weight could not be 
attached to the result, especially when it is considered how many difficulties 
and doubts must arise where such very minute' beings are concerned. Allow- 
ing that particles of colour actually entered within the interior, and were not 
merely adherent (a (piestion which the magnifying powers of the instrument 
Ehrenbcrg used could ijyc'urcely determine), it is even then much more rational 
to suppose that their entrance wtis by mere mechanical causes (by pressure 
or the like), than by the medium of a mouth. This interpretation is adopted 
both by Perty and Leuckart, who describe the introduction of such particles 
as possible, although, indeed, exceedingly rare in the more clearly vegetable 
structures, the Diatomea). The former mentions (op, at, j). (Jl) three in- 
stances in which ho encountered foreign particles within the substance of 
Phytozoa; but these would, instead of supporting, be really opposed to the 
polygastric hypothesis. Eor instance, he discovered in a Perouema a species 
of Bacilliirla as large as itself, and coiise<iuently not containable within one 
of the supposca gastric cells. 

In the case of the soft, illoricatcd minute Monadina, into which fine particles 
have found their way, it is to be remembered that they are mere masses of 
yielding protoplasm unprotected by a cuticle ; and further, we may, along 
with Perty, reasonably presume that, in some examples of the entrance of 
external matters, it has been effected much in the same way as with the 
Amoehte, by the soft substance overlying and then surrounding them. 

If a mouth and stomachs have no existence, it follows that nutrition must 
be effected by imbibition — by cndosmotic and cxosmotic action — ^just as in any 
simple vegetable or animal cells. Perty (op, at, p? (52) adduces an cxpciiment 
showing that, to some Phytozoa at least, water rich in nutritive organic 
matcrijd is necessary to their complete and lu^althy development ; ‘ for when 
taken from such water and j)laccd in other quite pure, they dwindled in size, 
although, cimously enough, tlicy at tWb same time became more active. 

To complete what we have to say of their vital endowments (iiTcspective, 
that is, of the reproductive functions), the Phytozoa seek the light ; and all 
their nutritive acts are carried on more actively underwits influence. The 
only exception is when, in the process of propagation, they arc about to pass 
into the ‘ still ’ condition and to become encysted ; then they eschew the light, 
sink out of sight, and recede to the bottom, or under cover of aquatic jdants 
or of their debris. Under the influence of light they exhale oxygen gas, 
and the green colour is especially developed, — whilst when kept in the dark 
they lose colour, become pale, and present few chlorophyll-particles. The 
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intensity* of light may be too great, and destroy life ; and a great elevation of 
temperature is less favourable to vital activity than a moderate one. Cold 
retards vital action, and if considerable, arrests it, except in the case of the 
imcysted beings, which are so modified by nature as to resist its injurious 
influence; these conse<piontly persist through the wdntcr when the motile 
forms are cut off, and in the coming spring burst forth into life. The same 
provision which imparts to the encysted organisms a tolcramjc of cold, enables 
them also to witlistaiid tlio effects of evaporation, which to the unprotected 
motile varieties is speedily destnictivc, unless, indeed, so gradual as to allow 
them time to pass into the ‘ still * form. , 

Htarch or cellulose may be detected chemically in the great majority of the 
Phytozoa; and even where iodine fails to produce the cl laract eristic blue 
colour dining life, it will at times act strongly when a breaking-up of the 
contents follows evapoi ation or some other injurious influ(‘nco. I’lic efficiency 
of nutrition is manifested by the decided changes, chemical and vital, which 
are seen in constant operation within the beings — such as, among others, 
the transformation of chlorophyll into starch, and of one or both these into 
an oily mattm*. 

When in the * still ’ encysted condition (XIX . 44-09), all nutritive changes 
arc at a standstill, and the organism may exist weeks, months, and even 
years unchanged, until oxtoiiial conditions are sui)i)licd to awaken its latent 
c*n(>rgie8 and to renew' tln^ cycle of life. In this torpid form the spores arc 
curried about with the dust, or remain buried in the earth, or arc else^vhcre 
hidden or stored up against the day of revival. 

The ])assage into the ‘ slilP condition by the throwing-ont of an external 
denser eiiveloiu) and by tlie loss of cilia, is governed, it would seem, in some 
measure by external circiiinstaTiees. Motile forms are replaced by the ‘still’ 
in whole or in part, and with greater or less rapidity, by i)onnng the water 
containing them into a larger and sballow'er vessel, and by giadual evaporation. 

i'he protoplasm of Phytozoa being homologous in all jierceptiblc particulars 
with the ‘sarcode’ of Protozoa, suffers, like it, the destnictivc jirocoss of 
‘diffliience’ or ‘ deli(|iiescencc’ when cvaiioration reduces tBe (iiiantity of 
water around the unjnotectcHl motile forms below the quantity necessary to 
\ital action, ilie first noticeable result of evaporation is, according to Cohn, 
at least in the instance of l*rotococcifS (op, clt, j). o38), a more rapid change 
of figure? and axqioa ranee, folio wed, if the evaporation continue, by difilnence, 
in which he distinguishes tw'o stages or yihases : — “ In the first, the outlines 
a])pear leas shaiqily defined, because the coloured substance is somewhat 
retracted from the border of the primordial cell f the cells become flattened, 
and at the same lime wider : the contents are also now' altered ; ju’eviously 
more homogeneous and transiiarent, they now become throughout granular, 
and the red substance runs together in large drojis. At this time the forma- 
tion of vacuoles commences ; and their number continues to increase. In this 
W'ay the ijit(‘rior of the iiiimordial cell again becomes colourless, clear as 
w liter, and the granular coloured contmits pressed against the Avails. . . .The 
figure of the cell in the Avarm time is so much expanded, that it comes to he 
applied upon the Avail of the enveloping cell, alternately filling it altogether, 
so t hat the entire zoos])orc ajipoars to consist of only a single coloured gra- 
nular A'esicular disc, corresponding in size Avith the original enveloinng cell.” 

McT/riPLicATiox AXJ) ItisriioDucTioN OF PiiYTozoA. FissTON : Mackogonidia ; 
MiciioodNiniA : Knca'sttng process: Phases of existence. — The mult qfii ca- 
tion of the indiAidiials of the species of l^hytozoa is proA'ided for by the 
]uo<*(\ss of self- division, doduidication, or fission. This takes yilace according 
to tlu? ydan obtaining in vegetable and imimal cells in general. 
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Tho ccll-contcnts di^^de into two or more segments, each of '^"hich can 
furtlicr dcvelope around- itself a gelatinous investment, and enter on an inde- 
pendent existence. In EiKjhna, self-division occurs longitudinally into two 
portions ; and the newly-developing half is of smaller size than tho other, but 
becomes complete in all its pai*ts before its severance is effected. 

The motile cells of C hlamijdococciis undergo fission into two or four seg- 
ments (XIX. 23-26) ; this takes place in the protoplasmic or primordial cell 
contained within the hyaline spherical mvelope-coW ; when division is com- 
plete, the hitter is rui)tured, tlic sections escape as independent beings, each 
throws out around itself its envclope-ccU, and in all points goes through the 
same cycle of development as the parent-cell. Man^ Monads also divide 
into two beings, whilst others sepiu’atc iifto four. In the above-cited ex- 
amples the fission is complete, and each segment, on detaching itself from the 
other, becomes an independent, free being. 

Hut this same act of fission may proceed under different circumstances ; 
and instead of a single organism, a colony may be formed, consisting of 
several individual (?ells united together, cither permanently (U' only for a 
time, within a common envelope. These aggregate Thytozoa are especially 
represented in the family k"o!vocine{r.. 

In this second mode of fission the process is repeated a greater number of 
times — for instance, some 3, 4, or 5 times — the result being a higher multiple 
of 2, the product of the first act of scission. 

Each repetition of the process of fission, from tho commencement until 
its completion, constitutes, in Xiigeli’s language, a transitional generation, 
whilst the final repetition pi-oduces the permanent generation. For example, 
ill St(phano}iith(rra two segments are prodiurcd by the act of fission, which rc- 
])reseiit the first generation (XIX. 45); then each of these subdivides, and so 
il(*volopes four portions (XIX. 40, 46) — the second generation ; and, lastly, 
each of the four sopfirutes into two, and in that way produces eight segments 
— third, and in this organism the final ov permanent generation (XIX. 
41, 42, 56). 

Unlike the segments resulting from a single act of division, or, as may 
happen, ironi this act once repeated, each newly-formed primordial cell 
do(\s not commonly surround itself with an envelope and enter on an isolated 
existence, hut tho whole eight or more continue to live within a common 
tunic, which pri'sently expands by endosmotic action and acquires a more or 
less spherical tigure (XIX. 56,57,58). Simultaneously Avith this expansion, 
the previously contiguous jiarticles arc draAvn away more and more from 
each other, and disposed within the common envidopo, after a more or less 
rc'guhir fasliion, characteristic of the siiecies to which they belong (XIX. 42, 
58). In general, the separation of the priniohlial cells is not complete; 
bonds of union h(;tweon them in their early state, Avhen closely approximated, 
heeome draum out, and ultimately present themselves as intercurrent threads. 
AVheii this series of (changes is terminated, avo have before us a reproduction 
of the aggregate organism of Avhieh the dmding jirimordial cell Avas but an 
individual member. Hraun has styled this variety of reproduction l)y fission, 
dcveloiunent by ^ macrofjonidia.'* It is Avcll illustrated in Stephano.ph(]era, 
above cited, in V'olvu.v (XX.), in Goninm and Pandorina (XJX. 35, 36, 37, 
and 62 -66), and also in undoubted Algas, tlie Jlt/drodictf/on or Water-net 
for examide. 

Ihit the segmentation of the colls of Phytozoa occurs in yet another form ; 
i.e. the fission, instead of stopping at the third or fourth generation, pro- 
ceeds still further, until 32 or 64, a hundred, a thousand and iqiAvards of 
minute cell-structures an* produced, tcclinically called ^ mkrofjonidia in- 
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tended to‘ perpetuate the species by their ulterior development. • Although, 
like the * macrogonidia,’ they are formed within a common envelope, yet 
each coll among them does not, as in those products, enclose itself with its 
own tunic, and fix itself permanently within the general investment — ^in 
other words, assume at once the ‘ still ’ condition ; but the whole, after entii'O 
separation from one another, become endued with vital activity, and are sub- 
sequently set free, by the dissolution or rupture of the surrounding parent-cell, 
os so many moving zoospores (XIX. 51). The motion of these little bodies 
within the original ccU is of a hurrying to-and-fro or up-and-down cha- 
racter, and has been styled ‘ swarming.’ On emerging from the ruptured 
coll, each little body fe seen to have a spindle-shaped figure, teiminated at its 
anterior clear and usually elongatetl extremity by two or four cilia (XIX. 52). 
In every c?sseiitial particular these microgonidia arc homologous with the 
motile gonidia, swarming-cclls, or spores of the common Algoe, such as Bry^ 
oj)sh, Codhim, Achlya, Chcetophora, (Jlothrixy Hydrodictyon, &c. Cohn’s re- 
marks on the formation of microgonidia in StepJiamsjplKvra {A. N. H. 1852, x. 
p. 540) may elucidate this subject still furtlier. He says, “ While, in the 
formation of macrogonidia, the secondary colls become sunnunded by a 
common envelope and are not free (as an entire connected family of cells 
arranged according to a definite law), in the mode of propagation of micro- 
gonidia the little secondary cells finally become totally separated from one 
another 'without secreting an envelope-cell; and in this Avay each of the 
eiglit primordial cells of the peifect Stepdianosplicera is broken up into 52 to 
04 independent, green, elliptical or spindle-shaped coiqiusclcs, which then 
separate from one another, commence an independent and active motion, and 
fill up, in great numbers (as many as 250-512), the common parent envelope- 
cell (XIX. 51). . . . The crowding-in among each other of the microgonidia of 
fStepfumoaphtem presents a picture fixing the attention in the highest degree : 
sometimes the cellules are scattered in a few large masses — ^then they unite 
again into a knot in the middle — every moment the general aspect variijs. 
At length the common envelope is mptured,” and they escape in masses 
into the water. “ Their true form may then bo detected readily by killing 
them with iodine ; they are spindle-shaped and acuminated at both ends, 
bright green in the middle, and run out into a colourless beak at each end — 
on the whole not unlike young EuyUmv, without trace of an envelope-cell 
(XIX. 52).” On reaching the water their movements arc most active, and 
then rapidly disperse out of sight. These bodies are true primordial cells, 
“ that is, primordial utricles resembling cells, organized exclusively of co- 
loured protoplasm, 'without any coll- membrane.” 

Upon a general survey of development by gonidia, Cohn remarks (A, N, 
H, 1852, X. p. 403) — AlMracting the differences which may always be 
shown between two genera, 'we detect the same law of development in Hy- 
drodictyon as in StephanospjKKra : the biciliated, less numerous macrogo- 
nidia arrange themselves into a family of cells already within the parent-cell, 
according to the character of the given conditions of the two genera, — the 
coU-family being active in the Volvocineac and immoveable in the Proto- 
coccaceoe ; while the more numerous, more actively-moving microgonidia 
'witli four cilia leave the parent-cell and enter upon a metamorphosis, the re- 
trogradation from Avhich to the normal typo of the genus has not been ob- 
seiTcd yet here, or indeed in Ihe microgonidia of any of the Algse.” It may 
be conjectured that these latter pass into a resting state, prior to any further 
development ; for both Cohn and liraun have 'witnessed this change in 
Chlamydococcus phivudfu. 

The formation and escape of microgonidia have been observed by many 
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naturalists — for instance, by Weisse in Chlorogonmmy and by Porly in each 
family of Phytozoa. The production of such bodies is frequently treated of 
as development by germs, and, no doubt, is the same phenomenon Ehronberg 
represents as viviparous reproduction. 

Microgonidia arc not so commonly developed as macrogonidia ; and indeed 
their formation would seem determined, at times at least, by external cir- 
cumstances affecting their functions and vital activity unfavourably. Thus, 
Cohn {Entw, p. 168) narrates the circumstance of the peculiar and pretty 
general development of microgonidia, in CKlamydococcuSy after a tluinder- 
storm. 

Pkocess op Excystinq : Condition of rest. — The perpetuation of Phytozoa 
is provided for, as before intimated, by another process, which both secures 
to the cells iindei’going it a power of successfully resisting influences that 
to unprotected gonidia are destnietive, and is connected with an ulterior act 
of development. This faculty of self-protection is called “ the encysting pro- 
cess,” since by it the cell encloses itself within an additional firm tunic, whndi 
surrounds it like a case or cyst, and transforms it hito a ‘ still’ or ‘ winter ’ spore. 

The process takes place in all the Phytozoa after the same fashion : the 
protoplasmic covenng of the gonidium or cell secretes around it a dense, firm 
envelo])e, which in general becomes iiiised from it all round, so as to leave a 
clear intervening space. On the assumption of this extra covenng, cells 
previously motile and active emter on the ‘ still ’ condition and lose their 
cilia ; at the same time, the character of the contents is altered, and a red 
colour frequently ac(piii*cd. The transformation in their physical structure 
is accompanied l)y a physiological change ; fry in jdaco of seeking the light, 
exlniliug oxygen, and carjying on all the vital processes wdth a corresponding 
activity, they sink to the bottom and conceal themselves from the light. It 
appears, from Cohn’s researches on Protococnis, Gonimn, and other Phytozoa, 
that they b('come rtdeased from their impiisonnumt, under the intluen(;o of 
favourable ^^xternal conditions, by the deliquescence of the rigid external sac, 
and sometimes by its tiansformation into an external mucilaginous invest- 
ment, and by thci breaking-iqi of the internal jH’otoplasmic ctdl into a number 
of motihj zoospores. 

’Ihc act of encysting may proceed with macrogonidia in their ‘ still ’ con- 
dition ; or it may overtake motile primordial colls, as in the case of Ewjhna 
and of some phases of Protocoevm, and in such, just as in the zoosi)ores of 
Algai, prove antecedent to further acts of development by fission. Cohn im- 
plies, in his histoiy of Frotocoeem, that microgonidia may themselves be en- 
cysted ; aiid the same eminent observer describes the primordial cells of that 
plant as in some instances surrounding themselves Avith a firm external 
envelope, pushing out two cilia, and moving aboht for a time in a ‘swarming’ 
manner ere assuming the ‘ still ’ condition, when the cilia disappear. Put, 
further, ho show’s that gonidia, furnished wdth a rigid extemal Avail, proceed 
to devebDpe others like thcnisclAH^s by self-division of their substance (XIX. 
2o), and that these secondary cells, each included w ithin its own sac, go on 
to divide into other spores, Avhich, however, proA’e not to be ‘ still ’ like their 
parents, nor like them cnej’sted, but motile zoospores. ^ 

In the aggregated family Voh’ocineffi, some or all the primordial cells be- 
come encysted. When this takes place, their contents grow thicker, less 
trans])arent, darker, and change from green to broAvn an(l broAvnish, or to 
a yellowish red. At the same time, the intercurrent filaments disappear, the 
cells thcm^clA’cs acquire a more spherical figure, and gradually loosen them- 
selves from the common enA’clope, and moA^e slowdy about Avithin it by means 
of tw’o cilia, until they at length escape by a rupture at some point (XIX. 44, 
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50). These encysted spores resemble Chlamydomonuds, and are called * Pro- 
toccocoid ’ cells or globules, from their homology with the encysted cells of 
Protococcus, 

Occasionally, instead of one or several of the individual gonidia of a com- 
pound organism being encysted, the process ensues with a gonidium deve- 
loped by fission into macrogonidia, and the whole mulberiy or t/veZZa-like 
mass becomes suiToiinded by a rigid envelope, either pretty closely applied, 
or separated by an interspace. 

Examples of the encysted condition will occur in the following account of 
the several groups of Phytozoa ; it suffices at present to say that Prof. Wil- 
liamson and others have pretty clearly shown that Volvox aurem is only the 
encysted or ‘ still ’ form of V, (/lobator, that Cohn has discovered the cysts of 
Stephanospluira^ Goniu^i, and Eudoriiuiy and Henfrcy those of Pandorina. 

The after-liistory of the encysted spores of Phytozoa has not yet been 
elucidated : we have above referred to Cohn's researches upon it ; but they 
are too indefinite to supply any positive information. The act of conjugation 
is common with many of the lower Algrn, but has not been witnessed among 
the Phytozoa. 

Phases of Being and Alternation of Generation in. Phytozoa. — Erom 
the preceding account of Phytozoa, it is evident that those best known exist 
under a considerable vaiiety of form — ^in other words, present several phases 
of existence, or, viewed in relation with a prevailing hypothesis, exhibit 
an alternation of generation. The whole history of any Pliytozoon is com- 
lirehcnded in the cycle of changes which the organism passes through ; yet, 
under any transformation, it ii^t the self-same being, and its existence may 
bo said to extend from its most perfect through all intermediate phases until 
the like degree of perfection is again attained. As liappens in alternation 
of generations among other organized beings, the transition may not be 
direct and simple, but intermediate phases may reproduce themselves, and 
these again develope into other forms of existence, as accessory or collateral 
and usually imperfect cycles. 

Perhaps the metamorphoses in question arc most striking in Etiglaue ; for 
the contrast between the actively-moving, contractile, ever-changing being 
in one phase of existence, and the eniiysted, ‘ Protococcoid,’ spore-like and 
motionless condition with a rigid unvarying outline, is so remarkable as to 
give colour to tlie hypothesis of the convertibility of animal into vegetable 
life, or of the transformation of animals into plants. It is not our intention 
at ])rcscnt to give illustrations of the vaiydng phases in the life of i^hytozoa 
involved in the process of fission, or of a diqdicative multiplication under its 
various forms. However, other more extended instcances of transformation 
re(iuii’e to be noted, as obseived by various niicroscopists, — althougli, it may 
be, some erroi's have crept in, from the difficulty of tracing the relation and 
succession of the different phases of being. 

As a veiy good example of the wide and vaiicd range of existence enjoyed 
by most Phytozoa, we may adduce the Protococcus pluvlalis (XIX. 20-31), 
of which the industiy and perseverance of Prof. Cohn have obtained for us 
so complete an accoui^t. According to the researches of this eminent natu- 
ralist, the simple i)Iant in question, in its motile and still conditions, assumes 
the form and characters of many microscopic organisms presumed to be, and 
deserfbed by Ehrenberg and others as, distinct existences. To quote from 
Cohn’s nieni(»ir (li. S. p. 550), We see that a single species, owing to its 
nuuu'rous modes of projiagation, can pass through a number of very various 
foiTus of development, wliich have been either erroneously arranged as distinct 
genera, or, at least, as regLiaining stationary in those genera, idthough, in 
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fact, only transitional stages. Thus, tho * still ’ Protococeus-ccU corresponds 
to the common Pirotococcus coccoina (Kiitz.). When the border becomes gela- 
tinous, it resembles P, piilcher, and the small cells P. minor. Tlie encysted 
motile zoospore is the genus Oyges granulum among tho Infusoria, resemlding 
also, on the other side, P. Uirgidus (Kiitz.), and perhaps P. versatills (Braun). 
The zoospores divided into two must be regarded as a fonn of Gyges hipar- 
tltus, or of P. dhnuliatiis. In tho qiiadriimrtitc zoospores, with tho secondary 
cells arranged in one plane, wo have a Cfoniinn. TJiat with eight segments 
corresponds to J\mdorina Mornm^ and that with sixteen to Pofri/ocjfstis 
Volvo.v. When the zoospore is divided into thirty-two segments, it is a Uudia 
or Sy^icrypfa. When this form enters into the ‘ still ' stage, it may be re- 
garded as a form analogous to MIcrohalott j^^'otogmita : this Algal genus is 
probably, speaking generally, only the product of the division in the 

Euglemr. or oilier grecoi forms. The naked zoospores, finally, would represent 
the form of a ^lonad, or of an ; the caudate variety approaches that 

of Bodo. A cntical and comparative consideration of the foregoing facts 
would therefore ajipear to render untenable almost all the pi-incipli‘s which 
modern s)’steniatists have hithm-to adopted as tho basis for construction of 
their natural kingdoms, families, genera, and species.” 

Cohn (op. cit. pp. 541,542) makes the following general deductions: — 
“ 1. Tho Protococeva pluvialis is a plant, subject to an alternation of genera- 
tions ; that is to saj> the complete idea of the species is not exhibited in it 
until after a seric's of generations. Tho forms of development which can be 
possibly com])rehended in the idea of the species do not in reality make 
themselves aiijiarcnt until a series of independent successive generations has 
been gone through. 2. The individuals of each generation are cajiablo of 
propagating themselves in new generations. 4'he individuals of the second 
generation are among th('msolves, speaking generally, of equal value : as re- 
spects the individuals of the parent generation, they are sometimes of equal 
value with flu^m, sometimes not. .‘3. If the secondary cells are not of equal 
value with the parent-cells, a scries of successive gmierations must precede 
the last gi'TieratioTi, the individuals of Avhich are again equivalent to the first 
mother-cell. The number of these generations does not setnn to be deter- 
minate.” By equivalent, the author means such individuals or generations 
as correspond with each other in their essential, physiological, and oigano- 
logical relations, although they may differ in unessential properties, such as 
colour, size, internal consistence, &c. Non-e(|uivalent are tliose gimerations 
which in their structure and vital relations exhibit essential differences, such 
as ‘ still ’ and ‘ motile ’ cells, and among these, again, their various forms, 
and particularly tliose which arc derived from a different mode of propa- 
gation. • 

Major von Flotow {Nova Acta Acad. Nat. Cmdos. 1844, p. 413), it is 
right to state, remarked on the similarity of various forms of development 
of Ilccmatococcioi {Protococcus, Cohn) pluvialis with Infusoria, signalizing tho 
genera Chihmomts, CryptomonaSy Oyges, ChlamydomonaSy Pandorina, Chce~ 
toglena, and Clmtoiyplda of Ehrenberg’s system. 

Phytozoa, or structures undistinguishable from theq;i, constitute links in 
the chain of still more maiwcllous transformations. Thus, Itzigsohn repre- 
sents several in tho history of the development of the Oscillatoricjc. For ex- 
ample {J. M. S. 1854, p. 180) — “ The filaments of Oscillatoma tenuis break up 
into perfectly distinct joints, which, at firet urceolate, soon become spherical. 
The minute yellowish- green gonidia thus arising gradually increase in size, 
become motile, and present in all respects the aspect of Chlamydomonas.^' 
These bodies gradually enlarge ; a red eye-point becomes visible in them ; 
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and, presenting a thousand intermediate forms, they grow into perfect 
Euglenasy After awhile these EiujIc^k^ become encysted, and terminate in 
the quiescent or ^ Protococcus-coni^tion,^ and subsequently, by self-division 
of the contents, are resolved into motile microgonidia which escape free into 
the water. “ If a numl^or of these remain conjoined, and move ul)out with a 
rowing kind of movement, their locomotion being governed by a common 
spontaneity, they represent a VolvoxA^ke colony, which, perhaps, may even 
have been described us Foluthv by authors. The microgonidia of the Eiujlena, 
like those of all • the Algm hitherto examined by me, are thg motile i)aront- 
cells of cxtraortlinarily minute sinml filaments. They are at first green, 
gradually becoming pellucid — exactly like the spcrmatosplieres of Spiroi/ifra, 
presenting a ^lonadiform aspect. A peculiar appearance arises when many 
microgonidia in such groups remain green whilst the others have already 
become clear as water ; the mass then presents, in fact, the aspect of being 
composed of two kinds of animalcules. Huch or similar conditions would re- 
present several species of the supposed genus Uvella (citomiis, (jlancoma, Bodo, 
&c.). Each ultimately colourless microgonidium, then, by the dissolution of 
its minute gelatinous envelope, discharges a small motile spiral filament.” . . . 
‘‘ These spiral filaments do not appear to be destined for the puiposcs of im- 
pregnation ; for they gradually incretise in length and thickness, soon exhi- 
biting numerous sinral turns,” and then exchange the SpirUla-WVii for a 
Bpirulina-iorm, ** Finally, when tboir motile faculty has become weakened, 
they affix themselves by one extremity to any larger object near (for instance, 
ConfeiTa-filamcnts, v^c.), whilst the other extremity continues to move about 
with a creeping motion — the peculiar Oscillatorian movement, in performing 
which a young filament frequently returns to the spiral. The last- described 
condition constitutes the LejdotJirhj of authors. The filaments now gradually 
become thicker ; and though at first of the lightest emerald-green, tlu^y gra- 
dually assume a deeper and deeper tint. The first indications of articulation 
arc perceptible in them, until at last a young Oscillaloria is again peifectcd.” 

liut the remarkable metamorphoses of this Oscillatorla are surpassed 
by those of the Pliytozoa of antlieridia, as recounted by Prof, llartig 
(»/. M, S. 1855, p. 51) : the antlieridia of Marchantia form the subject of 
obseivation. Their Phytozoa first assume the form of Elirenbcrg’s genera 
BpirilU4)}i and Vihrio, of which the most fVcipient varieties met with arc 
Vihrio rmjula and V, proUfera ; “ after twenty-four houi-s most of these 
Vibiios and Spirilla — after forty-eight, all of them — have become disarticu- 
lated.” The whole drop of wmter in which they float is now rendered 
milky and turbid by numberless globules, similar to Monas cre2)usculum, in a 
state of active motion ; and it is an important circumstance that Spirillum 
does not originate from Monas, but always Monas from Spirillum. After 
forty-eight hours, groups of several hundreds may freipiently be seen, in 
which the primary active motion has ceased. Shortly afterwards a sharply- 
defined hyaline skin is formed round these groups, and, as it would seem, 
by the amalgamation or conjunction of the exterior molecules ; by this 
means the young Amceha {Proteus) is formed. This transformation takes 
I)laco pretty regularly towards the end of the third day. The original size 
of the Amoeba is 1-300"' in diameter. In the course of three or four days, 
it grows to about the size of 1-100'". This species differs from the Amceben 
hitherto described, in the fact that the inner portion of the body which, bears 
the granules is much smaller than a ccrtain»hyalinc covering, which covering 
is closely attached to the hinder part of such inner portion, but ^extends far 
away from the anterior part ; and, in addition to this, the progressive motion 
in this species originates in an alternate enlargement of the longitudinal and 
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transverse diameters, and is so slow as to amount at the utmost to no more 
than 1-40'" per minute. The form of the body resembles that of Amtrha 
princeps (Ehrenberg). The vesicle in the hinder part of the body, which 
was first described by Ehrenberg as a mouth, and afterwards as an ovarium, 
is also present. 

‘‘ After four or five days the Amceha assumes a spherical shape and becomes 
motionless, the vesicular body expanding and contracting rapidly sis before, 
in a manner similar to what taKcs place in many Vorticelite. Those sphericjd 
motionless Anwebm are then for the most jmrt united by a mucilage into 
groups of from ten to twenty. The mucilage appears to bo produced by the 
decomi)osition of a cast-off external skin. 

“ In about a fortnight after the commencement of the cxiioriment, a green 
point appears in the interior of the spherical colourless body of the Anueha ; 
this point gradually increases in size until it fills up tlio entire hollow of the 
Amoeba^ and after becoming covered with a cuticle it csciipes in the form of 
an cllipti(^al bright green cell, l-JiOO"' in diameter, resembling a Profococmis. 
It exhibits a round transparent cavity, devoid of chlorophyll, corresjionding 
in size and position to the vesicular body of the Amoiba, and resembling at 
its colourless apex the motile goiiidia of Cladophom. A few days later the 
elliptic or roundish cell lengthens, a formation of transverse septa commences, 
and the unicellular Alga becomes an articulated one. 

“ All these transformations of Phytozoa into SjnriUa, Vihr tones. Monads, 
Amoeba' , uiiicellular and articulated Alga), may be observed not only in the 
detached Phytozoa, but in those which remain in the interior of the sections 
of the antheridia. In those antheridia of which the Phytozoa are not fully 
ripe, the Amoehm are seen to originate in the middle of the internal mass of 
l)hytozoary cells : some of them make their way out through the softened 
mass of cellular tissue ; but others remain in the interior of the antheridium 
until their development into an aiii ciliated Alga. 

“ Contemporaneously with Amaba, and often earlier, there may be seen, 
amidst the mass of Monads, bodies vciy^ similar in form and motion to the 
genus Bodo {socml'ts), and which increase by transverse division ; they have 
the front end furnished ^dth a long whip-shaped antenna or cilium similar 
to that of Eiajlena, At their first appearance, tlieir motion, their change of 
form, and their whole exterior dift‘er so little from the earliest states of 
Anweba, that at this period they cannot be distinguished. In these early 
stages they both resemble Chlamydonwnqjs destruens of Elirenbcrg. 

“ The above forms uniformly make their appearance, and always in the 
succession above described. It is true that other forms, such as Uvelloi and 
even LeptondtcB and Perkonicr, are sometimes met with, the germs of which 
may have been imported liy the atmosphere durirfg the observation ; but these 
organisms, which always appear, shvjly and after the commencement of the 
observation, do not interfere with the above results when we consider the 
immense number of the Phytozoa and their uniform and contemporaneous 
transformations. If about a dozen preparations are made, and if they arc 
carefully covered witli a bell-glass after each observation, and if care be 
taken not to extend the observations for too long a time jit once, at least half 
of the preparations will bo free from all admixture of foreign organisms.” 

Mr. Carter has advanced some remarkable statements respecting the de- 
velopment of Amoebiform and other Infusoria from the so-called ‘ gonidial 
cells ’ of the mucous contents of various Algie — as Chara, Nitella, Clado- 
phora, Spironyra, and llydrodktyon, and also of some Desmidieae and Eu- 
gleifiees (yl. N. //. 1856, xvii. p. 101). Again, he finds (p. 114) the cells of 
Spirogyres particularly infested, during conjugation, with Euglence, which are 
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produced with such rapidity as would lead to the conclusion that the germs 
from which they originate must have j^rc-existed in the cells in which they 
appear (as in the Charace®), without interfering with their functions. Young 
AstasicH are also developed within the cells of S^nrogyra to a great extent ; 
and although they at first have almost as much polymorphism as an AmcehUy 
still they retain thcar cilium, and after awhile assume the foi-m and move- 
ments peculiar to A^Umci^ On one occasion I saw a large Aniceha with a 
long cilium at one time assuming the forni of an Astasia, and at another 
that of an Amceha, which thus gives the link between these two Infusoria. 
The cilium, however, had not the power of the filament of Astasia, though it 
occasionally became terminal.” 

Developments of a similar llhizopodous character are, ho goes on to say, 
frequent in Ewjlena : — “ T was led to notice this development by an appai'cnt 
metamorphosis of the cell-contents of some fixed and capsuled Eaylcme into 
granuliferous Anmh(v., of a pinkish colour, within the old cell of Etiyhaa 
itself ; and the presence of several such Amaibai creejnug about the watch- 
glass, w'hile many of the colls of the Euyleniti (viridis?) were cinpt}^ or only 
contained a little effete matter, left no doubt in my mind as to the ongin of 
both colour and infusorium. It was also obseiwed in some instances, where 
the contents of the Eaylena had passed into an Amcebous mass, tliat the 
latter underwent a kind of segmentation, so that several (perhaps eight) 
small Arncehie were developed instead of one large orie^” 

Of the nature of Puytozoa. Animal and Vegetahle CnARACTERS. — 
The collection of organisms we have grouped togetlior for convenionco’ sake, 
and from want of a better aiTangement, under the name of rhytozoa, is 
actually so heterogeneous that no general discussion respecting the nature of 
them as a class is ])racticablo, whilst, at the same time, a so2)aration between 
vegetable and animal fomis is equally im])racticablo. The roraarkablo phases 
of existence through which any one species may pass upsets all our notions 
based on presumed constant charaetei's : for, as we have seen, one and the 
same being may at one pciiod of its existence exhilnt in a preponderating 
degree the vital i)henomcna of an animal, at another those of a i)lant, 
Avhenco has arisen the ■ hypothesis of the mctaraoiqdiosis of plants into 
animals, and vice versa , — an idea that has found little favour, being opposed 
to the lire vailing belief of the fixity of nature im2)osed on all beings. The 
real fact of the case is, that we have no certain criteiion between the twm divi- 
sions of organic nature Avhich can be relied on and j^ractically resorted to in 
cases of difficulty, such as many of the Phytozoa 2)resent. 

Some naturalists have broached the notion that the jdiascs of existence of 
a presumed animal or plant, which resemble in outward aspect 8 iii)posed 
independent species or genera, are* not identical with them ; so that, for 
instance, the animal-looking Amceha Ilartig met with in the developmental 
scries of Phytozoa of antheridia should not be considered really an animal 
Amoeba, but merely a vegetable mass simulating one. So, agjiin, in Proto- 
coccus they would deny anything but external general characters to exist in 
common between its forms of devcloimicnt and the several genera Cohn would 
assimilate them with. There may be some truth in this supposition — there 
may be real animal orgtinisms and true vegetable coinciding in form, yet 
distinct in nature ; but the ohms probandi rests with those who will make 
this distinction. 

However this may bo, the advance of science has rendered it certain that 
some families and geneiti which Ehrcnberg, and most obseivcrs bpforc his era, 
reckoned among animals, are rightly to be numbered among. plants, whilst 
of othera, again, it must stUl be said their position is doubtful. Deferring 
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at present a detailed review, we 'will confine ourselves to a few general obser- 
vations on the nature of the several families brought together under the head 
of Phytozoa. The Mo^mdina (XVIII.) of Ehrcnberg comprise a multitude of 
beings differing widely among themselves, and, for the most part, not placcable 
-with certainty cither among plants or animals. Of the genus Monas^ cspccidly, 
it may be said that its species are, with few or no exceptions, more phases of 
being of other organisms. Of other genera the like may be presumed, although 
the organisms in whose cycle of life they enter as one of the links have not 
been determined. Not a few are doubtless zoospores of Alga) or of micro- 
scopical Fungi. 

Uvella (XYin. 5) is, in the opinion of most authontios, a vegetable stnic- 
turc (sec p. 1;14) ; but Cohn p. 115) still seems disposed to consider it 

an animalcule, and represents Anthophnsa (see j). 135), which has likewise 
been extensively believed to be a parasitic Alga or Fungus, to bo an animal 
Uvella surmounting a branching stem. Poli/toina is another disputed posses- 
sion between zoologists and botanists : among the most recent advocates of its 
animal character is Schneider (see pp. 130-139). 

The Cnfptomonadhm would, in the language of naturalists generally, bo 
called ‘ encysted ’ ^fonadina, and, like tin's family, are di\'isil>le into tmo 
vegetable and into doubtful animal organisms, the former certainly propon- 
derjiting. The next two families, Volvocina and Vihrlonia, and more especially 
the former, may without hesitation be counted with plants, whilst the remain- 
ing one, Asfasirm, the majority of naturalists reckon among animalcules. 

HAIilTATS. OcCURUENCE IN 3IASSKS. CoLOUU CAUSED HY TITElll ACCUMULA- 
TION. — By far the majoiity of known Phytozoa are of a freshwater habit ; 
yet it may be that, were the search as diligent, marine species might be 
found in nearly equal abundance, j)firticularly in inland «ind sliallow seas, 
gulfs, or lakes affording appropriate liabitats for the larger Algie. Monads 
and Vibrios, Bodos, and the Cijclidia of Dujardin, are probably the most 
abundant and widely diffused of all created organisms, — a fact not remark- 
able when it is considered that those genera represent the piimary or ger- 
minal stage of so many organized beings, both animals and plants. Tliey 
make their appejirancc, in collections of water and in infusions, before all 
othei's, and, unlike most microscopical creatures, find a fitting habitat in foul 
or decomposing fluids as Avell as in sweet water. They also propagate them- 
selves wdth such astonishing rapidity, that the fluid or other medium in 
wdiich they occur becomes coloured by them. lloAvcvcr, this very rapid de- 
velopment, and this capability of colouring the surrounding medium, are not 
restricted to the genera named, but arc partaken by others among the Phy- 
tozoa, — for example, Uvella, Astasia, Ea^lena, ami the genera of VolvocinecB, 
all of them denizens of pure water, 'incapable of existence in impure, stagnant, 
and decomposing liquids. 

The colour presented by their accumulation in large numbers, varies 
according to the species. Thus, the Astasia JicHniatodes and EiigUyia san^ 
guinea give a blood-red colour to water. The Monas ( Vibrio) prodigiosa is 
stated by Ehrcnberg to be the cause of the blood-like spots which have made 
their appearance at times in bread and meal, much to the consternation and 
dismay of the ignorant and superstitious ; and, again, the IUr>mafocaccus or the 
red-coloured stage of the Hysginum of Perty is the cause of the phenomenon 
of red snow. A green colour is much more frequent, and due to a larger 
variety of Infusorial organisms ; such are Monas hkohr, Uvella Bodo, Cryp^ 
famonas glaum, Gonium, Chlorogonium, Euglena viridis, Chlamydomonas, 
Pandorina, Volvox, Stephanospheera, and others. 

Besides bt'coming thus obvious to common obaoTv^ation by their colour, 

K 
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many Phytozoa render themselves so by the evident masses or accumulations 
they form. The dust-like stratum frequently noticeable on the surface of 
water, or at the sheltered margins of ponds, is often composed of various 
genera, such as Euglena, Ofilorogoniumy Patvdorhm^ and Gonium, more or 
less intermingled with other Infusorial beings, such as ciliated Protozoa, 
Desmidiea), and Diatomcre. The stratum at times assumes the appearance 
of a slimy film, at others of a frothy scum. 

Moreover, the variable affinity of different genera for light will cause a film 
at one part of a pond to- differ in its composition from that at another, when 
the degree of exposure of the two is different. Purthcr, there may be a 
transition of colour, by the changing phase and attendant change of hue of 
those organisms, or by the effects of the sun’s lieat and light at noonday, 
and of the darkness of night. Hence a pond which may be coloured green in 
the warmtli of the day, when tlio sun’s influence brings the Phytozoa to the 
surface and causes their rapid development, may in the morning and evening 
become quite clear, owing to their settlement at the bottom. 

Of the modes of obtaining the Phytozoa for examination there is nothing 
special to record, except it be a plan mentioned by Cohn in his account of 
Stephanospheera (A. N. II. 1852, x. p. 405) : — ‘‘At their stations,” writes this 
observer, “ the Steplmmsp}imra-\s\}\iorci^ occur mingled with Chlamydococcus^ 
but by no means in the abundance requisite for the invesligation ; and although 
green clouds do collect at certain points in the water Adiolly composed of our 
Volvodneoi^ it is difficult to extract sufficient of them for examination, since 
they immeiately start apart when touched. I succeeded in overcoming this 
inconvenience by a simple means, so as to bring thousands of these elegant 
organisms on to the object-holder at any moment. I took, namely, a flat 
bottle with a short narrow neck, and nearly filled it with the water contain- 
ing Stephnnosphcercey stopped it with a eork, and then laid it horizontally, so 
that the cork partly dipped in the water. In a few hours almost all the 
Ste27ham$2)hcerce in the water collected on the cork, which was covered with 
a green coat, composed exclusively of the revolving spheres, while the rest of 
the water in the bottle contained only Chlamydococcus, and scarcely any 
StepJtanosphcera ; so that when I wished to examine them I had only to take 
out the eork, and a drop of the water adhering to it furnished me with all the 
stages of development of our organism simultaneously in very large numbers. 
After a short time the Stephanosphcerce had again assembled on the cork.” 

For a more satisfactory elucidation of the Phytozoa, of their structure and 
physiological action, it is necessary to enter into more detail ; and since there 
is so much structural diversity among the several groups or tribes, this more 
lengthened account must l;)e given of each tribe sci)arately. And first — 

FAMILY I.— OF THE MONADINA. 

(Plate XVIII. 1~28.) 

In the systematic portion of his great work, in 1838, Ehrenberg instituted 
the following genora of Monadina, viz. Monas, Uvella, Polytoma, Microglc'na, 
Phacelomonas, Olenomorum, Doxococcus, Ghilomonas, and Bodo. Subsequent 
researches led him to add the genus Chloraster, and to remove Polytoma in 
order to unite it with a newly discovered genus, named by him Spondylomorum, 
in a distinct family, the Uydromorina. This family, however, deserves no 
special consideration, but will fall within the compass of our general remarks 
on the Monadina, as will also the genus Aniliopliysa, in accordance with the 
results of Cohn’s researches. (See Part II., Systematic History of Monadina.) 
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Very little observation and reflection will soon convince the student that 
the members of tliis group of beings can be distinguished by no such constant 
definite chai'acters as suffi(;e to establish genera and species with any j^re- 
cision ; their histoiy is too imperfectly known, and their individuality is un- 
proved. If they make their appearance in a fluid, it is only transitory ; for 
they are soon replaced by a different series of existences, and direct observa- 
tion has shown many of them to be no other than transitional i>hascs of life 
of other organisms. Thus, Dujardin advances as an apology for his attemiffed 
classification of lilonadiiia, that the generic distinctions he has essayed to 
make are entirely artificial, and simjjy intended to fa^jilitatc the naming of 
Infusoria which may have been met with in any particular infusion, but 
which, when better known, may prove in some instances mere varieties of ono 
and the same species ” {Hist, Inf us, p. 273). fSiebold entirelj'^ rejects this 
family of Moriadiua from the Infusoria, believing them only embryonic forms, 
and chiefly zoosi)ores of Confcrvtc, &e. {jhiat, d, wirbellos. Thieve, 1848, 
p. 8). In so doing he has had many approvers, — among them the eminent 
natumlist M. Agassiz, who thus wuites; — “ Jlecent investigations ui)on thp 
so-called An(‘ntera have satisfactorily showTi, in my opinion and in that of 
most competent obscjvers, that this type of Ehrenl)crg*s rolygastrica, without 
gastric cavities and without alimentary tube, are really plants belonging to 
the order of Algjc in the widest extension of this group, while most of the 
Monas tribe are merely moveable germs of various kinds of other Algai*' 
(A, N, 11, 1 850, ri. p. 156). Nevertheless the character of this treatise renders 
it nccessaiy for us to present Ehrenberg’s views of organization. According to 
these, “ the Monadina are illoricated, with a homogeneous body, and no extcimil 
appendages except cilia, having many separate gastric sacs or vesicles, but 
no alimentary canal connecting them, and a bisexual or hermaphrodite pro- 
pagative system. They multiply by simple luid complete self-division of the 
body into two, foui', or more individuals. The uniformity or unvarying 
external form may be considered one of the principal chamcteristics of the 
family ; for no one of the Monadina can voluntarily alter the shape of its 
body, nor can it extend any poriion of it find then contract it again. Pro- 
pagation by ova is assumed of all the Monadina, and by living young, or 
vivii>arous reproduction, in Monas vwq^ara. Some of them have an cyo- 
spcck, hut no vascular or respiratory system is discernible.” 

Although the general characters of the Atonads are rightly delineated in 
this account, yet the peculiar hjTJothcsis implied will not at the present day 
find supporters. Dujardin denied the presence of an enveloping skin or 
integument ; and if a separable distinct tunic is intended, tliat naturalist is in 
the right ; yet it would be an error to ignore tlip existence of a layer of 
different consistence to the containdd matter, i, e, of a pellicle. Besides such 
a peUiclc, some Monads, at least, have the pow'er of secreting around them- 
selves a second external envelope or c^-st, or of ‘ encysting ’ themselves. 
When thus transfonned, Ehrcnhei'g woidd not recognize them as Moimdina, 
but as Cryptomonadina, or loricatcd Monadina, Hence one source of error 
in his distribution of these minute microscopical forms. 

Tho invariability of form and incapability of cxtending«and retracting the 
body, so prominently advanced as special features of IMonadina, Dujardin 
docs not admit as facta, but, on the contrary, states them to be without 
integument, and susceptible of adhesion to ono another or to foreign par- 
ticles, and to bo capable of stretching themselves out so os to alter their form, 
even so far ast to produce an expansion which may at times bo mistaken for 
another filament. Some Monadina, he adds, can, while freely swimming 
about, change their form, and by so doing approach the character of Amcehef, 
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This power of the Monadina to become jiolymoi’phic is likewise alluded to by 
Mr. Carter {A. N. //. 185G, vol. xviii. p. 122). 

According to modern phraseology, we might describe these beings as com- 
posed of protoplasm enveloped by a i)cllicle, and as having an extension of the 
protoplasmic mass developed in the form of a dagelliform filament, to serve 
as a locomotive organ. The presumed gastric cells arc the vacuoles in the 
protoplasm hollowed out spontaneously within it, and ever changing in posi- 
tion and magnitude. Dujardin aflirtns that they at times form near the 
surface, open externally, and on again* closing uj) include foreign particles 
wliich have found their way within them, and that they thus act in some 
measure as instruments of nutrition in aid of the general process carried on 
by endosmosc or absorption. 

That the Monadina had a mouth communicating with the ‘ gastric sacs,’ 
Ehrenbcrg believed to be demonstrated by the introduction of particles of 
colour within those cavities from without. “ The nutritive apparatus,” he 
tells us, “ may be readily seen in some sjiecies in their ordinary state (for 
instance, in Monas guttida and M, vivqjara), whilst in others it is proved by 
using coloured food (for example, in Monas Termo and M, sodalis). It consists 
of several distinct or separate cells (from 8 to 20), not all filled at .the same 
time, but one after the other. Iliese arc always invisible when empty, but 
when filled with limpid fluid api^oar like so many lucid vesicles.” Cohn states 
that he can confirm the accuracy of Ehrenberg’s obscl'vation of the entrance 
of colouring particles into some Monads, and therefore inclines to the belief 
that such examples must have an oral aperture, and be of an animal natuic 
(Entw. p. 1G2). To this he adds that many of the Monads of Ehrenbcrg 
may really be swarm-spores of microscopic Eungi ; still he holds it to be 
improbable that true plant-cells should take up within them indigo-particles. 
So, at p. 148, when remarking on the precise similarity in all visible features 
of the swaim-spores of Adilya prolifera wdth Trldiodhm grandmella and 
Bodo saltans^ he says Ehrenberg’s Bodo cats indigo-particles, which is not 
the case with the form in question. 

What weight should be attached to these observations of the reception of 
molecules of colour within Monadina, as proving a mouth and stomach-cells, 
must be decided by further experiments. Sometimes, possibly enough, when 
the minuteness of the objects concerned is remembered, the colour-grains 
have not actiuiUy been within, but above or below them, on the surface ; and, 
again, other experimenters damage the force of the argument by affirming that 
they have succeeded in getting colour taken up by Diatomem, and by undoubted 
vegetable- cells. This statement has been made, among others, by Braun. 

After the consideration, given in a previous page to the nature of the 
supposed eye-specks, further reference to them here is uncalled for. 

Concerning the modes of multiplication, the great Berlin micrographer is 
correct in his account of the process of fission ; yet few will join with liim in 
describing ova and riviparous reproduction among Monadina, or in imagining 
distinct male and female generative organs — in other words, an hermaphrodite 
(monoecious) structure. Certainly the phenomenon Weisse witnessed in 
Chloroyonium eudilorum, of the development and subsequent discharge of a 
host of young germs, might be termed viviparous reproduction ; but it is no 
other than the usual plan of development of microgonidia among Algse. In 
fact, no one has witnessed the development and extrusion of germinal ova, 
although the breaking up of the substance of Monadina into minute particles, 
by the process of difflucnco or by often-repeated fission, and the reproduction 
of gonidia may be constantly noticed. Forty so far countenances Ehrenberg’s 
views as to affirm the development of Monas vivipara and of M, Lens by 
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germs which, whilst still within the parent-cell, exhibit an oscillating move- 
ment. He would even extend the phenomenon to all Monads ; yet we regard 
it as no other than that of gonidial development. Another circumstance 
this same writer points out is, that in Monas Lens and allied forms, the 
anterior individual produced by transverse self- division is 3 to 4 times 
smaller than the posterior, and that in Tetramitus rostratus, where longi- 
tudinal fission prevails, the right segment is much less than the left. It is 
this unequal segmentation of Monads which induced Dujardin to represent 
their multiplication to occur by the detachment of a lobe or of an expansion, 
and not by actual self-division : but in our opinion such a distinction is too 
refined ; for the term self-division has a meaning wide enough to embrace the 
phenomenon of fission whether by equal or unequal segments ; indeed the 
latter variety is sufficiently common where no difficulty is felt in reckoning 
it a mode of self-fission. 

In further elucidation of this act of segmentation in Monadina, we may add 
the following remarks from Schneider {A, N, U, 1854, xiv. p. 327-328). 
Speaking of Chilomonas Paramecium, this author writes — ‘‘Wljatever number 
of these animals may be observed, no trace of division will over be remarked 
in them. Very rarely we may see tivo individuals adhering by their middle, 
evidently produced by a longitudinal division. We shall endeavour to ex- 
plain this. On close examination, one or two reddish lines may be seen 
running backwards froni the bottom of the indentation, which might readily 
bo taken for organs lying in the interior of the body. I have convinced 
myself, however, especially by the comparison of the process of division in a 
species of Bodo, that these lines indicate fuiTows, which gradually divide the 
whole by cutting deeper and deeper on each side. As dunng this process 
the animal undergoes no change of form, except in becoming a little broader, 
and the division takes place along its whole length, the process must readily 
escape observation. The anteiior end Ls always a little thicker ; the furrows 
consequently arc deeper and more distinctly recognizable in that part. With 
a suitable arrangement of the microscope, it is evident that, the two furroAVS 
being looked at simultaneously, two reddish lines are seen. It is only in 
rare cases, when the division has taken place more slowly in some i)articular 
spot, that the twm specimens must endcavoiQ’ to tear themselves free, and 
thus, by twisting in contrary directions, draAV our attention to them. That the 
process of division is effected in a similar manner in other Monadina, appears 
from an observation of Ehrenberg’s upon Cryptomonas cylhulrica (p. 42) ; — ‘ I 
saw no instance of constriction or fissation ; but two individuals Avere swimming 
wliilst adhering together, which might lead one to suppose that a longitudinal 
division from behind forwards had taken place.’ • And it is not improbable 
that the specimen represented by him on tab. ii. fig. xix. 2, with two seminal 
glands (nuclei?) and two longitudinal lines, was in the act of division.” 

That Monads arc only the fii’st and simplest stage of existence of numerous 
animal and vegetable organisms, is an undoubted fact ; but, if we may credit 
some observers, their transformations are, in certain cases, very extraordi- 
naiy. Thus, Stein represents the nucleus of encysted Vorticelhe to break 
up into Monads (the Monas colpoda or M, scintillans), which by various in- 
termediate stages become reconverted into Vorticelhe. So, again, Hartig 
(J. M. S. 1855, p. 52) and Carter (A. N. H. 1856, xviii. p. 122) represent 
the conversion of Monads into Amcelne, the former by a coalescence of a group, 
the latter by the simple assumption by individual Monads, on losing their 
cilia, of polymorphism. Lastly, the resemblance of the zoospores of Achlya 
to Bodo saltans has already been mentioned to be complete in every respect, 
save in the non-imbibition of colouring particles. 



134 


GENERIL HISTORY OF THE INFUSORIA. 


Few details, excepting those comprehended in attempted generic and specific 
characters, have been publislicd by observers on the genera of Moimdhm in 
general. Uvella, Anthophysa, and Pohjtoma have, however, received more 
attention than the rest ; and the results arrived at we will here abstract. 

Uvella is, in the system of Ehrenberg, characterized by the aggregation of 
numerous Monads (XVIll. 3), severally imdistinguishablc from simple isolated 
species (XVIII. 4), into spherical or mulberiy-like masses, freely moveable in 
the surrounding liquid. The individuals, like those of the genus Momis, have 
a locomotive oj-gan, consisting perhaps of two cilia, situated close to the 
mouth at the anterior extremity, but neither tail nor eye-speck. They pro- 
gress in the direction of the longer axis of the body, and are capable of com- 
plete self-division. In the best-examined species, U. <jlaucoma, Ehrenberg 
represented large internal vesicles, a double filiform proboscis, and a great 
number of snifill colourless gi’anule^s, conceived to bo ova, lying between the 
nutritive sacs. He supposed it to propagate both by transverse and longitu- 
dinal self-fission, and stated that, on feeding it with indigo, as many as twelve 
stomachs were filled, and that sometimes little blue particles like imdigestod 
matter might be seen voided from its month, and, lastly, that he had dis- 
cerned several green Alonads A\dthin its body, which it had eaten, and which 
proved it to subsist on prey directly transmitted into its interior. Individual 
Monads, he added, can detach themselves from the mass, live apart for a time, 
and again become members of the colony. 

This account was rejected by Dujardin, who denied the existence of a 
mouth, of gastric cells, and of ova, and doubted the occiuTcnce of true self- 
division. He likewise never witnessed the re-attachment into masses of the 
Monadiform individuals after being once separated, but believed that the re- 
union of certain Monads, occasionally observed in infusions rich in those beings, 
is a fortuitous result of the glutinous nature of their surface. 

These strictures of Dujardin are, without doubt, in general very just. The 
supposed mouth is the clear space seen at the anterior extremity of most 
unicellular organisms, whilst the supposed stomach-sacs are no other than 
chlorophyll- vesicles or, otherAvise, vacuoles. The gTceii Monad-like cells seen 
by the Berlin micrographor Avero probably starch- or chlorophyll-cells, or, it 
may be, gonidia ; and it Avas a mere assumption to represent them as SAval- 
loAvcd particles. 

Itzigsohn, Cohn, and Mr. Busk make Uvella, or at least an organism like 
it in all essential cxtcmal features, a phase of existence of vegetable struc- 
tures, — the fii-st-namcd of Oscillutoria (J, M. S, 1834, p. 190), the second of 
Protococcus, the last of Volvox, Itzigsohn describes the ^</^Zena-phase of 
Oscillatoria as breaking upjnto microgonidia which collect themselves in colo- 
nics, resembling, according to the presende or absence of coloured contents, 
Uvella atomus, U, glmica, Bodo, &c. Cohn’s \icAVs are sufficiently represented 
in our remarks on Protococcus (see p. 124), and need not bo here repeated. 
Busk represents the ciliated zoospores of Volvox ( T, M, S. i. p. 39) as sub- 
dividing into minute ciliated cells (i, e, microgonidia), which “ form by their 
aggregation a discoid body, in which the separate fusiform cells are connected 
together at one end, and at the other are free, and furnished each with a 
single cilium. In this stage these compound masses become free and swim 
about in the water, constituting in fact a species of the genus Uvella, or of 
Byrnrypta of Ehrenberg.” If these representations be correct, Uvella is but 
a phase of existence of Volvocimi and of Oscillatoria, and probably of other 
plants. If this be not alloAvod, then the alternative remains, of supposing 
both a vegetable and an animal organism partaking like characters and 
qualities. 
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The gcmis Anihojphysa (XXVI. 2) has been more particularly studied by 
Diijardin and Cohn. Khrenberg provisionally placed it among the Voriicel- 
linxi as a doubtful species of Epistylls, as he was unable to determine whether 
it possessed a wreath of cilia at its head or only a single filament : if tho 
latter, he remarked, it would belong to the Monads. Muller, its discoverer, 
had indeed more rightly seized on its true position by associating it ^vith 
Volvox, Dujardin subsequently made out its affinity with Uvelki, and adopted 
M. llory de St. Vincent’s generic appellation for it. In this determination of 
its position Dujardin has the weighty support of Cohn, who has recently sub- 
mitted it to careful examination. Dujai’din’s description is veiy accurate, and 
wiU seiwc our purpose. “ It is very difficult,” ho writes, “ to distinguisli a 
(Jvella from a free Antliopliym\ but no difficulty will exist if some of the 
branching supports of the latter arc seen in tho surrounding fluid. These 
supports have an arborescent figure irregularly branched, arc brownish at the 
base, but clearer and even diaphanous at the extremities of tlio branches, 
wliich arc themselves nodular or rugged ; they are secreted by the animals, 
and are found affixed to the sides of tho vessel in which water containing 
these Infusoria has been but recently placed. Each group of animalcules is 
at first fixed on the diaphanous extremity of tho branch which it has secreted 
(XXVI. 2) ; but any agitation of the liquid, or sudden shock, easily detaches 
it, and it then moves in a revolring manner in tho liquid. This movement is 
tho result of the simukaneous action of tho flagelliform filaments with which 
each individual of tho colony is xirovidcd. When, moreover, a group has been 
detached, whether accidentally or spontaneously, isolated individuals may bo 
seen moving about precisely like Monads with a single filament. Tho branch- 
ing support is at first soft and glutinous, but gradually acquires consistency 
and a brownish and homy aspect, when it seems no longer to participate in 
tho life of the animalcules, and recalls to the mind tho constniction of tho 
fibrous skeleton of certain sponges. It is conceivable either that tho branches 
themselves bifurcate, or that tho division is tho consequonco of the multipli- 
cation by fission of the groups of animalcules.” 

Cohn has little to add to this account. Ho describes the probably chitinous 
stem to be invested externally by a brownish mucilaginous layer ; and also 
finds that from 2 to 8 and from that to 20 Monads may be aggregated at tho 
extremity of tho branches. Frequently a branch is bare at its point, having 
lost its animal colony ; and it would seem that tho whole of tho groups are 
in succession thrown off and dispensed as free Monads and as Uvella-liko 
groups. Cohn, indeed, intimates his belief that UvelUi and AntJiophysa are 
not actually distinct genera, but mere representatives of two conditions of 
the same animalcule. Unlike Ehrenberg, he failed to get indigo-particles taken 
up by tho Uvclla-like beings. • * 

Before arriving at the conclusion that Antliopliym is no other than Uvella 
TJva seated on a branching stem, and of animal nature, ho canvasses the 
question if this organism be not rather the mycelium of a Fungus bearing its 
spores at the extremities of its branches, and decides against the supposition 
chiefly from the irregular and indefinite multiplication of tho monadiform 
members of the grouj^s, from the detachment of these et\masiie instead of by 
separate spores, and from the want of evidence to show that, when these 
Uvella-liko groups are detached, they assume the quiescent or ' still ’ condition, 
and germinate into an arborescent mycelium like tho parent, to developc in its 
turn terminal masses of spores. 

The branqliing stem has been described by Kiitzing and others as a micro- 
scopical Fungus (Conferva), under the name of Stereomma, and several species 
instituted ; but Cohn points out its analogy with tho pedicle of Qomphjonenxa 
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and other Diatoniete, in Avliicli both the branched stem and the beings it 
supports are alike part and parcel of the same organic structure. He has 
met with fibres suj)porting but one or two Uvella-bundles, and others like 
little trees bearing ten sucli. The consistence of the stem is such that it 
resists the action both of sulphuric acid and of solution of potash. 

One other genus of Monadimi, viz. Folytomn (XVIII. 5), has received special 
attention from Schneider, Cohn, and Perty ; it neveiihelcss still remains in 
that neutral ground claimed both by zoologists and botanists. Ehreiiberg at 
first placed it in the family Monadina ; but having subsequently mot with a 
similar form, S 2 wndylomommy he instituted a new family, Ilydromorinaj to 
include the two genera, and set forth as its cliief differential characters tlie 
aggregate or compound nature of its members, dependent on impeiTect fission, 
lie asserted also that individuals set free from the groups enter on the same 
cycle of fission and compound development, and form similar groups. Poly- 
ioyna was described to be destitute of an eye- speck, to have a truncated 
mouth and a delicate double flagelliform proboscis, and, from repeated in6om- 
pletc self-division, to form a mulberry -like mass, wliich cvcntudly breaks u]) 
into isolated Monads. ‘‘ The ova,” he adds, “ from their minuteness and tlio 
want of transptu'ency, have hitherto eluded observation (XVIII. 5) : but the 
alimentary organization is, on the contrary, clearly demonstrable ; for al- 
though for a long time the entrance of coloured food could not be displayed, 
yet at length, by using a magnifying power of 600 - to 800 diameters, the 
entrance of indigo-particlcs into their bodies was rendered evident.” In 
addition to these structuiTS, he mentions a largo contractile vesicle as a male 
sexual organ, and a white spot at the anterior part of the body as a seminal 
gland. In all essential particulai'S the associated genus Spo'iidylomoriim was 
stated to agree with it, (?xccpt in haxdng a dorsal eye- speck. 

Dujardin confesses his inability to distinguish by any definite characters 
between Uvella and Pobjtoma ; he would seem, liowever, not to have per- 
sonally investigated the latter. Cohn, after examining both, declares them 
to be identical in all j)articulars except that in Polytoma clilorophyll is absent, 
and that it inhabits decomposing fiuids along with Cklamydomoyias pidviscn^ 
his, How'ever, it is to Schneider that we are indebted for the most complete 
history of this organism (Inaugural Dissertation, Symholce ad Infmorium 
historinm naturaleyn ” Berlin, 1853, traiLslatcd in A. N, H, 1854, xiv. p. 321 ). 
We extract the following copious details from the translation: — “ Polytoma 
Uvella is of an oval form ; it is from ^J^^th to q^^jth of an inch long, and about 
half that width. At one end, which, with Elirenbcrg, we Avill call the an- 
terior extremity, it bears two filaments as long or longer than the body. 
When the living animal is examined under a magnifying power of 300 dia- 
meters, the body appears to be bounded by a simple outline. But in many 
instances, and especially wlien a large specimen can be found at rest, it may 
be seen that the internal substance of the body is surrounded by a tliin and 
perfectly clear membrane, from which it is separated by a distinct space. 
When the investing membrane is more closely attached, its existence may 
alw-ays be demonstrated by the employment of reagents to produce the con- 
traction of the substance of the body ; chromic acid and solution of iodine in 
chloride of zinc are the best substances to employ, the latter especially, as it 
at the same time communicates a browm colour to the internal sac (Bl. XX. 
fig. 2). Under certain circumstances, the investing membrane divides into 
minute granules, assuming w-hen viewed from tlic side a regular necklace- 
like appearance (fig. 8). A reproduction of the membrane then takes place. 
The substance of the body is perfectly clear, with the same refractive proper- 
ties as that of Ainrrha. About the middle lies a clear globular nucleus, sur- 
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rounded by a narrow rcddisb halo (figs. 1, 2, 3, 8). Dilute acids render 
this more distinct. At the anterior extremity, close to the margin, there arc 
two reddish vesicles, the contractions of wliieh may easily be recognized in 
individuals in a state of repose. The hinder extremity always contains a mass 
of granules with dark outlines, which are not altered by acetic acid. A weak 
solution of iodine in iodide of potassium gives them a deep blue colour, gene- 
rally verging upon black, as it is difficult to hit the right quantity of the reagent 
to be added. The fine blue colour is better attained by the addition of dilute 
solution of iodine in chloride of zinc, as with this the granules become slightly 
liquefied, and when left standing for some time even form a blue paste. Muriatic 
and sulphuric acids also dissolve them, so that the subsequent addition of iodine 
gives the whole body a blue colour. When the putrefaction of the infusion 
is going on very rapidly, the granules fill the entire body. Tlicy are not 
arranged in balls like the nutritive matter in tlie bodies of other Infusoria ; 
and it is by no means probable that they are taken in from the exterior, 
ilesides the two contractile vesicles, single, non- contractile, reddisli vacuoles 
are seen scattered through the substance of the body. 

The starch-like granides arc often converted into an indigo-blue pig- 
ment, which is the® partially dissolved, and colours the whole i)arenchyma. 
Such specimens as these still retain the power of division, so that there 
can be no doubt as to their identity with Polytoma Uvella, Individuals 
were also frequently met with of which the substance of the body wiis of 
a uniform gi*ccn colour, but which in other respects agreed exactly with 
Polyloma, 

“ Deviations from this normal form never occur singly in the same vessel, 
but always make their appearance simultaneously in a great number of indi- 
viduals. (kutaiii peculiarities of their abode appear therefore to have an 
influence upon the form. Very compressed forms are rare. However, it not 
unfrecpicntly happens that, whilst the investing membrane retains its normal 
form, the substance of tlic body is not equally distributed in its interior. 
Sometimes it lies to one side, so as to fill only half the interior of the sac ; 
sometimes it is entirely collected in the anterior, and sometimes in the pos- 
terior extremity ; in the latter case it is connected with the anterior extre- 
mity by a slender filament (tig. 14). In infusions in which fermentation has 
long ceased, and which contain a large quantity of brown humus-hke matter 
but very small portions of nitrogenous substances in solution, the two last 
modifications of the parenchyma are most frequently met with. At the same 
time the stareh-like granules disappear, the substance of the body acquires a 
darker fatty outline, and finally disappears with formation of the well-known 
large vacuoles. 

The movements of Polytoma 'arc the same as those usually ascribed to 
organisms furnished with twn filaments. Wliilst in motion the filaments arc 
always in front, the animal rotates upon its axis, and this again describes 
circidar vibrations upon a central point. If a movement in the opposite 
direction is taking place, the animal is endeavouring to turn the anterior 
extremity ; and until this is effected it swims backwards. When a drop of the 
infusion has been left for a few minutes upon a glass plate covered over with 
a piece of thin glass, a considerable number of the animals will bo found 
attached to both glasses by their anterior extremity ; the filaments are free, 
and it is probably by their vibration that the hinder extremity is made to 
oscillate in the direction of the plane of the two filaments. They collect in 
the same manner in crow'ds upon a(juatic plants, as well as upon the sides of 
the vessel containing them. Their mode of attachment is still unintelligible 
to me. In .any case, some contrivance for this pui-pose, how^ever simple, must 
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exist, either between the two filaments, or at the side of their points of issue 
from the membrane. 

‘‘ During the swarming-state, a division of the substance of the body goes on 
uninterruptedly at all hours of the day. The different stages of this process 
follow one another with greater or less rapidity in proi)ortion as the conditions 
of nutrition arc more or less favourable. Soon after the commencement of fer- 
mentation in an infusion, the rate of increase attains its maximum ; it then 
diminishes as the fermentation ceases, the offspring at the same time undergo- 
ing a diminution of size. 

“ The commencement of the process of division is indicated by the uniform 
distiibution of the granular substance. A constriction of the substance then 
takes place, usually commencing on one side ; by tliis the body is divided 
into two parts, which arc still enclosed in the uninjured investing membrane. 
Simultaneously with, or perhaps before the completion of this bisection, the 
nucleus also divides (fig. 3). Although no constriction of the nucleus was 
ever noticed, nothing certainly was obsciwcd to contradict the supposition 
that the second niuilcus was produced in this manner. The two halves then 
b«eome constricted from their surfaces of contact, in such a manner that the 
constriction of one half crosses that of the other at right finglcs (fig. 4). To 
eveiy depression thus produced on the one side there is a corresponding ele- 
vation of the other. The quadrisection (figs. 9, 12) then takes place suddenly 
as if by cutting, and without any appearance of a circular constriction, each por- 
tion containing its proper nucleus. The divisions now acquire an oval form, 
and arrange themselves in such a manner that the ends of the posterior pair, 
which are turned towards the middle, alternate with those of the anterior 
pair in the same place (fig. 12). In very favourable circumstances (as for in- 
stance at the commencement of fermentation), a third division into eight 
parts takes place, each division being stiU furnished with a nucleus. As a 
general rule, however, the young individuals acijuirc filaments soon after the 
quadrisection, and move about in various directions within the investing mem- 
brane, until this bursts and the young, which are exactly like the mother 
except in their smaller size, are set free. In favourable circumstances the 
empty membrane remains with the two filaments. After the division of the 
substance into four or eight parts, the investing membrane is always visible 
without the employment of any reagents. This has not escaped Ehrenberg 
(Joe, cit. and tab. i. xxxii.) ; he explains the appearance as a consequence of a 
superficial constriction. The filaments of the parent ahvays appear to be con- 
nected only with one of the young individuals, although this is less distin- 
guishable in the present mode of division than in that about to bo described. 

“ In this the quadrisection takes place in another manner. After bisection, 
the two portions shift their position in sufeh a manner that the surfaces of 
contact form a distinct angle with their original position. If this change of 
position be but trifling, the quadrisection goes forward nearly in the manner 
just described, and the arrangement of the developed young only differs as far 
as is rendered necessary by this change of position ffigs. 9, 12). But if it bo 
more considerable, the new surfaces of division run parallel to each other and 
nearly perpendicular to the surfaces of contact of the two h«alvcs. The posi- 
tion of the young individuals is then completely different from that seen in 
the preceding case ; all four lie parallel to each other, with their longitudinal 
axis oblique as regards the axis of the wdiolo (fig. 10). 

“ Tins difference may perhaps be explained as follows : — ^Each portion has 
a tendency to accpiire an oval form, so that soon after the bisection the ante- 
rior portion extends itself posteriorly, and the posterior towards the front. 
When sufficient time has not elapsed for the one dimension to predominate over 
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the other, the qiiadrisection takes place as in the former case ; but when, on the 
other hand, one dimension has become predominant, the division into four takes 
place in accordance with tlie same law as the original division into tM"o. 

‘‘ The method of division first described is always met with in the early 
periods of an infusion, which are most favourable to the development of the 
creatures. Towards the end the hitter mode alone occurs. Tliis phenomenon 
was so remarkable that, on the first occasion of my examining an infusion 
towards the close of its action, I imagined that I had at firat misundei’stood 
the mode of division. 

“ Under certain circumstances the individuals pass to a state of rest. They 
are then completely filled with the starch-like granules, so that the nucleus 
only appears as a reddish spot. The substance of tho body becomes spherical, 
and invests itself with a membrane which is frequently of considerable thick- 
ness (fig. 7). In this state I have never obsciwcd them to undergo any divi- 
sion or any other change ; and when dried the cysts still retain their contents. 
When clear water is poured over them they do not return to life, but would 
probably do so in a fermenting infusion. 

“ The mode in which the swarming individuals ariivc at this state of repose 
appears to bo as follows : — The filaments arc gradually shortened, their sub- 
stance collecting at the free extremity in the form of a small knob, until at 
last the filiform portion entirely disap])ears, and, in place of the iilaments, two 
vesicles arc seen at the aiitonor extremity of the investing membrane. I 
have observed a similar contractibility of the substance of the filaments in a 
Bodo which is most nearly allied to Bodo (jrandh, Ehrbg, As this possesses not 
three filaments only, as seen by Focke {Ehr, p. 34), but oftem as many as five, 
tho vesicles produced in this manner cannot easily bo overlooked. I cannot, 
however, state with certainty whether all tho individuals \vliich undergo this 
change invest themselves with cysts. When infusions containing Folytoma 
are dried slowly, individuals with tho vesicles just described arc found in tho 
deposit, but no cysts ; and it is not impossible that such individuals may assist 
in the continuation of the species in some other way.^^ 

After some valuable notes on other Infusoria, Sclmcidcr concludes his 
history of Polytoina by the following arguments for its animal nature : — 

That Fohjtoma is an animal may be maintained upon two grounds. 

“1. The comtitution of the investing membrane , — As soon as the starch-like 
granules have been destroyed by the long action of concentrated sulphuric 
acid, no part of the creature is coloured blue by iodine. How we have no 
more reason for believing thcat the vegetable cell-membrane must necessarily 
consist of cellulose, than that the animal cell-membrane should not consist 
of that substance, so that we are still compelled^ to seek for other characters 
for their distinction. These would be — 

** 2. The contractile spaces, — A statement of Cohn has certainly rendered 
it doubtful whether the occurrence of these is henceforward to be regarded as 
an essential indication of an animal nature. JIc says, ‘ On the other hand, 
certain gencira of Algae exhibit a stage of development in wdiich, in external 
form, in the absence of a cellulose membrane, in the distinct existence of 
ciliary organs of motion, red eye-like spots, vacuoles, and^ according to a very 
recent discovery, of internal pulsating spaces^ they undoubtedly appear very 
similar to tho Astomatous Infusoria.’ If these pulsating spaces occur only 
in unicellular Algm provided with cilia, these perhaps should properly be re- 
stored to their i)laee amongst animals, notwithstanding the subsequent ap- 
pearance of ceUulosc-mcmbranc upon them. But if they occur in the swarm- 
cells of the Confervte, they certainly cease to be a characteristic of animal 
nature. Thus, if we arc not yet in a position to refer Folytoma with perfect 
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certainty to its proper place, there is decidedly no reason for excluding it 
from the animal kingdom. We will not, however, venture to consider the 
Infusoria furnished with a mouth (Stointitoda, Von Siebold) as fonned, like 
Polytoma, upon the typo of a simple cell: for, high as we may rate the ad- 
vantage accruing to science from the comparison of the Protozoa with simple 
cells, difficulties stand in the way of its complete application in the case of 
animals of such complicated structure as the VorticellcB for example ; and 
these cannot be considered as entirely done aAvay with until the history of 
their development has furnished proof that at no period does a fusion of 
several cells take place. 

In conclusion, we bring together the results of the investigation as shortly 
as possible. 

1 . Pohjtoma is an animal. 

‘‘2. It is characterized by a clear investing membrane, Avhich does not 
consist of cellulose ; two contractile spaces in the substance of the body ; a 
nucleus with a nucleolus ; two filaments ; and by the deposition of layers of 
starch-like granules. 

‘‘ 3. The starch-granules may become converted into a blue or green co- 
louring matter. 

4. Polytonia divides within the investing membrane into tAVo, four, or 
eight parts, and propagates itself in this manner. 

5. It passes into a state of repose.” 

These arguments will, Ave fear, not be deemed satisfactory to most natu- 
ralists. That the investing membrane should not be coloured blue by iodine 
is an unimportant fact in determining its nature ; for the same thing happens 
with many undoubted vegetable tissues, and we are, besides, not sufficiently 
acquainted with the chemical history of starch, cellulose, and allied isomeric 
substances, to appeal to their presence or absence as decisive of an animal or 
vegetable nature. Then, again, as to the contractile spaces, these cannot be 
considered peculiar to animal life, seeing that they are present in such gene- 
rally recognized vegetable forms as Chlamydomonas, Gotvium, and Volvox. 

Moreover, Schneider himself describes starch -granules and chlorophyll- 
vesicles within Polytoma, which, if these substances had any decisive bearing 
on the question, Avould quite settle its affinity with plants, irrespective of the 
constitution of the enveloping membrane. Besides, the whole histoiy of the 
organism accords so closely Avith the knoAvn phenomena of life and dcA^elop- 
ment of the simplest plants, that this alone must carry much Aveight in fixing 
its position in the scale of beings. 

FAMILY II.— CKYPTOMONADINA. 

(Plates XVIII. 29—34.) 

The Cbyptomoxadina, which follow the Monadina in the arrangement of 
Ehrenberg, claim but a brief consideration, inasmuch as so little precise infor- 
mation is obtainable with respect to them, and as the existence of possibly 
all of them as independent organisms is a matter of much uncoitainty. The 
genera enumerated won^—Cryptomonas, Ojthidomonas, Urocentrumy LageneUay 
Cryptoyleiiay and Trachelomonas. To characterize the Cryptomonadina in two 
words, they are encysted Monadina or Euglcneae. Ehrenberg puts forward the 
following account : — “ They exhibit all the characteristics of the Monadina, 
but have, in addition, an external diaphanous membrane or lorica, which 
cither encloses them entirely — i. e, forms an urceolus, — or leaves one side 
exposed, and so constitutes merely a shield — scutellum. Locomotive organs, 
in the shope of tAvo delicate filiform and generally retractile filaments or pro- 
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boscidcs, extend from the margin of the mouth in all the genera except 
in which also, by the way, Wcmcck thinks he has discerned them. Coloured 
food has not been kno^ni to be received ; and hence the nutritive organization 
has not been demonstrated: however, in six or seven species (nearly one-half the 
family) internal gastric cells have been discovered. In two genera sensation is 
exhibited by the presence of a coloured spot or ocellus at the fore part of the 
body. Multiplication by complete division has been seen in some specimens.” 

Such is Ehrenberg’s account of Cryptomonadina. Diijardin has a parallel 
fomily with it he names Thccamonadina, and details the following particu- 
lars {ojp. cit. p. 323): — “ The Infusoria of this family having in some mea- 
sure merely one negative character in common, viz. the non-contractility of 
their integument, can be divided into several families according to the nature 
of the enclosing membrane and the number and disposition of their locomo- 
tive filaments. Thus, some are globular and others Ic.af-liko ; some have a 
hard, as it were stonj’’ shell, whilst others are covered only by a thin flexible 
membrane ; some, again, have but one filament, others two similar ones or 
tw^o of different size, and others, again, more tluin two. Until new observa- 
tions have augmented the number and the knowledge of species, the differ- 
ences just pointed out will merely serve to characteiize genera which arc 
iiideed much moie really distinct in this family than in Monadina. The 
Thccamonadina are in fact more advanced in organization than the Monadina ; 
they arc not, like the latter, produced in artificial infusions, nor do they change 
figure and characters according to the medium in which they exist. They 
stand in the same relation to the Monadina that the lihizopoda (Arcellina, or 
Monothalamia) do to the Amcetm : their organs arc no more distinct ; but their 
individuality is more pronounced.” 

“ The Thccamonadina arc all very small, although they may be rendered 
visible to the naked eye by their accumulation in great numbers, and by the 
colour they then give rise to ; their colour is usually green, .... but sometimes 
red. Thtiy arc mostly cognizable by the stiffiicss of their body and tlic 
uniformity of their movement.” Diijardin ignores the stomach-sacs, the con- 
tractile seminal vesicle, the testis, and the green ova which Ehrcnbcrg attri- 
buted to this family : he likewise can assign no value to the eye- specks as 
generic features, and is compelled to deny the occurrence of shells in the 
foim of a shield, open on one side ; for those appearing so arc merely flattened 
on that aspect. Ho adds, the integument in all these cases is much more 
roomy than the contents, from which it is separated by a clear space having 
the appearance of a ring. 

Forty adopts both the terms, Cryptonionadiiui and Thecamo^vadina , to ex- 
press the two families under which he arranges thf several genera enumerated 
by Ehrenberg and Dujardin, together with some instituted by himself. This 
is not the place to point out the distinctions he has drawn between the 
two families so constructed ; but the original observations Perty has made on 
some specimens will be of interest. For instance, he says that {op, cit. p. 81), 
“ AVhen the green animalcule of Trypemonais volvodna {Trachelomontis vol- 
vocina, Ehr.) is about to self-divide, it contracts itself within its glass-like 
globular shell, oscillates to and fro, whilst the motor-fibres become lost, or 
remain without further connexion with the animal, fixed in the circular 
opening of the outer shell. Fission now proceeds in the usual mode info 
two and four individuals, which on their completion exhibit the red stigma, 
previously undistinguishable among the green molecules: the breaking up 
of the shell,, scarcely y^th of a line in thickness, is effected either by 
the movements of the contained beings or by ^ssolution.” The shells of 
Trypemonas, Chonemonas, and CrypiomonnSy which contain no silex in their 
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composition, seem to bo particularly prone to decomposition, so that their 
empty shells or their fragments arc extremely seldom to be met with in 
water abounding in loricatcd Monads. “ In Cryjptomomis polymorpha I have 
repeatedly witnessed this rapid breaking up of the shell ; the margin is resolved 
into numerous drops which separate from one another, and in the course of 
ten or twelve minutes the lorica spreads itself out as an inconspicuous mem- 
branous structure. !Moreovor, in Ctionemonas hisjnda a constant movement 
is observed in the shell Avhen the animal is about to divide, and when, as 
almost always liappons, the filaments arc lost, or remain attached to the shell 
without any connexion with tlie animal. Until the period of self-division 
the connexion between the animal and shell persists, for the latter is, at its 
origin, simj)ly the hardened pcriplieiy of the former ; but when fission hap- 
pens this bond is ruptured and cannot bo re-established, and the contained 
animalcule, being tlius set free, no longer moves with the shell, but in it, and 
this in an unciasy, irregular manner.” At i). 83 ho goes on to say that in 
Cryptomonas ptolymorpha internal genns (Blastion) aie almost constantly 
cognizable ; in smaller and young specimens in less abundance. In a pool 
containing Utrkuhtrla in July 1848, he met with the dark green variety in 
immense numbers, along with clear green germs from to -j-o-f,-'", col- 

lected in masses held together by a veiy delicate pellicle, and either motion- 
less or in active movement among the old individuals. In other varieties ho 
has seen similar germs. Thus, on pressing the large browm vaiiety the germs 
escaped as independent isolated beings. In the hyaline variety (Chilomo'iias 
Parameemm, Ehr.) he not seldom witnessed astonishingly rapid development 
by longitudinal fission ; in one specimen the two halves remained for a con- 
siderable time tied together by a band, which became stretched thinner and 
thinner by the long-continued movements of the two beings until it at length 
gave way. After moving about for some time, vital energj^ is lost, and probably 
one-half of the specimens sink to the bottom of the drop of fluid under obser- 
vation. The germs in this hyaline variety are moreover very evident and 
numerous. Amid the many specimens of nearly equal and minute size, 
others much larger are not uncommon, furnished with a red eye-speck. 

Schneider gives (A, N, H, 1854, xiv. j). 327) an account of Chilomonas 
Paramecium^ differing much from the foregoing. He describes it as having a 
clear nucleus with a reddish halo around it, and, idthough he could distin- 
guish no contractile space, observed a reddish vesicle always in the anterior 
extremity, and, in direct opposition to Perty's observations, states that what- 
ever number of these animals he examined, he never observed multiplication 
by fission (p. 133). 

In March 1848, Perty noticed Anisonenia acinus (Duj.) in different stages of 
development ; the smallest forms were evidcfutly dcrivo(l from the germs, about 
AJ" in length, and circular ; by further growth they became elliptic, and 
presented a larger number of internal germs ; at the same time the fibres, 
which are so easily seen in the full-grown beings, Avere perceived with the 
greatest difficulty in the smallest. 

Among his Thecamonadina are enumerated two genera, named Chonemonas 
and Trypemonasi the latter is equivalent to Ehrenberg’s genus Trachelo- 
monas ; but the former includes, besides Layeiull^ay two genera which the 
Berlin systematist placed in families far removed from his Cryptomonadina, 
viz. Chcp.toyhna, placed among the Peridiniceay and Pantotricliumy classed with 
the Cyclidinn, Concerning the reproduction of those two genera, Perty has 
some original obscivations. , 

In some decomposing water he met with Chonemonas and Trypemonas in 
great abundance— the greater part of a green colour with red eye -specks, 
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without lorica, and of various dimensions. In both, the lorica first mado its 
appearance as a smooth hyaline envelope, which grew stronger, then red, and 
at length brown or blackish brown — becoming also in Chonemonas still firmer, 
and covered Avith asperities. Jluring this transition from a soft periphery into 
a shell, two sets of intersecting lines were at times visible, which by-und-by 
vanished. Moixjover, examples of CJwnemonas occurred which continued 
smooth, and constituted the variety Ch, glabra. By using very high mag- 
nifying powei’s to fuUy developed specimens of 'I'rupenionas volvocina, the 
lorica ap^Kjared to be everywhere perforated, or more probably’ beset wdth a 
series of depressions or thimier spots. On the shell becoming very dark, the 
green contents and the red stigma ceased nearly or (juito to be visible. Naked 
Chonemonads and Tru^emonads are easily distinguishable from Euglenai^ 
})ccause their contractility is so much loss, and consequently tlieir actual round 
form so much the more permanent, iill these minute naked examples are 
doubtless produced from germs ; fission Avas witnessed in no instance. Ordi- 
narily the animal-like ChmiemonaSf furnished Avith a red eye-speck, had an 
elliptical form prior to the construction of tlie shell, just like loricated forms ; 
yet OA'ate and obovate examj)les are also to bo seen. Minute specimens are 
• poorer in cndochromo, tliis inatorial oceurritig only in one or two specks. The 
locomotiA'o liliiments are absent at first, and after their appearance only gra- 
dually attmn the normal Itaigth. The constiuc.tion of the lorica frequently 
proceeds to completion in very small specimens, whilst large ones remain 
naked, notwithstanding the formation of germs goes on in those Avhere the 
chroiTude is in a ccrttuiKjuantity. Many dead Chonemonads Averc encountered 
havdiig their contents cither shriAX'lled up or even so completely removed as 
to leave only an cmi)ty yeUowish-broAvn shell. 

At a subsequent page (p. 131) Perty mentions certain abnormal forms, 
among others Cnjptomoms poltjntorphay having but one instead of two fila- 
picnts, and at other times elongated into a tail-like process. 

From {dl the preceding accounts of Ciyptomonadina there seems sufficient 
to shoAV that those beings arc but a certain phase, the encysted state, of a 
set of organisms Avhich have a gencRil resemblance to zoospores, or to simple 
unicolluliu- Algjc. The germs mentioned by Perty accord, to aU appearance, 
Avith the microgonidia of other authors, and behave themselves in a similar 
manner, Cohn observes (A. If , II, 1852, x. p. 385) — “ Tradielomonas and 
the analogous forms do not belong to the vegetable kingdom at all, but arc 
noai-cst allied to the Astasia®, and appear to be loricated Euglcnecc, not 
loiicatcd Monads, as Ehrenbcrg assumed.” We shall hereafter soo that this 
indefatigable naturalist leans to the belief that Euglenea) are animals : hence 
the idea ho puts for%vaid i-cspccting the Trachelomonads. 

As thc^ sheets were passing -through the pfess, Mr. Carter’s valuable 
aa made its appearance (A. N. II. 1858, ii. 

p. Iho Cryptoylena described is supposed to be a new species, and is 

nanied G. UrUimhiris, on account of its lenticular shape. It is compressed 
^d cmarginate, and famished with a pair of cilia. In this little being 
Mr. Carter supposes an act of fecundation to take place, the microgonidia 
bemg supposed to represent the male, the macrogonidia the female clement. 
Among the numerous specimens met with, there was a number of deciduous 
lonca, “ some of which were split into halves which were separated, while 
others only adhered together anteriorly, and presented a pair of cilia attached 
to their point of union.” In several instances, the internal cell, or the con- 
tente enclosed m their protoplasmic sac, often distended by imbibition of water 
to three or four times the dimensions of the germ lorica, were seen escaping 
from the separated segments of the latter, and in their globular shape and 
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general features undistinguishablc from Chlamydococcus under similar forms. 
These escaping internal cells were divided into two, four, eight, and sixteen 
parts ; and it was noticed that the variety which came forth with only two 
gonidia was suirounded by a swarm of from ten to twenty much smaller 
gonidia, wliich were identical in all appearance with those resulting from 
division into sixty-four parts. But the cells divided into two segments were 
not the only ones so suiToundcd by microgonidia ; for in two or three instances 
a few were found around and adhering to the inner cell of tliosc divided' into 
four gonidia. 

“ It was also observed that the two-division did not always come forth in 
one cell, but that sometimes this was also divided, so that each gonidium had 
its proper cell. The form of the imacrogonidia or female cells did not differ 
from the internal cell of the parent, except in being a little smaller, — while 
the microgonidium, which was not more than l-7th of the diameter of the 
macrogonidium, and therefore very small, appeared, though equally green, and 
provided \rith an eye-spot, to have only one cilium. I cannot help thinking, 
hoAvever, that, with a higher power, I might have seen two.” 

The i)iirpose fulfilled by the contact of the microgonidia with the macro- 
gonidia, Mr. Carter concludes to be that of imjwegnation ; for he observed * 
one of the former, as a spermatozoid, fix itself to one of the latter (the spores 
or female (iclls), and gradually become incor])oratcd with it. The microgo- 
nidium, after having so nttachod itself, assumed a conical or peg-top shjipe, 
and thus appeared to gradually squeeze itself into the macrogonidium. 

This mode of impregnation, thus directly observed by Mr. Carter, is the 
copy of that the same observer witnessed in Eudorina (Pmidorma), and of 
that first noted by Cohn in Volvox, ITc, moreover, believes tliat it obtains 
in the case of Trachelomonas, for he has oftem seen the largest Trachclo- 
monad of a pool divided up into a group of apparently sixteen cells within 
the lorica ; and this may account for tho myriads of three to four smaller 
sizes that arc frequently found together in this way. The latter certainly 
appear in a green form first ; that is, without the lorica, which gradually 
becomes supplied afterwards. Thus, impregnation also in tho Trachelomo- 
nads may take place like that seen in Eudorina, after tho parent -cell lias 
imdcrgonc dirision within the lorica.” (See Part II., Systematic History of 
Cryptomonadina. ) 

FAMILY III.— VOLVOCINEiE Oil VOLVOCINA. 

(Plates XIX. XX.) 

This is the most important and most interesting family of the Phytozoa. 
The genera enumerated ifi it by Ehrenberg were Oyges, Pandorina, Go'- 
nium, Syncrypta, Synura, Uroglemt, Ewiorifna, Chlamydomonas, Spheerosira, 
and Volvo.v, The name is derived from tho rolling (yolvere, to turn) motion 
of the genus VolvOiV, which is typical of the family. Ehrenberg was the 
first rightly to appreciate the true nature and compound structure of the 
principal genera as the aggregation of numerous monadiform beings in a 
common polypary-l^ke mass. He correctly described the several individuals 
as resembling Monads in most particulars of their organization, but was so 
carried away beyond this simple natural statement by his peculiar views of 
structure, as to describe them as having an unvarying body, without other 
external appendages than a pair of cilia or filaments, and internally several 
digestive sacs but no true alimentary canal, green ova, two rounded seminal 
glands, a contractile (spermatic) vesicle, and eye-spocks indicating the exist- 
ence of sensation. The substance connecting the several beings, and in 
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which they arc imbedded, he called the lorica, and stated that propagation 
ocenrred by self-division Avithin the envelope, and probably also by ova. 

The genera Chlawtfifomonas and Gtjijes, or Chfamt/fhcoccus (XIX. 1)-31). 
offer an exception to the other membei's of the family in not prodneing 
aggregate forms or colonies, at least not in their assumed typical phase. 

Whilst denying in toto the elaborate animal organization* presumed by 
Ehrenberg, M. Dujardin nevertheless continued to recognize the Vofrocina 
as animal structures, and contented himself with merely proposing a dif- 
ferent distribution of the genera. However, since tliis distinguished Frencli 
naturalist wrote, the opinion has been powerfully advocated, and everywhere 
gaining ground, that the VolvoehiCfe belong to the vegetable kingdom; con- 
sequently their structure and ^^tal ])henomena receive (juite a different iiiter- 
j^retation from that given by the writcu's above named. 

The Volvocinecp arc now, in the language of algologists, ‘ Tetmsporay of 
the family Puhnelleiv or PulmeUacecv, The monadiform beings are ‘ pi'imor- 
dial cells,’ and, in more gen(*ral language, ‘ coiqmscles,’ Avhilst the common 
])ellicle or nidus connecting tbem is called by Cohn and others the ‘ envelope- 
cell.* The author just named says (^Eatw. p. 1(15), that, from Ids observa- 
tions on CltftthiiftfocorntSy ChlamjidomonaHy and Stephanosphfvra y the Vofvo- 
cinew in gen<a’al consist essentially of two parts : — 1. of a colourless, hyaline, 
completely closed, and usually spherical envelope-cell composed of cellulose; 
and 2. of green piimordial colls, siiigh^ in the two lirst-nained genera, but 
eight in number in Sfrphano.yifurra, enclosed within the envelope- cell. In 
each case these cells are simply primordial sacs, ummclosed by any special 
firm cellulose membrane, and consist of a fine granular protoplasm, coloured 
green or red by chlorophyll, or by a peculiar oil (XIX. 48, 49). The proto- 
plasm forms only the outer layer of the cells, and is often pj*olongcd on tho 
inner surface of the ‘ envelope-cell ’ in tho form of delicalii mucous fibres 
(XIX. oil). Tho primordial cells are moreover themselves elongated from 
before backwards, fonning a colourless apex from which two vibratih^ fila- 
ments take their rise, and passing through two foi*amina in the envelope- 
cell, stretch themselves outwards in the surrounding water, and by their 
vibration serve to move the entire compound organism. The only difference 
between ChlamipJococcm and Slephanosphcera is one affecting the mode of 
development, in which only the primordial cells (not in any way the common 
envelope) take part. These cells divide first into two, then into four, then 
into eight or more daughter- cells (macrogonidia) (XIX. 40, 41, 42); but 
after the third or the second, and often, indeed, after the first act of division, 
a permanent generation results. Thus, in Chlamydomonas and Chlamydo- 
coccuSy each of the daughter- cells hecomes free and independent, encloses 
itself within an envelope-cell of its own, and after developing two fibres, 
breaks through, with their aid, the common envelope of the parent-cell (XIX. 
28-26 and 30). In Stephanosphaurdy on the contrary, tho eight primordial 
cells produced by the third act of fission secrete around themselves a common 
envelope (XIX. 56), which invests them like an integument, first lying close 
upon them, but afterwards, through the imbibition of water, raised from 
them all round, assuming a globular form ; but so that the primordial cells 
occupy the periphery at the equator of the globe like a ring or zone (XIX. 
57, 58), having their eight pairs of filaments protruded through the openings 
in the common envelope (XIX. 38). GhXamydococcm and Gklamydomoncia 
stand in the same relation to StephanosphcFfra that Pleurococms does to Pal- 
mella, Phyeafitrum to Desniidium, Navicida to Sehizonema, VorticeP^i to Epi- 
stylis, or as Hydra to Gampanxilaria. 

But, further, a second mode of development, viz. by microgonidia, prevails 
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alike in the three genera in <j[ucstion, the bisection of the contents of the 
cell proceeding so far that they are eventually resolved into numberless small, 
mostly spindle-shaped corpuscles (XTX. 51), which at first oscillate by the 
aid of two or four vibratilc filaments within the common cnvclope-eell, hut 
subsequently escape singly from it, (XIX. 52), and, after enjoying for a con- 
siderable time very energetic infusorial movements, finally pass into a state 
of rest, preparatory to some future development. 

“ The larger undivided macrogonidia, after swarming often the whole day, 
are also seen to enter (as witnessed in Chlami/docoecus and Stejplianosph(v.ra) 
into the condition of rest, Avlicn each ])rimordial cell contained within the 
delicate envelo])e-eell secretes about itself a second more compact cellulose 
membrane Avhich closely invests it, and is not perforated by the ciliary fila- 
ments (XTX. 20, 21). It is, in fact, the counteqiart of the membrane Avhich, 
in common plant-cells, overlies the pnmordial layer. In this distinctly 
plant-like or protococcoid condition the cells remain Avithout motion, and 
may endure, CA"cn when dried, for a Avholc year, and then, on the addition of 
water, undergo segmentation into tAvo, four, or eight gonidia, Avhich, imme- 
diately after developing their filaments and envoi ope- cel Is, break through the 
Avails of the parent-cell and eroAvd thii suiTounding fluid.-’ 

The facts relating to the stnicturo and functions of the genera above 
adduced, appljMn the main to all the VoJvoihieie\ iov the differences betAA’eeii 
the seA'cral genera, although demanding specjial consideration, are not essen- 
tial. Thus, for example, in (ronhuu (XIX. ;$2) the figure is a flattened sidie- 
roid, and the green primordial colls, viewed collectivdy from above, resemble 
a four-sided disc or plate, haAung each angle truncated. Moreover, the trans- 
parent coloiu*k>ss env(dope does not acquire the character and appearance of 
a firm membrane, but presents itself as a mucous or gelatinous, not cellulose, 
slK'ath. 

CiiLAMYDOMONAs. — Tho fiTst of tho gciiora included by Kbrenbcrg in his 
family Volvocim, of Avhicb avc shall attempt a description, is Chhimidomomfn 
or Chlamydomonas (XIX. 10). It recommends itself to our attention because 
of its simplicity and its existence in an isolated state. This last fact seemed 
to Dujardin a sufficient reason for removing it from the Volvocina to tlu* 
Theca monadina, and for renaming it Disehnis, on account of its ha\dng tAVo 
filaments ; for ho Avould admit into the former family only aggregate organ- 
isms “ enclosed Avithin a common enveloiio, or haAdng siiccial eiiA’elopes 
mutually adherent.” On this same ground he idso adA^ocated the transposi- 
tion of (Ti/(/es from tho Volvo.v family to that of tho Theca monad inay a genus 
Avhich AVC shall presently haA^e to note under the name of Chlamydoeoecas or 
Prolococcus phiviaUs. To this arrangement Cohn objects {A, N, H. 1852, 
X. p. 384) ; for, says he, “ a more ])rofound investigation, not only of the 
structure, but also of the history of dcAxlopment, teaches us that Cldamydo^ 
inonas {Dtselmis, Duj.) possesses only extomal analogies with Trachelomonas, 
while this form, as Ehretibcrg already discoA^cred, exhibits the closest alliance 
to Oo7iium and Pundorina. The relation of the colourless envelope to tho 
enclosed green globes, the position of the two cilia, which aiise from the latter 
and jiass out throifgh the former, and lastly, the laAVS of division of the green 
cells inside the envelope, in poAvers of tAVO, display themselves in exactly the 
same way in Chlamjfdococcus as in the rest of the VoJvocinece ; and the only 
distinction betAveen them consists in the circumstance that in Chhnnydomonan 
(and CJdamydococciis) the individuals produced by the division of the green 
glob(>s separate after tho absorption of tho parent envelope, find liv’e on as 
individuals, while in the other Volvocinetn tho daughter- cells produced by 
the division of one green primordial cell remain connected by the jiersisteut 
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parent- cell as by a common envelope, and move about as a well-defined body 
composed of many celLs.” 

The best accounts of the structure of Chlamifdomouas we have at hand are 
lliose by Porty (op. at. p. 8o), by Braun (liejnv.i It. S. p. 214), and by 
Thuret (Sur fes Zoospores, Ann. Sc. Nat. xiv. 1850). Unforiunatoly, each 
of these wiitcrs describes a different species, whicli nmders our attempt at a 
general liistory the more difficult. The figure varies between ovoid and 
glol)ular ; and the cell is not jirolongod at the point from wliieh the pair of 
vibratile filaments proc.eed, although a colourless space exists there. The 
organism consists of a green mass — the pnmordial cell — surrounded by a dia- 
phanous delicate (envelope, whicli, unlike that of ChlamydococcuSy is closely 
applied to it, so tliat it leaves no clear intei*space between the two. The 
contents are green globules and larger vesicles, with a single largo chloroiihyU- 
iitrichM'n the centre — the nucliMis (XIX. It)) — ^^'ery like in ap])earance to the 
stavch-glohulo so frequent in the <*ells of green Algae. In addition, there is 
a red stigma, and in some rare instances tAVo such ; in other exain]iles, again, 
it is altogelher Avanting. Motion is effected by the ciliaiy filaments, Avhich 
penetrate the external ('nvelojie from tlu^ enclosed globule ; the eiiA'elope 
rest‘ml)les that of znospor(\s in general ; and, like those structures, these uni- 
cellular b('ings seek the light and exhale oxygon. 

Perty describes colourless germs from whicli ucav sjiecimens originate, — a 
statemimt no doubt cipiiAalent to saying that thc*se beings reproduce them- 
selves by mi(.rogoni(lia, as Cohn riqirescnts. Fission into macrogonidia is 
binary or (quaternary, as in Titcasjtoat^ and giA'es rise to two, four, dglit, and 
even, at times, sixteen or thirty-two individnals. (iimerally Avliilst this iict 
qiroceeds the cells ai*o (|iii('scent, ceasing from their usual movements. Tins 
])i’Occss of mullijdication is not intluenced by the size of the Chlamydoinonads, 
for it occurs in s]K‘cimens varying betAveen ^ to * 

Amid th(! lilm-liki^ collections of Cldawtjdomonas, groups of individuals may 
bo encountered in various stages of change and of breaking up: some bavo 
entirely or qiartially lost their green contents ; others have acipiii ed a ycl- 
loAvisli-hrown, or, inon^ seldom, a red colour; (^tluu’s are much contracted as 
small globules AA'ithiii the clear gl^lati^lous cases, Avhilst others, lastly, aetiuiro 
a f)roboscis-like qu’oeess, or, hy pressure, an angular outline. 

The variety and transition of colour just remarked depend upon the phase 
of existeiKiO and the entrance on tlu^ resting or (quiescent condition. Tho 
cells of Chlamydomonas ohtusa, Braun tolls us, Avhen sAvarming arc of a dark 
green colour, triuicate at both ends, and, aftiM’ multi])lying fiw some time, 
qirodncc hero and there A'cry minute jjalcr and more hrownish-yelloAv micro- 
gonidia. “ In the course of a foAV Aveeks no more hctiA’e cells could be found 
in the water, tho full-groAAm sAvarins having all giadnally come to rest and 
sunk to the bottom. The original longish shape of tho c(3lls had changed 
into a qiorfect sqdicre Avith the transition to rest ; the colour of these resting- 
ccUs, originally green, gradually passed into a light yellowish bro>vn ; at the 
same time a number of small, sliarply-dcfiiied, brilliant globules were formed 
in the interior, ha\ing quite the apjiearance of droqjs of oq). In this altered 
condition the Chlamydomonads remained, exhibiting ncithfa’ groA\"th nor 
increase.’’ It is added, in a note, that these resting (seed) cells arc about 
in diameter, haA’c a tough, colourless, and transparent membrane, and 
finally assume a flesh-red colour. On aAA-akcning from this ‘ resting ’-stage, 
segmentation of the contents revaves, AAuth the disappearance of the red and 
oil-like elements. The resting-stage of the microgonidia has not been suffi- 
ciently investigated. 

Chlamydomonas PidvisciduSy in the opinion of Cohn and most others, is 
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unrlistinguishable from Pohjioma Uvelht in ever}’ material point, the absence 
of colour, and its habitat in decomposing infusion alone ottering themselves 
as distinctive of the latter. Nay, what is more, he discovers the intimate 
resombbineo of Chknntfdomonas to the resting-stage of a Volvo.v which he 
discovered in decomposing infusions, nnd named V. hyalina. From these 
considerations he concludes that Chlamydomonas and Folytoma must be ranked 
with VoIvo.v in the vegetable kingdom. 

But Chlmnydomonas is made to appear a metamoi-jduc condition of yet 
other organisms. For instance, Itzigsohn states that, after the joints of the 
filaments of Omllarm tennis arc separated, they produce motile gonidia 
“which present in all respects the aspect of Clilamydomonads, but which, 
aftei- ])assing through many intermediate forms, grow into perfect Emflemv. ” 
(.7. M, S, l«Sii4, p. 189). Likewise Hartig, in his account of the transfonna- 
tions of the Phytozoa of Anthondia (J, M, S. 1 855, j). 54), makes one phase to 
ix^semble Chlmnydomonas destruens of Fhrcnberg. Lastly, Cohn confesses 
( On Protococcus, It. S. p. 555) that the motile or swarming form of Protococcus 
is scarcely distinguishabh} from Chlamydomonas, except that the latter has 
not been observed by him in the ‘ still ’ condition. Hut this presumed point 
of divergence itself vanishes since Hraun’s observations have made us ac- 
(luainted Avith the quiescent phase of that organism (]). 147). 

The relation of Chlamydomonas to Stephanosphmra, and, in general, its 
alliance with the Volvocinu as a jjlunt, have been reviewed in the jn’Cceding 
remarks on the family (]>. 1 45). 

Chlamydococcm (XTN. 20-Hl), another unicellular, isolated organism of 
the family Volvocina, luis arrested much attention, and been desenbed at 
large by Flotow, Hrauii, Cohn, l^erty, and others under the additional names 
of Protococcus, Ilamalococcas, and Ilysyinum, Khrenberg has no genus 
similarly named; hut modern researches show that Cyyes is in part its 
e(]uiv{ilent, although but one phase of its existcmce. 

Fhreiiberg’s account of Gyyes is veiy meagre. He characterizes it as 
Avanting both filaments, eye, and tail, and as completely encased Avithin its 
lorica (an urceoliis). He could discern no traces of a nutritive system, and, 
except a very slight movement rendered e\ident by colouring the fluid, 
could detect no indication of animality. On the other hand, Mr. Shiittle- 
Avorth examined O. sanyuineus, and stated it to havcj a lively motion {Edinl}. 
Phil, Journ, v. p. 29). 

In our prcliminaiy notes on the Volvocinetc in general, a ATgetable nature 
is assigned to the Chlamydococcus ; and its relation to other Volvocinecn is 
thus laid down by Cohn (A.N.II. 1852, x. p. .*3135): — 

“ Chlamydococcus is a •unicellular Alga in the strictest sense of the word, 
never composed of more than one cell at any peiiod of its growth, and each 
division forms the commencement of a neAV indiA'idual, whilst the remainder 
of the Volvoeinecu [i,e, excepting Chlamydomonas~\ present themselves as 
families of cells, in Avhidi a definite number of eipiiA^alent cells are combined, 
in some measure, into an individual of a higher order. 

“ The researches of Alex. Braun, like my oAAm,’^ he continues, “ haA^e 
proA^cd most distinctly that Chlamydococcus can only bo placed Avith pro- 
priety among the Algm. It is distinguished, indeed, from the moving germ- 
cells by Avhich far the greater pai-t of the species of Algae are propagated, both 
by a somewhat more complex structoe and by the circumstance that the 
motion lasts for a very long time, and, finally, by the poAver of the moving 
cells to propagate as such Avithout entering into the state of Vest (gennina- 
tioii) otherAvisc than as quite a temporary’’ condition. But these objections 
touch only, to some extent, the specific character of Chlamydococcus and the 
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Volvocfnete generally as unicellular plants; and they do not stand there 
among the Algae altogether without intermediate conditions, as Alex. Braun 
has proved, especially from the long movement of the VoJvochmv. 

On the other hand, the external form, like the chemical and morphological 
organization of the contents, the laAVs of motion, and the general physiological 
j)henomena, esi)ecially however the behaviour in the transition into the con- 
dition of rest, in Chlamydococcm^ agree so perfectly with tlio moving spores, 
the transformation of which into undoubted idants has been demonstrated 
with scientific cleamess, that no unprejudiced observer can discover an 
essential distinction. I have mentioned in my essay that Khrenberg himself, 
although he claims the moving condition of the forms allied to Chlamydo^ 
coccus as Infusoria, has declared the resting-stage of this, or a most closely 
allied genus, to be an andoidUcd Alya ; and yet the moving Infusoiia Jire 
only a propagative form of the motionless Alga. Finally, I have succeeded 
in demonst rating the membrane of the cells of Chhnnydococcas, both in the 
resting and i?artic\darly in the moving stage, to consist of cellulose, and thus 
in establishing the most important criterion of a vegetable cell we arc at 
present acquainted with — the ternary composition of the cell-membrane — 
in the Infusorioid condition of Clilamydococcus. In fact, all the more recent 
obs(‘rvcrs of Chlarnydococcus, the number of whom is not inconsiderable, 
have, almost without exception, agreed in recognizing in all conditions of the 
development of this form, only a plant and nothing hut a plants 

Besides the valuable sketch referred to, of the relations of Chlamydococous, 
Cohn lias presented an elaborate memoir on this organism under the name of 
Frotococcus, in a paper translated for the Bay Society (Botanical and Physio- 
logical AFemoirs, 18o,‘.l), and has subsequently extended liis views of it and 
its affinities in his essay on the develo])ment of microscopical Algie {Kntwiclc. 
d, miJer. Algen, 1854). Of these most important papers we shall make freo 
use in sketching the history of this genus. 

‘‘ The moving cell of Chlamydococcus is composed of two principal parts, a 
hyahno spherical envelope, which is Ibnned of n delicate structureless mem- 
brane consisting of cellulose, and immediately surrounds colourless contents, 
perhaps consisting of pure water. In the centre of the envelope occurs a 
coloured globule, composed of the universal nitrogenous protoplasm or mucus 
of vegetable cells, coloured red or green by chlorophyll or a carmine-red oil, 
and containing imbedded in it numerous granules of protoplasm, as well os 
one or more large chlorophyll-vesicles. Tliis coloured globule is attenuated 
at the U 2 )per end into a colourless point ; from this go out two cilia, which 
protnido into the water through two orifices in the membrane of the enve- 
lope, and produce the movements of the whole. T[4ic inner coloured globule 
is not bounded by any rigid membVano, but merely by a thickened layer of 
protoplasm; hence its contoiu’ is very changeable and passes through mtani- 
fold transformations in the course of its development. In particular it fre- 
quently becomes elongated in all directions into colourless radiating filaments, 
Avhich keep the internal coloured globule suspended freely in flic envelope, 
and arc afterwards retracted in the course of the devcloj)mcnt. 

The motionless cells of Chlamydococcus are of much •simpler structure, 
and, like all forms of Frotococcus, consist simply of a tough spherical cellulose 
membrnne and green or red contents organized as primordial utricle. The 
history of development show's that under certain conditions the contents of 
the motionless cells become divided into a number of portions, wdiich alw'ays 
correspond toktw’o, or n power of tw'o, in their number, that these portions 
become organized into special primordial utricles, and as such break through 
the parcnt-ccll, each developing tw'o cilia, and by the aid of these rotating 
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iictively in the wfitcr. During their motion they excrete a delicate cellular 
membrane over their entire surface, whiiih is gradually removed farther and 
farther Irom the primordial utricle 1>3' endosmoso of water, until at length it 
becomes the wide envelope of the moving form described above. From this 
it follows that the latter forms do indeed possess on the whole the character 
of simple cells, but disf)lay some 2 )ceuJiarities in their stmetui'c and develop- 
ment, since (he iiitenial coloured globule corresponds oi-igiiuilly to the pri- 
mordial utricle of other vegetable cells, yet is not surrounded by a membrane, 
as usual, but suspended free in it like a cell-nucleus, while Avatery, unazotized 
contents appear between the membrane and the primordial utricle. For this 
reason T have called the enclosed coloured globule, Avhich is formed first, and 
originally moves about without a special membrane in the manner of a cell, 
and corresponds to the i)rimordial utricle of vegetable cells in general, the 
prhiturdlaJ cell, and the enclosing membrane with its wateiy contents the 
enn lope-ceiL The moving 6V^^/ni?/^/o6*oc6•^^.s•-condition is capable of propagating 
as such, by tlie enclosed ])rimordial coll dividing a uoav, the individual portions 
shpping out of their euvclope-eell aiid ninniiig through the cycle of develop- 
ment of their parent-cclLs. In jjassing into the state of rest, the enclosed 
ju’iinordial cell secret('s over its surface, inside its envelope, like every i)i i- 
mordial utricle, a new tough cellidosc membrane, and tlirough this metamor- 
jjliosis assumes the form of an ordinary Protococciis^ccUf Avhile the envelope- 
cell is dissolved. Ikit only such j)riniordial cells behave in this way jts are 
l>roduced by tlui division of n Chfamt/dococcus-^lohiilL^ in a lower ^Jower of 
two: the primordial colls originating from a 10 (3-1-fold dirision move far 
more actively and do not secrete an cnvelopc-cell ; they arc incapable of any 
proi)agatioii, and [)ass iimnediately into the condition of rest. Alex. lirauii 
has called these forms of Ohlampdoeoccaa, which devolope an envclojDc-cell, 
macrofjoiudia, and distinguished the smaller ones originating from multifold 
division , as 

'Die division of the si^ore- or rod resting- cells of Cldamydococcus into two, 
and then into four segments, each producing a new generation of resting- 
cells, has of late boon questioned hy Cohn and Wichiira ; but Mr. Cui’rey 
believes he can conlirm this occuiTeuco, since he has “ distinctly obseiwod 
the process of self-division in some red resting-colls, which were probably 
those of Cldamydovoccns. I say,” he Aviitcs, prolmhly, because the red 
rcsting-cells of Cldamtfdococcus arc (piite uu distinguishable from those of 
another of the FoJvochmc, viz. Steiduimsplurra pluvlaUa, so that without 
following out the development it is impossible to i)redieatc whether such rod 
cells belong to one or the other.” (./. Al.S, 185tS, p. 201).) A further refer- 
ence to this topic Avill be found in the account of ^tcphanosphm'a. 

On reviewing his history of Cldainydoeocciis (^Protococciis) pluvicilis, Cohn 
attributes to this plant an ‘ altcTiiation of generations,’ and jmints out the 
periodicity observed in the ai)pcaraucc in a collection of w’ater of the seveml 
phases, the one roi)lacing tlic other (On Protococcus, IL S, 185J3, pp. 549, 550). 
Subsequently he details the number of very’ various and changing forms of 
development it passes through, ‘‘ Avhich have been either erroneously arranged 
as distinct genera or at least as remaining stationary in those genera, although 
in fact only transitional stages ” (p. 559). “ Thus,” he continues, “ the ‘ still ’ 
Protoc^ccus-ccll (XIX. 20) con'esponds to the common Protococcus coccorna 
(Kg.) ; when the border becomes gelatinous it resembles P. pulcher, and the 
siiuill (Mills P. minor. The enej’sted motile zoospores are the genus Oyges 
grannliim among the Infusoria, resembling also on the other side P. tunjklus 
(Kg.), and i)erhaps P. l ersatilis (Braun). The zoosiiores divided into two must 
be regarded as a form of Gyges hipariitits, or of P. dimidlatHS. In the quadri- 
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paiiiite zoospores with the secondary cells arranged in one plane, wo have a 
Oonium, That with eight segments corresponds to Pandorina Monim, and 
that 'with sixteen to Botri/octfstis Volvox. AVhen the zoospore is divided into 
thirty-two segments, it is a Uvella or Syiicrypta (XIX. 27). Wlien this 
form enters the ‘ still ’ stage, it may be regarded as a form analogous to 
Microhaloa lyrotoyemia ; this Algal genus is probably, speaking generally, 
only the product of the UreJ/u -division in the Euylcmr or other green forms. 
The naked zoospores (XIX. 28), finally, would repre^sent the form of a 
Monad or of an Astaaia (XIX. 29); the caudate variety approaches that of 
a BodoP 

Ikirty has devoted several pages to recount his OA\’n obseiTations and ex- 
periments on the genus Chlainydococviia, or, as ho prefers to call it, Jlysyi- 
num, lie institutes two s])ecies, which he states to be ei|ui valent to Proto- 
coccus yluvudls and P. nindis of other authors, and insists on their specific 
distinctness. Probably, he adds, other varieties of Protococens coloured red 
are also referable to this gi'uiis, at lc‘ast such of them as present an animal 
phase of existence. To his mind, the vital phenomena of such organisms 
arc best explicable on the supiiosition of an animal nature ; li>r, says he, 
cells Avhicli move altogether like Infusoria, and exhibit sensation in their 
young condition, so long ns they present such i)hc‘noinena, arc not vegetable 
cells. ^Moreover, he thinks it established concerning the Phytozoa in general, 
that in certain stages of their life they sometimes belong to one, and in 
others to another kingdom of nature, or arc so nearly allied to both that a 
seiiaration is inipossildc*. 

After the space already devoted to the structure of Chlamydooionas and 
Cldumydococcus, an ahstrac't of Party’s long contribution on the subject can- 
not be introduced ; iind indeed, ajiart from his ditlbrent interyiretation of 
their vital ])h(‘nomena, little could ho produced not included in Cohn’s com- 
[)l(‘te examination. There is, however, a paragraidi in Mr. Carter’s just 
published valuable contribution on Eudorina, relerring to Chlmnydococciis, 
which must not be omitted, lie wultes {A, N. JI. 1 858, ii, 244) : “ OhJumy- 
dococcus undergoes the same kind of changes in development ns Euftorina, 
from which it only differs in structure in being smrdler and globular instead 
of ovoid, in the absence of an external envelope, and in the cilia of the 
daughter-cells being included within the parent-cell; hence it also differs in 
being moti*)nless, though the compartments of the daughter-cells are suffi- 
cienlly large for them to turn round and move their cilia freely therein, 
which they are continually doing. T’he primary cell of Chtamydococcus, like 
that of Eadorhui, divides up into two, four, eight, or sixteen cells, and those 
of the eight- and sixteen-divisions again into groups of sixteen or thirty- two 
each, so as to resemble th(3 third Stage of Eudorina. Hence we may perhaps 
infer that its fecundating process is similar to that of Eudorinci ; but this 
remains to be discovered. Chlamydococcus has also a great tendency to stoj) 
at the two- and four-division, from which it may pass into the * still ’ or 
Protococcus-ioYm, and, floating on the water in a kind of crust, present cells 
of all lands of sizes undergoing ‘ still ’ division. In all its multiidications, 
partial and entire, how'ever, it generally maintains its yjilmary or spherical 
form, and docs not become ovoid or oblong like the groups of Eadorina, — the 
only exceptions being in the two- and four-division, 'where the green cella 
arc sometimes ovate (probably from want of room in the parent capsule), as 
represented by Ehrenbcrg in C. Ptdvisculus, to which I should refer it, had 
lie not also ^ven an ovate form to the type-cell of this species; nor can I 
refer it to C, jjluvialis ; for in all the changes I have yet seen it undergo, the 
red colour has not increased beyond the minute eye-spot, while this also dis- 
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appears, and the cilia too, when this sijccies passes into the ‘ still ’ form. 
Hero it undergoes the same kind of division that it does in the active state ; 
but the parent-ccdl, instead of becoming distended by imbibition, remains 
closely attached to the daughter- cel Is, so as to give the group a mulbcriy 
shape. How long it remains in the ‘ still ’ form 1 am ignorant ; but 
having only seen it in the active state during the months of May, June, and 
August, and throughout the rest of the year in the ‘ still ^ one, I am in- 
clined to think that it only comes into the active state during the summer 
months, and then for the puriiose of fecundation. 

“ III sov(;ral instances, also, where I have found this CJilamydococcus with 
Bvuloi'ina, they have been aecomjianied by long Clostcriform cells. It was 
tlic case in that above mentioned, where the latter was undergoing impreg- 
nation. Some of these have an eye-spot, which, with the natiu'e, arrange- 
ment, and general aspect of their internal contents, shows that they belong 
to the class of organisms W’ith which they are associated. Their cell-wall 
also is more or less plastic, or Avas so Avhen they were assuming tliis spicular 
form ; for many have one or more diverticula extending from them, some are 
bilid, and a few irregularly stellate. What the}^ arc, 1 know not ; but J)r. 
Cohn has figured the same kind of cells, in company with Sphcp/rojalea anna- 
lina, under imiiregnation.” 

Mr. Currey {op, cit, p. 21())has noticed and ligured what he conceives to bo 
a generative variety of Chlamydococciis (XX. 24). “ 'i'his,” ho says, “ I take 
to be a state of Chhimydococcm. The outer mcmibrane was colourless, and 
the two internal globular colls of a clear, bright ruby crimson. The iieeu- 
Uarity of the plant consisted in the fact of the cell being filled with minute 
staff-like subcylindrical bodies in active motion, precisely similar to the 
spermatozoa of Vaiwheria, I watched these bodies at intervals for about 
twenty-four hours ; and the motion was incessant. At the end of that time 
the cell slipped amongst some other Alga) on tlie same slide and was lost. 
Whether these little active organisms Avere really spermatozoa, or Avhether 
they belonged to the mysterious bodies Avhich, in some Avay or another, arc 
supposed to find their way from without into the cells of Alga), it is im- 
possible to say.^^ 

The next figure (XX. 25) is also copied from Mr. Currey, and, as he re- 
marks, eri dent! y “represents the final stage of some Volvocinemiw which the 
gonidia have become encysted.’^ We allude to it here, althougli it docs not 
belong to C hlam ydocoeem. Mr. Currey observes furtlier, “ I notice it be- 
cause the encysted cells were of a pale yellowish-brown colour, and covered 
with minute iiits or depressions, and were altogether different from those of 
any other iUga with Avhich I am accjuainted. In randorina and Steplumo- 
sjdurra the resting- spores arc red, in Voho.v bright orange ; and in neither 
ease arc there any such markings as those in the membrane of the cells 
shown in the figure referred to.’’ 

Gonium (XIX. 32-37). — This genus received considerable attention from 
Miiller and Khrcnberg. The latter described it as composed of sixteen 
Monads, resembling Chlumydomojias in all points oxccjpt in the absence of 
an eye-spcck, collated together in a quadrangular tablet, Avith from three to 
six intercommunicating tubes or cords. Each Monad Avas said to be enclosed 
in a hyaline lorica, called here a mantle {tacenia), Avhich it could at limes 
quit ; also to have two filaments (proboscides) extended from the mouth, re- 
presented by a clear spot at their base ; several clear stomach-sacs, a con- 
tractile vesicle, tAvo round sexual glands, and numerous green oya. Detached 
individuals, he added, sAvam like Monads, in the direction of the longitu- 
dinal axis of th(ir bodies, Avith the mouth in adAance ; but Avhen in tablet- 
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like colonies sometimes moved horizontally, at othci’s vertically, or rolled on 
their edges like wheels by the aid of the pair of vibratile filaments of each 
member projecting from the surface. 

The animal organization here represented is now-a-days generally ignored, 
and Gonium takes up its position among plants. Prof. Cohn (to whom we 
are so much indebted foi* our knowdedge both of Protozoa and Protophyta) 
has contributed a valuable paper {Entw. d, mikr, Altjen u, Pilze) on this in- 
teresting being, of which we shall present an abstract. 

The entire organism is invested by a colourless transparent muco-gela- 
tinous envelope without any cellulose limit- membrane, whence it is that this 
common envelope has freiiuently i)assed unobsen'ed unless some colouring 
matter, such as Indian ink, has been added to the water. 

The figiii’o varies according as the plant is riewed from above (on its 
polar aspect) or from its side (on its ecpiatorial aspect), being in the former 
point of view a quadrilatc ral tablet Mdth truncated angles and rounded cor- 
ners (XIX. 32), and in the latter a flattened spheroid. 

The simple or primordial cells (XIX. 33) enclosed in this mucous sheath 
are sixteen in nuinber, disi)osed in a uniform manner, so that flair cells, 
leaving a scpiare int(‘rval in the centre, are bounded externally by twelve 
others, three of which fonn one of the four sides of the organism (XIX. 32). 
Tlie central cell of the three is, moreover, not in a lino with the other two 
on the same siflc, but set nearer to the centre ; hence each side of the tablet 
is holloAved out in the middle. Closer research also shoAVs that each of the 
cells is not spherical, but polygomil, the four internal being six-sided (hex- 
agonal), the twelve peripheral five-sided (pentagonal) ; the conseqiK'uco is, 
angular intercellular s])aecs are left, the central of all being quadrangular, 
and all the rest triangular. This anangemerit of the primordial cells is 
normally so regular, that Cohn represents it by a geometrical diagram ; still, 
in all tablets of Gouiiun this is not the case, and particularly in very young 
specimens. 

The regular polygonal contour of the cells indicates that tlu^y are not 
mere masses of soft variable protoplasm, like those of Sfr^hanospheera, but, 
on the contrary, arc each of them surroundt'd by a. (•oh)urless, hyaline, didi- 
cate but firm mcanbraiie, imposing on them their lixed form (XIX. 34). 
This structure ind(?ed is not generally disct'rnihle, unless by some abnormal 
conditions, oi* by tlio otreurrencx; of self-division (XIX. 35), in Avhich, as 
only the green contents arc concerned, it comes to stand apart from the latter 
as a distinct, separable sac. It can, moreover, he dcmionstrated by cinshing 
the cells, Avheii the chlorophyll escapes through the remt, and leaves the 
colourless and fractured case. Cohn is convin(;cd Unit this membrane is 
composed of cellulose, although, ftoiii the inability to isolate them, he has 
been unable to prove it by chemical reagents. 

Without any preparation this investing membrane can, further, bo detected 
at the angles of the cells, from each of which it is prolonged in the form of a 
short tubular process, empty and colourless, the contents being restricted to 
the general cavity of the cell (XIX. 34). Each cell sends out such a pro- 
cess from its several angles to unite with a similar one from each contiguous 
cell : in this ivay arc formed the intcrcurrcmt cords or canals alluded to by 
Ehrenberg. It follows also from this structure that the link connt^cting the 
angles of conjoined cells, belongs one half to one and the other to its com- 
panion-cell. 

The naturg of the G'on/fou-cells and their connecting tubes is clearly dis- 
played by obsendng the <rhanges consequent on the gradual evaporation of 
the water about them. For instance, on adding salt by degrees, a portion of 
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the water included in the cells is withdrawn, whereupon their contents con- 
tract themselves into a globular form, revealing the investing membrane in 
its entire periphery. Again, when the mucous envelope breaks up by difflu- 
ence, the cells show a tendency to separate : the link-liko canals are first 
drawn out, and subsequently give way at the point ot junction of the two 
processes which form them — and this with such a degree of elasticity, tliat 
the cells appear to burst fiom one another with a spring ; and thus at length 
the entire organism is resolve<l into an irregular collection of cells. 

In the immature period (XIX. :i3-36) the outline of the cell-membrane is 
spherical ; for the angular figure and the development of the junction-pro- 
cesses are subsequent phenomena. Further, the extension of the j)rocesses 
at times goes on so far that the 6ronmm-cells at first sight appear detached 
from each otlier and free, wliich is never the case naturally. 

In otJier points of organization the cells of Goniiim corres 2 )ond with other 
loi*icatcd swann-cclls, 2 )articularly with those of Ohlcmif/domonas. Their con- 
tents consist of ])rotoplasm coloured by chloro 2 )hyll, among which, in older 
specimens, are numerous coiqmscles (the ova of Ehrenberg) that imi)art a 
deoj)er colouring ; of a central circumscribed darker cor])usclc, which, as par- 
ticipating in every act of fission of llio cell, must be esteemed a nucleus ; of 
several vacuoles, often numerous but occasionally wanting, and of two or 
three shaiqfiy-dcdincd vcvsicular simces, constant in position at tlio base of the 
filaments (XIX. 33). I'he last-named are the locomotive organs of the 
organism, are two in number, and proceed from the protoplasm, passing 
through foramina in the special cell- wall, and afterwards through the com- 
mon mucilaginous envelope, so as to ajjpear, in the polar aspect, like out- 
stretched fibres from the tabular organism. 

The movements of Gonhim resemble in all resj)ects those of Ble^^hanoaphrera 
and Chlamyflococcus and other swarm-ccUs. The plant revolves on its short 
axis, so that in its i)olar aspect it appears like a rotating surface, whilst in its 
efpiatorial it has on the contrary a linear outline. 

In tlic course of its development by self-division, neitlicr the general mu- 
cilaginous coat nor the cell-membrane is conceiiied, but only the contents. 
The fission into 1(5 segments to form a new colony has not that simultaneous 
character which Ehrenberg implies, but lakes ];)laco by four stages or genera- 
tions, in every one of which a bisection of each cell already developed ensues 
(XIX. 35). It is only in fully dovelo])ed Gonium-tuhlots that self-division 
is otfected — ^for examide, in such as have ccUs in diameter, and sepa- 

rated from one another by the elongated intercommunicating jn’occsses, and 
where those cells have the disposition described as characteristic. 

On the comidetion of the act of self-division by the construction of IG 
small cells, tliese are found occuj)ying just the same relative position within 
the membrane of their parent-cell as do the members of a jierfect Gonium 
(XIX. 36). Amid numerous examples of the plant, specimens may he met 
with abnormal in the number of constituent cells ; for instance, colonies of 
only 8 cells occur, which are explicable on the supposition that the last 
stage of fission, i. e. the last act of generation, has been arrested, and only 
three such acts completed. The like irregularities are often noticed in other 
Vohocinece, 

Tlio primordial cells of the newly generated colonies appear unconnected 
with each other, whilst the mother-cell wall, which still includes them, is 
considerably distended and elongated in one direction (XIX. 30). The move- 
ment of the colony as a whole continues until the last stage of ftssion is com- 
pleted, whereupon it ceases, and the newly formed groups commence a move- 
ment within their enclosing cell, sometimes presenting themselves in one 
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Ijlano* as a disc formed by a collection of green globules, at othei-s, on their 
edge, looking little more than a green line. 

At hmgth the mother-ccU ruptures, and, the mucous envelope having dis- 
appeared at a pi*e\iou8 stage (XIX. 37), the young colony escapes into the 
surroiuiding water, moves freely about, and commences an iiidepeiideiit ex- 
istence. These young forms have usually a diameter of xho' Supposing, 
which is very probable, that a young Gonium after 24 hours is capable of 
development by fission, it follows that under favouiablc conditions a single 
colony may on the second day develope IG, on the third 25 G, on the fourtli 
409G, and at the end of a week 2G8,435,45G other organisms like itself. 
Tliis calculation sufficiently explains the extremely rajud multiplication of 
these organisms, coloming a collection of water, floating on its suifiicc as a 
scum, or settled in bad weather as a filmy stratum at tlie bottom. 

The cells which break away from the group, and so leave vacuities in its 
conformation, resemble in their isolated condition the cells of Chlaniifdomonas, 
8uch detached cells were deemed by Ehrenbcrg CMpially capable of fission as 
the persistent membera of a colon}’ ; Cohn, however, has iicJVtT observed the 
ph(?nomenon, and believes, on the other hand, tliat, after swarming for a time, 
they enter into a state of rest, and by shedding their locomotive filaments 
assume the Pi-otococcoid state. This ‘ still’ form of the G'o)i/i(ai-c(41s is in all 
likelihood also entered upon when the water in which they live is dried uj) 
and the functions of life suspended ; and it may be that on the addition of 
fresh water such cells give issue to motile foi-ms, and thus a parallel scries of 
clianges occur in this organism to that observed in Stephatiosphmm, Never- 
theless a resting-stage of Gonium is not positively demonstrated ; for although 
analogy is in fiivonr of it, and the occurreuce of Protococcoid colls in com- 
pany with the ordinary tabular groui)s suggests the probability that these 
are ‘ still ’ cells, yet the absence of characters to distinguish tliem from the 
swarm -spores of other Algie renders their d(i termination at bc‘st a mattcu’ of 
doubt. 

Development by fission as dc'serihed is, therefore, the only mode ])roved to 
exist ; it resembles that in Vhlamydococrus and Stt phansopluvruy by which 
macrogouich’a are formed. The piodnction of microgoiiidia, as seen in both 
the genera just named, as well as in Kiulonna {Ptindoriiut) and Volvo,v^ is as 
yet unknown in Gonium. 

llospecting its relation to other Volvocinetp, it is to be observed that, 
although there arc striking differences, there are, on the other hand, decidetl 
natural affinities betwixt them and Gonium. Thus, although the envelope- 
cell is so imperfectly developed that it cannot be represented ns a s])ecial 
shut sac, as in the case of Stcphanosphfmi, C/ilamydococcus, &c., yet it is 
analogous to the envelope-cell of those genera in Its relation to the cell-con- 
tents ; and, besides, in the case of the intimately allied Kudoritui elcf/mis, the 
common envelope, which resembles that of ^teplianosjdui'.ra , is found first as 
a simple, and later as a double fine cell-mcmbrano. (In Pandorina, indeed. 
Professor Henfrcy asserts the mucous cnvtdopo to be devoid of a limiting 
membrane.) 

Again, the primordial cells of Gonium are enclosed in special membrane, 
and not mere globules of protoplasm unprotected save by a pellicular layer of 
the same substance ; thus the disposition in Gonium (the primordial cells 
enclosed by a membrane, the cnvelopc-ccU not invested) is just the reverse of 
that in Chlamydococcus, Ohlamydomomis, and Steplumosphapra. Howcv(;r, the 
existence of p. membrane around the primordial cells is not an anomalous cir- 
cumstance among the Volvocinetjp, since, in certain stages of development, a 
fimi closely applied membrane is produced around the cells of the oth(*r 
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genera — as, for exami)le, around the microgoiiidia of Chluinifdocoecus when 
they enter on their rcsting-stage, and about the cells of SteiihaiiwspluKra 
when prepaiing to leave tlie common envelope. But, further, in these in- 
stances, when this special closcdy applied membrane appears, the envelope-cell 
breaks up into a mueiJaginous layer, and then presents the normal condition 
of that of Gonium. In othei* stnietural matters, in the number of vibratilo 
tilaments, and in the liistory of development, Gonium entirely accords with 
the other gonei’a. 

After tins rovicAV of the affinity of Gonium with the other Volmcinece, it 
follows tliat, like tliem, it must he of a vegetable nature, although cellulose 
has not been detected in it. Still more, the evident relation of Gonium with 
Pedlastrum (11. 44), the plant-nature of which no one at the present day will 
gainsay, points to the same natural position. It agrees with that plant in 
general structure, in the union of several cells in one plane, in the number of 
those cells and in their self-fission in the power of two, in the development 
of new tablets and in obedience to the same laws. The only difference 
between these two genera is, that in Fediastrum the swarming of the cells, 
althougli surrounded by a common envelope-cell, ceases when they are asso- 
ciated together in a tabular form, — whilst in Gonium the reverse is seen, the 
power of motion becoming manifest when the several cells arc in combination. 
To state this generally : in Fediastrum the individual cells swarm, and the 
colony is quiescent ; in Gonium the colony swarms, and the quiescent state 
of the several cells follows upon their separation. 

However, there are organs in Gonium which, did they admit of proof as 
essentially animal s tinctures, would be fatal to all these arguments for its 
vegetable nature. These are the two, or more rarely three, permanent 
vacuoles visible near the origin of the vibratilo filaments, which are seen to 
contract and expand altematcly within a brief interval. These contractile 
vesicles have a sharp outline, arc colourless, and look like clear rings in the 
midst of the green cells. To detect them and their movements, the most 
translucent and large cells must be chosen ; they must also be perfectly still, 
and lie flat upon the glass slide, — an object attainable by a partial evajDoration 
of the drop of water. 

The two vacuoles (XIX. 33) are but little apart, equally clear and largo, 
and api)arently unconnected. Their action is alteinate, each vacuole under- 
going a systole and diastole in succession, whilst the time occupied by the 
systole, by the diastole, and by the interval is equiil. The same equality 
in time obtains also bctw'een the two vacuoles of the same ccU. Likewise a 
uniformity prevails among the different cells of the same Gonium, but not 
among the cells of differeqt specimens ; and Cohn holds tlie occurrence of 
rhythmical contractions of these vacuoles aTi a well-established fact. 

These, therefore, arc pulsating si>aces, filling up with water, and after a 
time expelling it, and agree in all points with the so-called ‘ seminal vesicle ’ 
of Ehrenberg (the contractile sac or vesicle of other authors) met with in 
ciliated Infusoria. Cohn next proceeds to discuss the question if these pul- 
sating sacs are to be considered exclusively animal organs, and anives at. the 
conclusion that thoy cannot be so considered, and cannot be apiicaled to in 
the decision of the question of the animal or vegetable nature of any doubtful 
organism. . 

To conclude this complete history of Gonium, as abstracted from Cohn’s 
elaborate essay, we must add that the description applies only to Gonium 
jjectorale (Khr.), which, in the author’s opinion, is the only spegies referable 
to the VoJvocineie, the remainder enumerated by Ehrenberg being members 
of the genus Merismospedia of the Falmellacect, 
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Pandoiuna (XIX. 59 09; XX. 22, 23).— This genus hus recently been 
very carefull}" and thoroughly exaniincd by Prof. Henfrey (*/, J/. S. 1850, 
11 . 49) in an able memoir, of which we shall make free use to supply our 
readers with a satistactory description of this interesting and beautiful or- 
ganism. Tlie specimens examined were of the species Pandorimi Mornm, 
of which, as Prof. Henfrey justly miiarks, the desciiption given by Ehrcn- 
berg is so incoiTect, that no one would be able to determine tlio organism by 
its aid ; but llie figures in tlu^ JitfitsdoiiJif/ilereJien, altliongli rude, arc sufficient 
for identification.” Dnjardiii contributed nothing to our knowledge of tJiis 
genus, which he treated as one with Eudorina, objecting, vcjy justly, to the 
worthlessness of the red sjieck as a distincth'o generic (dia raider between them. 

Prof. Hen frey’s account is so succinct that it admits of no abridgement, we 
are thert'fore induced to present it mitire. “ The forms,” he writes (p. 50, 
op. rif.), ‘‘presented by this organism are exceedingly varied; and Jiothing 
can be more beautiful tlian a number of tlieni nwolving slowly on their long 
axes in a droj) of water, as seen under a power of about 100 diameters. In 
the first place, the peifect form exliibits two patterns (shown in XIX. figs. 
59 and (JO) ; and tliere are minute counteiiiarts to these, remaining in that 
state, wliile, in tlo' A\ater wliiwo the s])ecies is actively multiplying, all sizes 
betweiMi lig. (M, just emerged from the parent frond, and the full-grown form, 
figs. 59 and fJO, v'ce., occur. The form with 32 gonidia results from the cell- 
division going on one stage further than in the form with Hi; Imt this dif- 
fiTcncc is fixed during the earliest stages of development, as the form with 
1(> nevm* changes into that with 32 after it has become free from the 2)arcnt. 
In the perfect fonns tlie gonidia are arranged near the j)eiiphery of the frond, 
in circles, liki' the e(]uator and parallels of latitude on a globe, — so that Pon- 
donna resembles (Vilm’s StephanospJuvra more closidy than any of the other 
Volvonnean, that liaviiig a single equatoriid ling of gonidia in its globular 
frond. Among tlic forms with the isohited gonidia occur others almost equally 
numerous with the gonidia collected together into berry-like hefijjs (figs. 05- 
08): these aie smaller than the others, but equally varied in dimensions; 
their gonidia resemble those of the other form ; they aj)2)ear destined to 
form the rcstiiig-.spores. 

“ The gonidia are almost globular ; they have no 2 )ro 2 )er membrane, but 
consist of a gelatinoiLs granular substance which contains a thinner fluid in 
the centre, as it contracts strongly by exosmosis when strong saline solutions 
are a 2 ) 2 )lied. There is a large nucleus-like body (the chlorophyll- vesicle of 
A. Ilraun) at the posteiior end of the gonidium (fig. 01) ; and at the opposite 
side is a short beak-like process, with a colourless space behind it : the pair 
of cilia anso here ; and a little to one side and below these is the reddish- 
brown granule called the ‘ eye-sj)ol.’ We have never been able to observe a 
2 )iilsating vacuole, as described by Busk and Cohn in Volvox and Gonium. 

“ The gelatinous frond appears to be perfectly homogeneous, without any 
boundary membrane. Iodine and sulphuric acid do not colour it blue. It is 
tolerably insistent, and appears solid, as it does not give way or become 
indented by external pressure, as is the case with the hollow frond of Volvox. 

“ The fronds are multiplied by the conversion of tin? gonidia into new 
families. If they arc viewed at night, many of the fronds may bo found at 
rest at the bottom of the vessel (in the daytime they assemble at the side 
next the light), motionless, and ^^^th the gonidia rounded and deprived of 
their nucleus. By covering up the bottle from the light, the development of 
the new fronds, which naturally takes place very early in the morning, may 
be retarded, so as to be followed during the morning until noon. Some of the 
fronds may be found with the gonidia converted into beny-liko hea|>s (fig. 62), 
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others with the gonidia already distinct (fig. 03), while many parent fronds 
present the young fronds more or less regularly arranged in the softened 
and expanded parent mass, wliich ultimately dissolves and sets them free 
(figs. 04, 65). They then iucrcjisc in size in proportion to the favourable 
conditions in which they are placed. I have never seen anything like what 
arc described by Colin in SUphmiosiilumt as ‘ microgonidia.’ In a letter re- 
ceived from Professor A. Jlraun since the above was written, he speaks of the 
forms with small gonidia (fig. ()4) as the ‘ microgonidiar form. 

When kept for some weeks, an increasing (piantity of fronds became 
accumulated at the bottom of the water, and these chiefly of the character 
shown in fig. 66, but devoid of cilia ; and wdiile many of them decayed, in 
others the gonidia l)e(;ame encysted so as to form globular cellules. Left for 
a fortniglit, the water was found without a trace of green colour, with merely 
a broAV Tiish sediment at the bottom, upon examining which, it was found to 
contain a large number of bciTV-likc forms with the gonidia not only en- 
cysted, but with their contents converted into a r(;d, oily, granular substance 
(figs. ()7, 6S), as in the resting- spores of many Confciwoids. The gelatinous 
frond was here almost dissolved away ; and a slight pressure was sufficient to 
detach and separate the cellules, which are doubtless rcsting-sporcs (fig. 6J)) 
and destined to become subsecpicntly developed into new fronds. This remains 
to be decided. 

“ The orgiinism thus described is a well-marked and distinct species, very 
ditferent from Volvox and Gonhim, but approaching near to Stephnnosplunra, 
The form which produces the rcsting-sporcs, after losing its ciliji, is Kiitzing’s 
Botnjocifsfis Morum, 1 have met with a form like this not imfroipiontly, but 
never before with the perfect Pandorhia. Mr. Pollock tolls me that he has 
collected from the same pond for some years past, but never found Pandorina 
before, and yet it colours the water green this season. Volvo.v seems, in like 
manner, to come and go at intciwals of years, its revivification from the rest- 
ing-spores depending much on external conditions. 

Mr. Currey’s valuable contribution to our knowledge of the British freshwater 
Algue (./. M, S. 1858, p. 213) furnishes the following memoranda on Pan- 
dorhui. He wiitos — “ In speaking of the reprodudion of Pmnlorina, Mr. 
llenfrey mentions two processes : 1. the convci'sion of each gonidinm into a 
new frond within the parent mass ; and 2. the conversion of the gonidia into 
encysted rest ing-spo res, which arc set free, and snbsecpiently germinate to 
produce new fronds. Upon this I may remark, that the process of becoming 
encysted does not invariably take place vrithhi the parent frond, for I have 
seen the gonidia of Pandorina escape from the parent frond in the form of 
membra nelcss active zoosi^ircs ; and althoiigh T was not fortunate enough to 
trace the subseijnent fate of these zoospores, the probability is that, like those 
of Chlamydococcm and Goniam, they would become encysted at a subsequent 
period, as*, wlthont undergoing this process, it is difficult to sec how they could 
produce new fronds. This mode of escape of tho zoospores seems to throw 
some doubt upon the suggestion of Mr. Henfrey with regard to the nature of 
the frond of Pandorina, which he considers to be solid, inasmuch as it does not 
give way or become indented by pressure, as is the case with tho hoUow frond 
of Volvo.v, If, however, the frond were solid, the zoospores could not well 
escape, except by its gradual dissolution ; hut, in tho instance I have men- 
tioned, the escape certainly took place by a rupture (as may often bo seen 
with Volvo.v), and not by a gradual process of dissolution. In a paper on 
some Volvocinm^. by Dr. Frosenius, in the second volume of thef Transactions 
of the Senckonberg Natural History Society, he speaks of tho easy escape of 
the cells of Gonnnn pectorah as being evidence against the existence in that 
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Alga of any firm covering, and he draws a distinction in this respect between 
Gonlam and Pamlorina, My obsenntion, however, leads me to think that 
Fandorina, as far as relates to its coat, does not substantially differ from 
Volvox and Gonhim, llcsidos the nature of its coat, there are some other 
points of structure in Fandorina requiring further examination and elucida- 
tion. Ehrenberg stated that the gonidia of Fandorhui have one cilium, and 
no eye-spot, a view adopted by Eresoiiius in the paper I have alluded to. 
Eockc and Dr. llraiin considered Elirenberg’s observations inaccurtite, and 
Mr. Henfrey agrees with them. As far as my observations go, 1 should say 
that the gonidia have usually two cilia, but that they fre(]uontly have no eye- 
spot. Mr. Ilenfroy has never bet‘n able to observe! a inilsating vfUMiole, nor 
was any such vacuole visible in my specimens. Di*. Fresenius, on the other 
baud, has observed one, sometimes two, such vacuoles; and he remarks that 
cilia and red spots are subject to considerable variation, and suggests that 
SU’fdianosidnvra and Volvo.v are probably the only distinct forms to be met 
with in the Voh'odnetv. I should protest against including Goninm pectorals in 
tliesanu^ genus as S i ep?i a no.y datura ; but, with this exception, Dr. Fresenius’s 
suggestion is ])robably correct. If, however, SfrpJianoifpharn and Fandorina 
ani only forms of tlic same plant, the geneiit^ name ‘ Hit phanosphara ’ must 
give place to ‘ Fandoritm,' the latter l)eing of much earlicn* date.” 

Ac.'cordiug to llrann A*. /S', p. 21, the colonies of Fanihrina 

revolve always to the right ; hnt Prof. Henfrey corrects tliis statement, assert- 
ing that they change the direction constantly. AnotluT (drcuinstance re- 
marked by llraim is, that both the birth of the first gcm*ration of gonidia, 
and the production of the succteeding generations by the division of the earliei’, 
occur in the moining aftei* nocturnal preparafion (p. 224), — a circumstance, 
indeed, whicdi prevails in all the Volvocimujp, We must also note that Jimong 
the many ])liases of development of Chhnnifdococcm plnrialis, Cohn discovoivs 
two comparable in form to Fandorina Mornni and to the Folrt/oci/stis P^olvo.v 
of Kiitzing {op. cif. R, /S', p. 559). 

The late valuable contribution of Mr. Carter on Kadorimt {F(nuU)rinn) 
(A. A'. //. IS5S, ii. ]). 257) claims our especial attention as coiifinnatory of 
Colnrs discoveiy of the sexuality of Voiro.i\ a ])arallel fact to that lie bad jire- 
vionsly made out in the case of certain indubitable Algie. Mr. (barter identi- 
ties the organism be lias studied with the Rttdorina efri/ans, Ehr., a speides 
which naturalists at the ])r(*sent day refuse to considiu- actually distinct from 
Fandorina monnn, inasmiicb as the solitary' cliaractiT upon wliich the sepa- 
ration was made by Ehirnlicrg, viz. the presence of a red s])eck in Emlorina, 
is Avcll known to liavc no jirctcnsions to a speia’fic, and still less tluirefore to 
a g(‘neric character. Indeed, !Mr. t,'arter himself treats the ‘ eye-spot,’ if m>t 
as a mei e accidental featiii-e, yet as only an adjunct of a 2 >{*rticiilar jihase of 
])lant-life; for in the veiy paper under notice he inits forward the query, 
“ DtH's not the disa])pcaraiice of the eye-spot in the ‘ still’ form thus setmi to 
point out its analogy with tlic bright colours, especially the red, presented hy 
idants in their fiowors during the season of fecundation, ratli(;r tliaii with the 
eye of animals ? ” 

We may consequently regard this excellent pajier by ^Ir. C'art(*v as an im- 
portant sup 2 )lement to Prof. Henfrey’s admirable and lucid memoir on Fa 7 i~ 
dor i nay especially its developmental history. At the risk of some repetition, we 
shall allow the author to explain his researches and opinions in his own words, 
and the more so as his plan of proceeding and manner of desenption do not 
tally very predsely with those observed in the preceding accoimt of Fandorina, 

“ Before going,” Mr. Carter writes, to the fecundation, it is desirable that 
we should trace the development oiEudon^m up to this point ; but not having 
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been able to recognize this organism in its simiJest form (that is, as a solitary 
single cell), nor any stage of its segmentation piior to the third degree of du- 
plicative subdivision (that is, into IG colls, when the mother-coverings have 
dropped off), I must begin from this penod. 

“ At this time, which wo will call the fii*st stage, the Eudorina consists of an 
ovoid green bod}^ parliaUy divided into the number of ccUs just mentioned, 
each of which is provided with a pair of cilia which project through a thin 
gelatinous envelope that surrounds the whole mass. It is now in its smallest 
size, about 5-54U0tlis of an inch long, that is, not more than the diameter of 
the CJihirngdococcys-cetl, and swims by means of its cilia, with the small end 
foremost, and witli a 2 *otatory motion on its longitudinal axis, as often from 
nght to left as from left to right. An eye-spot is also present in each of the 
four antoiior cells, but seddom visible in the rest at this period. 

“ As the develojmient progresses and the Eudorina increases in size, the di- 
vision becomes complete, and each cell, in addition to the granular mucus and 
chlorophyll w hich line its interior, may now" be seen to be provided internally 
with a sphericiil translucent utricle (which is the nucleus), an eye-spot situ- 
ated pcripherically and midway between the cilia and the opposite end of the 
cell, a contracting vesicle at the base of the cilia, and the pair of cilia them- 
selves. Ijach pair of cilia passes out through a single channel in the gelati- 
nous ceU or envelope, wdiich has now^ become much thickened — and thus their 
movements arc limited up to this point, — while a defined line internally marks 
the boundary of the oi-iginal cell- wall, through wdiich, of course, the cilia also 
pass. 

Dimng the second stage, each of the cells again undergoes dupUcative 
division (the nuclei having been doubled previously) ; and the whole organism 
becoming larger, they arc separated from each other, and being no longer sub- 
ject to the compression which, with the lines of fissiparation tending tow^ards 
the centre of the ellipse, and their confined position, induced a more or less 
conical and polygonal shape, noAv become spheiical and enclosed rcs 2 )ectively 
within distinct transparent capsules. The Eudorina is now 30-5400ths of an 
inch long, and contains thirty-tw"o green cells, Avhich arc evidently situated 
betw"ccn tw'o large, ovoid, colourless, transparent cells, one of which bounds a 
similarly-shaped caAity in the centre of the Eudoruia, and the other is the 
original cell-wall, round which again is the newdy secreted enveloi)o, — while 
the green cells are further fixed in their respective positions by the passage of 
their cilia tli rough the two latter, both original ccll-AAnll and envelope. Thus 
we sec that the Eudorina is derived from a simple (daughter-) cell, and that 
its green cells have resulted from a duplicative subdivision of the green matter 
W’hich lined the cavity of this cell. Anived at this state, which wo shall pre- 
sently see is that of maturity, w^o also obk'rvc that the posterior part of the 
envelope becomes crenulatcd, apparently from flaccidity. 

“ After this, however, it again presents another phase, Avhich may be called 
the third or last stage of development. Here each cell again undergoes a rapid 
duplicative subdivision into sixteen or thirty -two cells, which, in the group, 
assume a more or less oblong figure respectively ; and thus the Eudorina^ ^ 
length is increased to 50-5400tli8 of an inch. The internal stnicturc now 
gradually breaks dow"n before the external envelope, when for a short time 
the groups may be seen swimming about the cavity thus foimcd, till at last 
the envelope bursts and they become liberated. What becomes of them after- 
wards, I cannot state from observation ; but the green cells having been greatly 
reduced in size by the latter subdivisions, it is probable that many of the 
groups, if they do not forai new individuals, sooner or later become disinte- 
grated, and tlu^ Eudorina thus eventually perishes. 
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“ WTien, however, the process of imprognation takes place, the division stops 
at the second stage, — that is, when the consists of thirty- two cells of 

the largest kind, each of which is about l-18()6th of an inch in diameter 
within its capsule, which is therefore a little larger. The process is ns follows : — 

“ At a certain period after the second stage has become fully developed, the 
contents of the four anterior cells respectively present lines of duplicative sub- 
division wliieh radiate fi’oin a i^oint in the posterior part of the cell (and this 
distinguishes this subdivision from that which took place in the original cell 
from which the Emlorhui was derived, and that which takes place in the third 
or last stage of development just described, where the lines of fissiparatiou 
tend towards the centre of the ellipse or ovoid cell). These lines, which ulti- 
mately divide the green contents of the cell into sixty- four i>ortions, where 
the division stops, necessarily entail (from their radiating from a point and 
torminating a little beyond the centre of the cell) a pyiiform shape on the 
segments, from whose extremities a mass of cilia may l)e observed waving in 
the anterior part of the cell of the parent, while yet her own pair of cilia aro 
in active motion, and her eye-spot still exists in situ on one side of her pro- 
geny, — thus showing that the latter may be almost fully formed before the 
parent perishes. At length, however, this takes place, and the progeny, which 
we shall henceforth call ‘ s])ermatozoids,’ separate from each other, and finding 
an exit, probably hy nipturo, through the elfeto parent-cell and her capsule, 
soon become dispersed throughout the space between the two large ovoid colls 
mentioned, where they thus freely come into contact with the capsules of the 
twenty-eight lemaining or female cells. 

The form of the spcrinatozoid now varies at every instant, from the activity 
of its movements and the almost stmiifluid state of its plasma ; and therefore, 
if we had not seen it in the parent-cell, it would be veiy difficult to define 
what this form really is. Its changes in shape, however, aro confined to 
elongation and contraction, like those of Eatjlena viridis, and not polymorphic 
like those of Amceha ; hence it is sometimes linear- fusiform or lunular, at 
otlu'i'S pyriform, short, or elongate. The centre of the body is tinged green 
l:)y the presence of n little chlorophyll, while the extremities are colourless ; 
the anterior one bears a pair of cilia, and there is an eye- spot a little in front 
of the middle of the body, also probably a nucleus. Thus we have a product 
widely different from the common cell of Eiulorina, It is about l-2700th of 
an inch long, and 1 -10,800th of an inch broad. 

‘‘ Once in the space mentioned, the spermatozoids soon find their way among 
the female cells, to the capsules of which they apply themselves most vigor- 
ously and pertinaciously, flattening, elongating, and changing themselves into 
various forms as they glide over their surfaces, until they find a point of in- 
gress, when they appear to slip in,* .and, coming in contact with the female 
cell, to sink into her substance as by amalgamation. 1 say ‘ appear,’ because, 
the female cells as well as the spermatozoids being so small, so numerous, and 
so nearly grouped together, and there being no point like a micropyle that I 
could discover, and the Endorina continually undergoing more or less rotation, 
I do not feel so certain of having seen the act of union take place as if there 
had been only a female cell present with a fixed point for the entrance of the 
spermatozoids, as in the resting-spore of (Edogovtium. But the act itself does 
not require to be seen ; for the constancy of this form of Eudorinay the way 
in which these littk bodies arc produced, their plastic nature, and their be- 
haviour towards the female cells are quite sufficient to convince those who 
have given their attention practically to such subjects that they are spermato- 
zoids, and that there can be no other object in their congregating about the 
female cells than impregnation. If this be not sufficient, their number may 
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frequently bo seen to diminish as they pass backward among the female cells, 
when their disappearance can only be accounted for by their having become 
incorporated with the green cells. EtidoHna in this stage also may frequently 
bo seen with all the four antenor cells absent, and only a few spermatozoids 
left, most of wliich arc motionless and adherent to the capsules, — indicating 
that the rest have disappeared in the way mentioned. Lastly, many Eudorince 
in this stage may be observed with not only the four anterior cells absent, but 
with hardly a single spermatozoid left, — ^indicating that the whole had passed 
into the female cells, or had become expended in the process of impregnation. 
I have never seen any spermatozoids in the central or axial cavity, nor do I 
tliink that there is a means of their escaping externally without rupture ; so 
that their being confined to the space between the two ovoid cells of the Eu~ 
dorinn, where tlie green cells are situated, is another reason, if any more be 
needed, for considering them fecundating agents. 

Wliat changes take place in the Eiidorina after this, I have not been able 
to discover. At the time, the female cells appear to become more ojiakc by 
the incorporation of the spermatozoids ; and the crenulated state of the poste- 
rior pari of the envelope in this stage seems also to indicate an approach to 
disintegration. I liave also observed that those EadorincH which are under- 
going, or apparently liave undergone impregnation, are less active than the 
rest, — that is, those in which the spermatozoids are S(‘attcred throughout the 
interspace mentioned and applying themselves to the eapsidos of the green 
cells, and those in which there ai’o only a few spennatozoids loft. But oven 
if they did become disintegrated, the latter, when free, would so closely re- 
semble those of Ghlamydococcm, wliich was also abundantly present, that un- 
levss the Eudorina could be found undergoing impregnation by itself, or apart 
from this organism, there appears to me no chance of distinguishing the two, 
and therefore no other means of completing this pait of its history. It is 
true that the impregnated cells may undergo some change in form similar to 
those of Volvox ylohator after impregnation ; but T think J should liave seen this 
among the numbers which came under my observation, if it had been the case. 

“ Whilo undergoing impregnation, the female colls always contain from 
two to four nuclei, as if jireparatory to the third stage of development, into 
which they are sometimes actually seen passing, with the spcimatozoids pre- 
sent and scattered among them ; hut the eifect of impregnation generally 
seems to arrest this stage, and tliiis save the species from that minute divi- 
sion which leads to the destructive tcimiiiation of Eudorma already noticed. 

“ Sometimes all the cells together undergo the spermatoid fissuration, \^dlen 
the Eudorina passes into Pandorhia Mornm^ Ehr, ; but in this ease the de- 
velopment does not stop ,at the pyriform spermatozoids, but goes on to the 
development of thirty-two larger glohfilar cells in each group, similar to 
those jiroduced in the tliird stage of Eudorina above described, wdien they 
assume respectively a dome-shaped form, held together by a membrane which 
is fixed to the point in the posterior extremity of the cell from which the 
lines of fissiparation first radiated. As the groups, however, progress in de- 
velopment, this dome appears to become flatter, and, the Eudorina breaking 
up, as in the third stage, these groups, when liberated, finally appear to pass 
into the form of Ganium, when I think they perish like the corresponing 
groups of the third stage. I did not observe this development (in which may 
be included some abnormal states, where only one or tii^o of the spcnnatic 
cells fail, and one or more of the female cells take on this mode of fissiparation 
irregularly) until the normal one of impregnation ceased to appear. Ehrcn- 
borg was wrong in giving the cells of Pandorina and E^vdorina single cilia, as 
has before V)eon stated, and partly WTong in leading out the ey'c-spot, both 
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of which, tliough disappearing ultimately, indicate the continued life of the 
parent-cell, as in tlie development of the spermatozoids, long after the forma- 
tion of her progeny. 

“ Tliiis the process of impregnation in Eudorina agrees closely with that 
described by Dr. F. Cohn in Volvox (jlohator, in whicli organism I had seen 
some of the colls of the interior undergoing a spcrmatoid development exactly 
like that above described, and also that previously figured by Mr. Busk, and 
alluded to by him as one of * microgonidia and therefore the moiiiout I 
perceived it in Etuforina, in connexion with Dr. Cohn’s announcement, 1 felt 
convinced that the latter was light, and that I had before me Eiuforhui also 
undergoing a similar pro(*oss of fecundation. 

“ So much for the spcrmatoid development ; let us now return to that of 
the Eadorina in totality, concerning which there is still an interesting ques- 
tion for our consideration, bearing on the early development of this organism, 
which 1 have already stated mj" inability to siipjdy, viz. how does the sixteen - 
division of the coll in the third stage of developnitmt takis place, so as to allow 
tlio cilia to become external ? It will be remembered that this cell in the 
second stage, before it passes into the sixteen-division of the third stage, con- 
sists of its capsule or cell-wall and the green etmtents ; and it should also he 
remcmhoivd that, although these contents have now no other covering distinct 
from the protojdasm but the cajisule, yet in all algal cells, whenever the green 
contents take on a new form, such as that of a S])ore or group of cells, a second 
more delicate covering is s(q)arate<l from them, for which I have lu;retofore 
used the term ‘ jiroloplasinie sa,e ; ’ those two coverings, tlion, are the i>arontal 
division of the mass, and l)e(?ome caducjous as the rest takes on its new form 
and dovelopos on lia surface a cell-wall. Tims wo get the sixteen (jells sepa- 
rated from their capsuh\ &c., and surrounded by Ihi'ir proper cell- wall and 
the external envelope, which may he a still further thickeiiiiig of the former, 
or a now socredion ; hut, l)e this as it may, the cilia ari^ seen outside it. And 
at first it might lx; thought that they were formed before either the cell- wall 
or envelope, so as never to have heeu enclosed by (ather ; but if this were the* 
(‘ase, the cilia of the sixteen cells, which are adcled by duplicative division to 
the first stage of Eudorina to form the second stiige, should b(j inside tbcs(j 
coverings, or protrude through the original sixteen channels with the oihei* 
sixteen pairs of cilia. However, neither is the case ; for these sixteen colls 
liave their e-haniicls respective!)" as well as the other sixteen cells, in which 
cuvse they must have been made by the sixteen new cells themselves, unless 
the thirty-two-division is fomod Ix^fore the pellicle which subsequently forms 
the cell-wall is supplied, and our first stage does not pass into the second 
stage, hilt both forms are produced at once and sepai’ately from the bogiiiiiing, 
— a point which can only be dotermiiiod by following the development of the 
Emlormn from the spore itself, and that, too, alone, since it is impos.sible to 
say whether the sixteen-division groups, when previoiLsly mixed up with all 
the other forms of Eudorina, are or are not derived direct from the spore, or 
from the third stage of development of this organism. Tliat the sixteen-divi- 
sion or second stage may pass dii'cct into a similar form to tlie third — that is, 
into a form of Eudorina consisting of sixteen groups of sixteen cells each— -L 
have occasionally seen ; but then this form has been globular (only ; 7 -J§-( 7 ths 
of an inch in (Uametcr), and not ovoid, although the groups have possessed 
the latter form : perhaps this is the spore, and the sixteen groups the young 
Eudorincp, if not a different species. Again, the robust individuals of the 
sixteen-division one would think to be direct fi*om the spore, and to pass into 
the robust individuals of the second stage or thirty-two-division, — while tho 
puny, meagre individuals one would think to come from the third stage, and. 
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as before conjectured, end in disintegration and death. But all this, as I have 
just stated, can only be determined by following the development of the spore 
from the commencement. One fact 1 might add, however, viz. that the robust 
forms of good size have the power of withdrawing their cilia and protruding 
them again ; this happens when they are transferred, from the vessel in which 
they may bo contained, to the slide for examination : many may just at this 
time be seen to be motionless, with the channels for the cilia empty ; but 
gradually the cilia are protruded through them, and as gradually the Eudo- 
rina evinces increasing power of motion, until they are fuUy protnided, and 
it swims away. 

“ Chlanujdococms undergoes the same kind of changes in development as 
Ewlorina, from which it only differs in stmeture in being smaller, and glo- 
bular instead of ovoid, in the absence of an external envelope, and in the cilia 
of the daughter- colls being included udlhin the parent- cell ; hence it also 
differs in being motionless, though the compartments of the daughter- cells 
are sufficiently large for them to turn round and move their cilia freely 
therein, which they arc continually doing. The primary cell of Clilamydo^ 
coccus, like that of Ewiorina, divides up into 2, 4, 8, or 1 6 cells, and those of 
the eight- and sixteen-divisions again into groups of 16 or 32 each, so as to 
resemble the third stage of Eiulorina. Hence avc may perhaps infer that its 
fecundating process is similar to that of Eudorhm ; but this remains to be 
discovered. Chlamydoeoccus has also a great tendency to stop at the two- 
and four-division, from which it may pass into the ‘ still’ or Pro tocorcM.9-form, 
and, floating on the water in a kind of crust, present cells of all kinds of sizes 
undergoing ‘ still ’ division. In aU its multiplications, partial and entire, 
liowcvor, it generally maintains its primary or spherical form, and does not 
become ovoid or oblong, like the groups of Eudorina, the only exceptions 
being in the two- and four-division, where the green cells arc sometimes 
ovate (probably from Avant of room in the parent capsule), as represented by 
Ehrcnberg in (7, Pidvhculm , — to which I should refer it, had he not also 
given an ovate form to the type- cell of this species ; nor can I refer it to C, 
pluvialis, for in all the changes I have yet seen it undergo, the red colour has 
not increased beyond the minute eye-spot, Avhile this also disappears, and the 
cilia too, when this species passes into the ‘ still ’ form. Here it undergoes 
the same kind of division that it docs in the active state ; but the parent- 
cell, instead of becoming distended by imbibition, remains closely attached to 
the daughter-cells, so as to give the group a mulbcriy shape. How long it 
remains in the ‘ still ’ form I am ignorant ; but having only seen it in the 
active state during the months of May, June, and August, and throughout the 
rest of the year in the ‘ still ’ one, I am inclined to think that it only comes 
into the active state during the summer ’months, and then for the purpose of 
fecundation. 

** In several instances, also, where I have found this Chlamydoeoccus with 
Eudorhm, they have been accompanied by long Clostcriform cells. It Avas 
the case in that above mentioned, Avhcrc the latter AAns undergoing impreg- 
nation. Some of these have an eye-spot, which, Avith the natuie, arrange- 
ment, and gener&l aspect of their internal contents, show that they belong to 
the class of organisms with which they are associated. Their cell- wall also 
is more or less plastic, or was so Avhen they were assuming this spicular form ; 
for many have one or more diverticula extending from them, some are bifid, 
and a feAv iiTegularly stellate. AVhat they are I know not ; but Dr. Cohn 
has figured the same kind of cells, in company with Sphceroplea annulina, 
under impregnation.” 

StepJmnosphcpra . — To Dr. Ferdinand Cohn, to whom science is so deeply 
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indebted for his researches among the simplest organisms of creation^ additional 
thanks are due for the elaborate essay on a new genus of Volvocineasj in 
which ho has most philosophically displayed the structure and relations of 
that family at large. The new genus is named by him StepJianospJuera, the 
structural and physiological characters of which have been presented to the 
English reader by an excellent tmnslation of Cohn’s original paper, in tho 
A. N. H. 1852, X. p. 321 et seq. Besides this account of StephanospJicera 
by its discoverer, none other exists ; we must accordingly make extensive use 
of it in attempting an abridged description, — a difficult task on account of the 
importance of almost every paragraph it contains. 

The organisms to be described “ exhibit an extraordinary variety of size and 
shape,” writes Cohn ; “ but they are all essentially of similar stnicture, and 
consist of eight green spherical corpuscles having their central points sitvated at 
the circumference of a circle (XIX. 38), and of a large common envelope^ en- 
closing the former as a colourless vesicle, at the eqiuttor of which are ramjed 
the said eight green globules (XIX. 40-58). 

“ The common envelope is bounded by a membrane wholly devoid of struc- 
ture and trans])arcnt, so that it may be overlooked if the illumination be not 
properly modified, under which circumstances the 8 green globules appear 
destitute of any common bond of union. But tho membrane of the envelope 
always exists ; and although very delicate and thin while young (XIX. 57-58), 
it becomes thickened with age, and then possesses an evident breadth, albeit 
no compound stnicture can be detected. The membrane of the envelope isab^ 
solutehf rigid, and never changes its shape, excepting through tho ordinary 
expansion. of growth ; therefore it is not only totally devoid of contractility, 
but is even elastic only in a slight degree. 

“ In whatever direction the total organism may lie during its movements, 
the envelope ahvays appears as a perfect, absolutely regular circle (XIX. 38, 
39) ; thenerc it results most decidedly that the membrane of the envelope forms 
a sphere wliich may perhaps deviate but very little from the mathematical 
ideal. The diameter of the envelope varies between tolerably wide limits : 
while some younger forms possess an envelope ^V^h of a line (0’028 mm.) in 
diameter, most attain one of (0*044 mm.), and the largest ore as much 
as :jLth of a line (0*055 mm.) in diameter. 

“The pha?nomena in dissolution and during propagation prove that the 
membrane of the envelope immediately surrounds a colourless watery fluid, 
the refine tivo pON\'cr of wliicli does not differ from that of water. The enve- 
lope may therefore be regarded as a broad spherical cell with a delicate struc- 
tureless membrane, colourless and transparent like glass, containing a thin, 
water-like, colourless fluid ; consequently I shall denominate it the envelope- 
cell {inUl-zelle), 

While the envelope-cell varies, generally speaking, only in size, and no 
difference whatever of shape and structure can bo detected in tho different 
individuals, the variations in the development of the eight green globes in its 
interior are very great. In fact it is difficult to represent the multiplicity of 
forms which here display themselves, so as to give a full and clear idea 
of them; and our figures even can afford but a vei*}” insufficient picture, 
since scarcely a single individual exactly resembles another in this respect. 
The eight green bodies in the interior of each envelope-cell, which, for reasons 
to bo given hereafter, I shall call primordial cells, arc in their simplest 
condition globular, and stand at equal distances in a circle at the largest 
circumference pf the envelope-cell, so that the whole structure looks like a 
hollow glass globe with a ring formed of eight green globules in its interior 
(XIX. 38). If the circular line in which the centres of the eight primordial 
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cells stand, is regarded as tlie equatot- of the envelojoe-cell, we ordinarily 
lind their position such that the e(|uatorial zone lies parallel with the plane 
of the object-glass, and the observer consequently looks down upon the pole 
of the envelope-cell. In this, the view, the eight primordial cells 

stand in a perfect circle and are placed very close to the circumference of the 
envelope-cell. The distances between the primordial cells are more or less 
considerable according as tlicjy are proportionately larger or smaller ; some- 
times they constitute an elegant wreath composed of eight large green rosettes, 
almost without fin y intervals between them, or resemble an interrupted eight- 
angled star ; sonictim(\s the green globules are so far apart as to look like the 
eight spokes of a Avhccl. The diameter of a primordial cell in the polar view 
amounts in the former cose to j^o-th of a line (0-012 mm.), in the latter to 
^.L-th (O-OUOO), — on an average to jr^th of a line (0*0087 mm.). 

* ' “ Wlicn, however, the whole revolves, so that the axis passing through the 
two polos of the envelope- cell lies ])arallel with the stage of the microscope, 
find tlio equatorial zone marked by the eight green piimordial cells stands 
peiiJendicuhir to the latter, consequently in the optic axis of the microscope, 
the cnvclopc-cell still looks like a circle, because it is a s])herc ; but the eight 
primordial cells, lying in one plane, arc tlien projected in a line which corre- 
sponds to the diameter of this circle, so that the whole resembles, under the 
microscope, a colourless disk cut in half by a green zone (XIX. 4()-t58). And 
in this, the equatorial view, according to the ])osition, the fonr i)rimordial 
cells in the anterior hemisphere sometimes completely cover the four behind, 
so that only fonr arc seen altogether ; sometimes the latter fip])ear through 
the interspfices botu'cen the forinei*, and all eiglit fire seen in one line. This 
view also, of course, gives very different pictures according to the size of the 
l)rimordial cells and the distance between them. 

“ Jletween the polar and equfitorial views lie countless intermediate posi- 
tions in which the ring of j)riniordial cells, mo7*c oi* less contracted, appears 
as an ellipse, with its longest axis constantly in the diameter of the envelope- 
cell, while tlic shorti^r axis a])pears longer or shorter, and the separate pri- 
mordial cells are jipproaclied more or less toAvards each other, according to the 
laAvs of ])rojection. 

‘‘ llesides this difference of the aspect wliich one and the same individmil 
afllbrds merely in conseipiencc of the different /mil ions resulting from its 
movements, a still greater varijition is displayed in the shape of the yreen 
primordial cells themselcis. T have called them globes above ; j^roperly they 
arc always ficuminated to some extent, in the form of a pear, toward the 
periphery of the envelope-cell ; and they arc iinpcrct'ptibly attenuated to a 
point here, from which two cilia pass out (XIX. 38). These cilia therefore 
arise from the primordial cells inside the' envelope-cell, ixnd they emerge freely 
into the Avater through minute orifices in the latter: from the analogy Avith 
Chlamydococcvs, I conjecture that there is a separate passage for each cilium, 
so that the orifices corresponding in each case to the primordial cells arc 
placed in pairs, and all sixteen orifices occur in the equator of the envelope- 
cell. Hence in the polar view the eight pairs of cilia go out from the circum- 
ference of the eiTvclopc-cell like elongated rays. 

‘‘ The primordial cells moreover e.rpand principally in the direction of the 
avis perpendicular to the equatorial plane, so that in the equatorial vieAV they 
appear not spherical, but rather el]i 2 )tical, or catu sometimes stretched so 
considerably in this direction, that they become cylindrical or almost spindle- 
shaped, without undergoing any i-emarkable enlargement on the other axis. 
It in this case the primordial cells arc large and near together, they form 
in the cquaturial vicAv a broad gi-ecn zone inside the colourless envelope- 
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cell, up a more or less considerable portion of this (XIX. 89), while in 

the polar view they form only a circular wreath. In some instances the 
proper green body of the primordial cells is only shortly cylindrical ; but it 
becomes elongated at both ends into long beaks which reach almost to the 
poles, and give each primordial cell something of the shape of the Closterium 
setacewn figured by l^hrcnbcrg. In this case the 'whole resembles a sphero 
surrounded by eight green bands placed in meridians and swollen only in tho 
equatorial region. 15ut even in this very frequently occurring preponderating 
development of the one dimension, the cilia of each primordial coll are sent 
out from tho middle of its shorter axis ; and when tho primordial cells appear 
projected in a zone, in tlie equatorial \iew, the motile cilia are visible only at 
four points of the diamotei*. 

‘‘ The primordial cells arc very frequently developed unequally in tho two 
hemispheres of the cnvclope-ccll ; they arc not then divided into two equal 
halves by the equator of the enveloi)e-cell, but show themselves crowded 
principally into one homispherej, which they almost fill; and they reach almost 
to tlic pole there, while they occupy but a far smaller portion of the other, 
which consequently appears in greater part colourless. In such a case tho 
primordial cells almost touch with one end, while they diverge widely at the 
other, and thus tlit'y look like a kind of basket composed of eight pieces, like 
tho gaping dental aj)paratus of a Chilodon. 

“ llesides the two cilia which pass out from each primordial cell, through 
tho orifices of the cnvelo2)C-cell into the M^ater, the foimer very frequently 
send out other prolongations, which however do not perforate the envelope- 
cell. These are colourless mucihujinoits Jihunents, (joing out from each pri- 
mordial cell, espccialh/ from the ends of their longer axis, and which hence 
present themselves cspcciall}’ clearly in the equatorial view. The ends of the 
primordial cells are mostly not green but coloiudcss, and elongated into numer- 
ous, likewise colourless, broadcM* or thinner bristle-like processes, which run out 
like rays in all directions, are often ramified, and are attaclied to tho inside of 
the cnvclope-ccll, without however perforating it (XIX. 39). If these fila- 
ments are much devoloijcd, they fonu a jwoper network, which maintains each 
lii’imordial ccdl floating in the common envelope. The extremities of the pri- 
mordial cells are also frequently divided dichotomously into colourless muci- 
laginous l)aiids, which again branch into radiating filaments and thus j)roduco 
the most wonderful forms. These colourless filiform j^rolongations of the 
j)riinordial cells may also be seen in the jiolar view, stretcliing in all direc- 
tions, and giving the total structure a most strange aspect, almost similar to 
that of a Xant Indium . 

“In the internal organization of the primordial cells, all that can be mado 
out is a green-coloured softish substance, of which* they are composed, and in 
Avhich numerous delicate granules or points are imbedded. When the pri- 
mordial cells are actively vegetating, they are of a transparent vivid green ; 
but the colour exhibits various tints ; in the youngest conditions it is purer, 
more ^^ellowish green, less obscured by dark points ; in the largest forms, on 
the contrary, the contents ai^pear brownish green and opakc, with the dark 
granules multiplied to such an extent, that the whole almost loses its transpa- 
rency. In the middle of the primorthal cells arc found two larger, nucleus-like 
vesicles, mostly symmetrically placed ; and those examined separately appear 
annular, so that they possess an interned cavity ; iodine colours them remarkably 
dark, with a violet tinge (XIX. 39). The centre of each primordial cell is 
frequently occupied by a lighter circular space, which however docs not vanish 
periodically, and therefore cannot be regarded as a contractile vesicle (XIX. 38). 

“ The primordial cells are not surrounded by any special rigid membrane ; 
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and tliis is not only mado evident by the multifold changes of form which they 
undergo in the course of vegetation, and by the hliform prolongations and 
ramifications which are produced directly from their substance, but is clearly 
shown by the transformations which the primordial cells pass through in con- 
sequence of external influences. Under certain circumstances, namely, the 
filiform processes may be retracted, being tom away from the envelope-cell 
and taken up into the substance of the primordial cells ; the produced ends 
of the primordial cells also disappear, the latter becoming rounded off into 
their original spherical or short-cylindrical foim. Such a change Avould be 
impossible if the primordial colls were surrounded by a rigid membrane, such 
as that of the envelope-cell for example. Still more rapid and decided are the 
metamori)hoses Avhich the primor^til cells undergo in the interior of the 
envelope-cell, through influences destructive to the life of the organism. 
These phacnomena, usually called dissolution, do not change the rigid enve- 
lope-cell at all ; but they totally decompose the primordial cells, depriving 
them of their form and dissolving them into a single structureless green mass, 
which lies upon the inside of the envelope-cell, freciuently destroying all evi- 
dence of the origin from eight spheres, while not a trace of special enveloping 
membranes comes to light. These phacnomcna of dissolution moreover indicate 
that the envelope-cell, as I have already mentioned, is composed of a delicate 
membrane enclosing a clear watery fluid, which cannot be dense, gelatinous, or 
mucilaginous, since it is readily displaced by the radiating filaments and the 
dissolved substance, and which therefore is very similar to pure water, if not 
exactly the same. 

Motion, — llie cilm wliich arc protruded from the equator of the envelope- 
cell arc but short inside this ; but the portion projecting into the water is much 
longer and vibrates actively, thereby causing all the movements. Duiing 
their vibration the cilia arc difficult to detect ; but when dried on glass, and 
still better by wetting them with iodine, they may readily bo tiaced in their 
wdiole length, especially if sulphuric acid is added, this rendering them more 
distinct and giving them a darker colour. The motion of the entire organism, 
depending on the eight pairs of cilia, exactly resembles that well known in 
the Alga) and many Infusoria. First there is a rapid revolution round that 
axis of the envelope- cell which passes through its poles and stands pci'pen- 
dicular to the ring of primordial cells, ,so that the envelope -cell rotates like a 
wheel upon its axle. In the polar view (XIX. 38), our form gives exactly 
the impression of a revolving wheel, while in the cciuatorial view (XIX. 39), 
where the primordial cells arc mostly elongated, it has more the aspect of a 
globe turning upon its axis. Ilcsides this revolution on its axis, which endures 
throughout the whole life, there is an advancing movement, which produces 
a very irregular course ; in this way these organisms screw themselves, as it 
were, onwards in the water. Sometimes they swim straight out udth uniform 
rapidity, the pole going first, the rotating ring of primordial cells standing at 
right angles to the course and appearing only in one line ; sometimes they 
turn round, so that the equatorial jdane presents itself as a circle again (in 
the polar view) : they rotate thus round their centre without moving from 
the spot ; then thgy set one pole forward and swim on in another direction, 
bend to the right or to the left, or turn quite round, mostly 'without any per- 
ceptible obstruction, move in cmwes of the most varied kinds, run roimd any 
point in spiral lines, come into different planes, sometimes ascending, some- 
times descending ; in short, they exhibit aU those most complex and wonderful 
dhsenomena of locomotion uhichwe are acquainted with in the moving propaga- 
tive cells of the Algae,- -and, as I have demonstrated elsewhere, m exactly the 
same way in the Astomous and Anenteroiis Infusoria {Monadina, Astasicea, 
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Cryptomonaditia, &c.), and which certainly do not bear at all the character of 
puiposing, conscious volition, but appear as an acti\dty dctennined not indeed 
by purely external causes, but by internal causes in the organization and vital 
process. The collective idea of such motions is best represented by the course 
described by a top which nins tlu’ough the most varied curves while at the 
same time constantly revolving on its axis. 

iUthough Alex. Braun describes a constant revolution to the left in tho 
in many respects analogous swarming-e^lls of Chlumydococcus and the swanii- 
ing- spores of (Edoyonium , and to the right in the moving gonidia of Vaxicheria 
and the families of Pandonna, I must assert that no such constant Jaw of re- 
volution exists in the structure here described. 

As to its systematic position. — It is evident that the orgamsm we have 
desenhed belongs to the family of the Volvocinecc. Por not only do we find in 
it tho two principal characters which are cliaracteristic of this interesting 
family — the i)rescuce of a number of green globes which, enclosed in a 
common colourless envelope, represent a family of cells (i)olyi)idom), together 
witli the constant rolling motion which tlic Volvocineiv possess through 
almost the whole of their life, — but our fonn also displays, as we shall sec 
hereafter, the third charact(?r of the PoJvocinexv, th.at the separate globes propa- 
gate within tho envelope". In fact, there exist the greatest analogies between 
the known geiuaa of Volvocinnc, especially Gonimn and Pandorina, and tho 
organism here d(?scribed ; and these genera arc only essentially distinguished 
by the arrangement of the green globes or primordial cells, wliich in Pando- 
rina are phujod on a spherical surface, in Goniiim on a flat plane, while in 
our form they stand at tho circumferentfc of a circle. Since, however, this 
very law of arrangement is, in the family of the Volvocinece, the most im- 
portant criterion on which the establishnunt of the genera depends, it follows 
that we here have a peculiar genus which 1 do not find described either in 
Ehrenberg’s great work or in any later publication. 

“ If we now com])are the conditions of organization of Stephanospheera 
with those of Chhonydococcus, we find the most essential agreement. In the 
first place the envelope-cell of Stcphanospluera corresponds exactly to that of 
the moving rnaorogonidia of Chlamydococcus ; it is composed of a delicate 
colourless ineml)i*anc and contents resembling water. Chemical actions to 
which I subjected the envelope- cell of Stephanospherra, bear witness of this 
agreement in the most minute particulars. The envelope-cell is indifferent 
to acidft and alkalies and is not dissolved in them ; but it suffers a peculiar 
thickening by sulphuric acid, which causes it to apply itself more closely to 
the primordial cell, and present itself very distinctly and clearly defined. In 
general the application of dilute sulpthuric acid is^ often tho best means of 
making clear delicate vegetable meiftbrancs wliich would otherwise be readily 
overlooked, especially when iodine is added, which then ordinarily colours the 
membrane yellow. The cilia also arc rendered more distinct by sulphuric 
acid. The envelope-cells of Pandorina, Chlamydococcus, and Volvox behave 
in exactly the same way. 

** With regard to the chemical composition of the envclope-ceU of Stepha- 
nosphtcra, I have succeeded in demon.st rating the charactrristic reaction of 
vegetable celhdose, the blue colouring by iodine and sulphuric acid, in the enve- 
lope-cell of Stephanosphfrra. Eor this purpose it is recpiisitc to allow a drop 
of pretty concentrated sulphuric acid to act upon the swatTning Stephamspheera- 

globcs until the green primordial cells in the interior are decomposed, ^by 

which time tl^e proper transformation of the envelope-membrane has taken 
place, and a drop of solution of iodine (iodine in iodide of potassium), suffi- 
ciently diluted to prevent the sulphuric acid precipitating it in crj^stals, then 
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produces a coloration of the envelope, which appears at first violet, gradually 
becoming more intense, and at last beautiful indigo-blue,^ Thus the chemic^ 
behaviour of the envelope-cell in StephanospJKxra, as in Chlamydococcm, is 
the most evident proof tJiat the organisms to which they belong cannot be 
regarded as Infusoria, but are simply Algae. Moreover this behaviour of the 
envelope-cell of titephanospluvra show's that the latter is bounded by a true 
cellulose membrane, and not, as is assumed almost universally of the Volvo- 
cinece, and by Niigcli even of all Algae, of secreted mucus or jelly. The direct 
observation of the envclope-ccU of Stepliamsphcera likewise shows that this 
is completely closed in its normal condition, and only perforated by orifices 
in the spots where the cilia of each primordial cell pass out. Not until a 
later stage, when the primordial cells singly leave the envelope or have begun 
to propagate, does the membrane of the envelope? tear, gradually collapse, and 
become dissolved, so that the included globes can make their exit freely. 

It is obvious that the eight green globes of Stephanospheera correspond 
exactly to the primordial cell of Chlamydococcm, The primordial cells of 
iHtephanospJuera consist in like manner of nitrogenous protoplasm, in itself 
colourless, which is coloured browm by iodine and almost wholly dissolved by 
caustic potash and ammonia. The protoplasm is coloured by the universal 
colouring matter of vegetables, chlorophyll ; for alcohol and aether bleach the 
green globules, and concentrated sulphuric acid changes the green colour into 
a verdigris-green or blue, — a reaction which, from my observations, is cha- 
racteristic of chlorophyll. 

“ The chemical nature of the fine gmnules in the primordial cells, which 
with ago multiply so that the primordial cells at length lose their transparent 
green colour and appear dull, opake, and olive-brown, is difficult to deter- 
mine on account of their small size ; they arc cither protoplasm-granules, 
or, as a bluish colour given by iodine might leave one to conclude, perhaps 
starch-gramdes. On the other hand, the two darker nuclei in each pri- 
mordial cell are undoubtedly the same stmetures W'hich occur in Chlamy- 
dococcus and, in like manner, not only in all the Volvocinece, but also in most 
of the Algae of the orders of Pahnellece, Desmidece, Confervece, &c. Nageli 
has called these chlorojyhyll-utrlcles, and demonstrated their universal occur- 
rence in the vegetable kingdom by comparative descriptions {Oattung. einzell, 
Alg. ii.). Ordinarily there exist only two in Stephanospheera, which may 
be distinguished in the earliest stages, — ^while, among other Volvocinece, for 
instance, Ooniam contains only one chlorojjhyll-utricle. It is difficult to settle 
anything definite concerning their structure and function ; they must not be 
regarded as ceU-nuelci, although they resemble them veiy much, especially 
w’'hen only one is pi-cscnt. Caustic potash, w'hich destroys the rest of the 
contents of the primordial-(;ells, makes the chlorophyll utricles of Stepha- 
nospheera show themselves more distinctly as hollow rings, surrounded by a 
membrane wdiich is rather granular ; iodine colours them deep violet, which 
leads to the conclusion of the presence of starch. Ehrenbcrg thought the 
chlorophyll-utricles were to bo recognized as the testes of the Volvocinece ; it 
is certain, however, that these structures may bo seen in greater or less 
number, in exactly the same way, in undeniable plants, such as Hydrodic- 
tyon, (Edogonium, Mougeotia, and others. 

“ I have already shown that the primordial cells of Stephanospheera as well 
as those of Chlamydococcm are destitute of a special rigid membrane ; con- 
sequently they do not correspond to perfect ce^, but on the whole only to 
primordial utricles. In like manner the curious colourless mijcous filaments 
which extend out from the extremities of the primordial cells of Stepha- 
nospheera are evidently analogous to the rays w'hich make one condition of 
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the Chlamydocoiviis-ceUh look hairy (var. setiyer, V. Flotow). They are 
merely prolongations of the colourless protoplasm forming the substance of 
the primordial cells, and correspond pretty well moi’phologically to the reticu- 
lated branching filaments of protoplasm, the sap-currents as they are termed, 
which maintain the nucleus suspended freely in the interior of the cells of 
the articidations of Spirogyra or of the hairs of the anthers of 2'radescantia. 
Alcohol and acicLs cause these prolongations to be retracted into the substance 
of the primordial cells ; the same thing takes jdacc during the course of tho 
development. Elironberg has called these peculiar mucous rays, which also 
occur in some other Volvocineir^ in some cases a tail (^yniem, Uroglena), in 
others connecting canals or indications of a vascular system (in Volvox and 
Gomum). These protoplasni-iilaments naturally i)rescnt a different aspect 
according to the shape and arrangement of the primordial cells : while they 
appear as a wreath of cilia in the; globular Cltlatiiytfococcns-coll, in the more 
spindle-shaped SttphanospJm^ra they rather resemble bundles of rays passing 
out from each end ; in Voh^o.v, if seen only from above, tlu'y give the indi- 
vidual primordial cells a polygonal, radiating aspect, and form threads of 
communication between them : Eocke has wrongly considered them as inter- 
cellular passages between the individual animalcules. The connecting threads 
in Goninnif on the other hand, are something (piite different, and do not belong 
at all to the domain of the protoplasm-filaments, as 1 shall explain more fully 
at another o])])ort unity. 

“ Hius tho microscopic analysis, like the chomicjil investigation, of Stepha- 
nosphd'va, in exact analogy with Chlamydococcm and the swarm ing-ccl Is of 
the other Algo', has enabled us to distinguish all tho characters of a plant, 
but not one mark of a tnie animal organization, in particular not a trace of a 
month, stomach, and sexual organs. But the genus Stephanos^plimra is thereby 
yn'c-eminently imi)ortant for the decision of the (pieslion of the limit between 
the animal and v(\getable kingdom, hecanse the history of its development affords 
the most convincing proof of the vegetable nature of this genus, and thus of all 
the other Volvocineie. 

“ Development of Slephanosphm'a . — Both the very delicate cnvcdope-cell 
and the widely distant, transparent, green, globular, j)rimordial cells of the 
young Stephanos pJuera arc of a relatively small size. Both grow so much as 
to doiddc their dimensions during their vegetation: the former acquires a 
tough membrane; the latter fill uj) the greater part of the envelope- cell, 
advance towards each other so as to touch, develo])e thicker, denser contents, 
and assume most curious forms through the ramification of the protoplasm- 
filaments. Finally the process of propagation shows itself in the primordial 
cells. The radiating ends retract all their prolongsitions, and become rounded 
into a pei fect sphere ; the primordial cells arc now merely attached to tho 
envelope-cell by their cilia, and thus are readily moved from their normal 
corres])onding positions, and then appear devoid of any definite arrangement 
in the envelope-cell. 

“ These changes take place in the course of the aftomoon ; tow^ards evening 
more influential metamorphoses make their appearance. The primordial cell, 
namely, extends itself predominantly in ow-c direction in tlnf axis perpendicular 
to the equatorial plane, consequently in tlie position w’hich represents from 
above doAvnw’ards. The tw'o chlorophyll-utricles respectively repair to tho 
tw'o ends ; the giecm contents likewise flow' chiefly to the tw o sides, and leave 
a broad colourless zone fusible in the middle, such as w'o obseiTc somewhat in 
the same poiiition in Closterium. Finally the primordial cell becomes con- 
stricted, gi'adually from the periphery to the centre, in the middle line, and 
is thus divided into two secondary cells, the septum of which, in the position 
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above assumed, runs from riglit to left. Each of the halves cut off by the 
division then expands somewhat in the direction from left to right ; a new 
constriction soon presents itself in the direction from above downwards ; 
when this is complete, the originally globular primordial cell is divided into 
four quarters (XIX. 40). 

‘‘ This process of constriction and cutting off is repeated once more, each 
secondary coll becoming divided by a new septum into two equal halves 
(XIX. 41-50). 

“ This process of division, by which each primordial cell produces in tho 
first generation two, in the second four, and in the third eight secondary cells, 
is completed in the course of the night, so that early in the morning, in the 
long summer days even by o’clock, we perceive each of the eight primordial 
cells divided into eight in the manner described (XIX. 41, 42). The gene- 
mtions jn^oduced in each case by this triple subdivision vary in the duration 
of their lives and in their capacity of development ; the first two rapidly 
divide again, and therefore are, according to Xiigeli’s expression, mere 
‘ trnmitional generatiom ; ’ the third alone arrive at complete development 
and persist a long time as such ; these form the ^ perynanent generation,* 

“ The process of division does not always take place simidtaneously in all 
the eight primordial cells of Stej)hanosph<era ; we not unfrequently find inside 
the same envelope-cell some primordial cells still wholly unaltered, while 
others arc already preparing to divide into two, a third perhaps already into 
four, and a fourth has already resolved itself into its eight secondary cells. 
Very often most of tho primordial cells arc found already completely sepa- 
rated into eight, while one or other of them is still wholly unaltered. 

When the act of division has gone on favourably up to the point to which 
wo have followed it above, some hours elapse before the young families of cells 
escape completely from tho envelope. Tho process which precedes their birth 
consists principally in the more complete isolation, in a centrifugal direction 
around their common centre, of the sccondaiy cells produced by each pri- 
mordial cell. Since the parting off of the secondary cells advances gradually 
from the perii)hory towards the centre, they arc already completely indivi- 
dualized and separated by intercellular spaces at the periphery, while all eight 
remain still connected in the centre into a common colourless mucous mass 
filled with protoplasm-granules (XIX. 42). liut the flow of the contents from 
the centre to the borders, which continues up to this time, at length causes 
the constriction of the central mass of protoplasm also into eight i)arts ; the 
eight secondary cells then appear of a deep yellowish green externally, passing 
internally into (jolourloss green towards finely granular beaks which ai'c all 
connected in tho centre, but become gradually attenuated, tom away, and 
retracted. Then the young primordial cells become rounded into short 
cylinders and stand iji a circle, without organic connexion, but placed closely 
beside ono another : seen from above (in the polar view), under the micro- 
scope, they resemble a wlicol with eight notches ; from the side, examined in 
the equatorial view, wo see four or eight short cylinders lying side by side, — 
so that tho whole is not unlike a small Scenedesmus ohtusiis (XIX. 57-58). 

“The primordifil cell undergoing division behaves as a whole towards 
external things, until the parting off into eight is quite completed ; that is to 
sny, its two cilia move unintennptcdly, and consc(juently the entire Ste- 
phanosphcera-glohc still rolls through the Avater according to the known laws, 
even when most of its primordial cells have already become more or less com- 
pletely divided into four or eight secondary cells. Only shortly before the 
completion of the division do the cilia of the parenUcell lose their motion and 
disappear, it may be by being retracted or by being thrown off; but the 
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orifices through which the cilia previously passed out into the water may 
now ho observed in the common envelope-cell, as minute points suiToundcd 
by a thi(;kened border. 

“ Immediately after that, it is scon that the newly-formed secondary cells 
have developed their o\vn cilia; for the young generations formed in the 
interior of the parent- envelope now" begin to move and to roll over like a 
wheel, so far as the confined si)ace allows of this. In consequence of this 
movement of the eight small wlieels rotating in the interior of the common 
envelope-cell, w'hich constitutes a very pretty object, the parent-cell soon 
becomes enlarged and attenuated at certain points ; the cellulose of which it 
is composed appears to be transformed into soluble jelly, and soon afterwards 
one after the other breaks through out of the common envelope and revolves 
freely and indci)endently in the water, according to the same laws as the old 
spheres, but more actively and energetically. The young Step7ianosp?i(¥ra 
exactly resembles a green Avreafh comi)osed of eight small cylinders, upon 
which by itself no envelope and cilia can be detected (XIX. 42, 48, 40) ; but 
if killed with iodine, the eight primordial cells are seen to be surrounded by a 
common envelope-cell in the form of an exceedingly delicate membrane, — only 
this lies in all parts almost immediately upon the green globes, so that it 
follows the waved outline they produce, and in its total form resembles a flat 
spheroid with eight notches on its border ; it is perforated by the cilia, which 
go off in i){urs from each of the primordial cells ; and two chlorophyll-utricles 
are already distinguishable in the latter. Jly degrees the envelope-cell is 
lifted up by the cndosmotic absoqition of water ; its surface becomes smoothed 
out, and it ai)pcar8 circular in the polar view ; on the other hand, it retains 
for a longer time the form of an almost tahular spheroid, and hence presents an 
ellipse in the equatorial view (XIX. 58) ; finally it exjiands uniformly in all 
directions and thus acquires its normal spherical form, >vhile at the same 
time it liccomes considerably thickened. Ihis wdiolc process of propagation 
is completed during the night ; and on bright days titephanosphmrce are rarely 
seen in course of division at siinnse ; on dull days they may be observed in 
this condition in the first part of the mSrning. 

‘‘ The primordial cells, how’over, not unfi’cquently come to a standstill in 
the stage of division of the second generation, so that they only separate into 
four secondaiy cells ; tliese at once develope cilia and an envelope-cell, with- 
out dividing a third time, and make their exit from the parent- envelope in 
this condition. Here therefore only the first generation of each primordial 
cell is a transitional generation, the second already a permanent generation. 
Hence arises the circumstfince that wc often find, among other eightfold Ste- 
j)hanosphfpra-^oho^, some in wdiich the envelope-veil encloses only four pri- 
mordial cells standing at equal disfances, which in other respects behave in 
the ordinary manner. 

“It is still more frequently obsen^ed, when the primordial cells have 
already become constricted into four secondary cells and arc beginning to 
divide again into eight, that this process of division is not perfectly completed 
in all four portions, but that the young SUj)hnnospheera already becomes free 
and developes the envelope-cell, although one or other of the four quadratic 
segments of the sphere has become constricted hut tiot parted off. Hence origi- 
nate monstrous forms, since the general envelope-cell then encloses only 
seven primordial cells ; but in these eases it is always observed that one of 
them is distinguished by most curious prolongations or mucous filaments, that 
it appears twice as large as the rest, that it contains four chlorophyll-utricles 
instead of two as is usual, and that it is also more or less constricted in the 
middle. All this furnishes proof that here one secondary cell of the second 
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generation has not been divided the third time like the rest, but occupies by 
itself the space which is ordinaiily filled by two. Very often only six, or 
even no more than five primordial cells arc found in one envelope-cell; but 
then two or three of these are twice as largo as elsewhere. In like manner 
Alex. Braun figures a Pediastnim composed of fifteen instead of sixteen cells, 
wherein one, however, is twice as large as the rest. 

“ On the whole, it is o])vious that the mode of propagation of SteplianosphoBra 
already examined corresponds completely to that we are already acquainted 
with as formation of macrot/onidm in ChlamydoeoccMS. Tt both (*ascs it de- 
pends upon the envelope-cell remaining unaltered, while the primordial cells 
become divided, first into two secondary ctdls, and then so on in a lower 
power of two, each of the secondary cells immediately developing two cilia, and 
secreting over its whole surface, as do all primordial utricles of vegetable 
cells, a delicate cellulose membrane, which, however, becomes gradually rci- 
moved further from the secreting primordial cell through obsoi*ption of water. 
The only distinction between Chiamt/dococcus and Stephanoftphcpra arises from 
the formation of a special envelope-cell to each individual secondaiy cell in 
CMnmydococcns, while in StephanospJicera all the generations j)roduccd by 
division form one primordial cell, become enclosed by a common envoloj)e, 
and move away as families of cells. On the contrary, the develo])mental 
history of Gonium, Pandorina, and Volvox agrees in all essential particulars 
with the laws of propagation which 1 have just described in Stephanospluera^ 
as will be shown elsewhere. Wo may call the mode of mill tipi ication of the 
Volvocinece by the general name oi propat faiion hp macroponidia, 

** Another process is met with in Slephanosphera, besides the above, and 
which I have observed more rarel}j viz. propaffulion hp microponidia. In 
this mode of multiplication the introductory ])roeesses arc exactly like those 
of the formation of macrogonidia ; in ])articular eaeli primordial cell is at first 
divided into two, then into four, and lastly into eight siMtondaiy cells. But 
instead of this third generation being permanent and becoming free, as is 
usual, it not unfroquently happens that the process of division is not arrested 
with the separation into eight — thUt the oiiginal primordial cell becomes 
parted off a fourth, fifth, and even a sixth time, in the same manner, and at 
Umjth is hrolcen up into a large niimhcr of cells (IG, rl2, G4), which naturally 
are so much the smaller the greater number of times the subdivision into two 
has taken place (XIX. 43, 51). These little secondarp cells finallp become 
totallp separated from one another, without secreting an envelope -coll. These 
little cellules — 1 shall follow the example of Alex. Braun and call them 
microgonidia — exhibit a very active and energetic motion insid»3 the envelope- 
cell, huri'jdng very rapidly up and down in all directions in its cavity, pro- 
ducing by their great number that curious swarming which Alex. Braun has 
vciy' aptly compared with the intermingling of a crowd of people in a confined 
area, where every one is constantly changing his place, while the wdiole 
together constantly occupy the same space. Sometimes the cellules are 
scattered in a few large masses ; then they unite again into a knot in the 
middle; cveiy moment the general aspect varies. At length the common 
envelope is ruptured where the microgonidia emerge one after another or in 
large masses, but free and singly, into the water. Their true form may be 
then readily detected by killing them with iodine ; they are sphulle-shaped 
and acuminated at both ends, bright green in the middle, and nin out into a 
colouiicss beak at each end, on the whole not unlike young Vmjlencp., without 
a trace of an envelope-cell ; the extremity which goes first in thfjir swimming 
beai’S delicate cilia ; the number of the cilia is four (XIX. 52). When the 
microgonidia reach the w'ater they move most actively in all directions, and 
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in a short time all the corpuscles emitted from an envelope-cell are scattered 
and disappear in the wide surface of the drop of water. 

‘‘I have not been able to make out what becomes of the microgonidia 
subsequently, since they are ordinarily decomposed on the object-holder after 
a brief swarming ; but it may be conjectured that they also serve for propa- 
gation, and probably pass into a condition of rest. At least the latter has 
been observed in the microgonidia of Chlamydococcm pluvialis by Alex, llraun 
and myself ; the histoiy of the development of the latter Jigrees wholly with 
those of the Stej^hanospJuvra ; they originate also by the division of the pri- 
mordial cell in a higher power, are distinguished by their minute size and 
more active, peculiarly Infusorioid movement, and never devclope an envelope - 
cell during their movement. The microgonidia of both therefore arc true 
primordial cells ; that is, primordial utricles resembling cells, organized ex- 
clusively of coloured protoplasm, without any cellular membrane. The only 
distinction between them is, that the microgonidia of Chhtmydococcns, liko 
their macrogonidia, possess two cilia, while in those of Stephanoa^dicBra I 
observed four. That the microgonidia of Stephano^phipra correspond per- 
fectly in morphological respects to the macrogonidia, and only depend upon a 
higher ])owcr of division, is proved by a case in which seven out of the eight 
primordial cells in one envelope-cell were broken up into microgonidia, while 
one divided merely into el(jht secondaiy cells ; the latter were developed as 
macrogonidia, and formed a connected wreath surrounded by an envelope-cell, 
which rolled slowly about in the parent- envelope, surrounded by the swarm 
of free, rapidly moving microgonidia. 

Abstracting the ditferenccs which may bo shown always between two 
genera, we detect the same law o f development in Ilydrodicti/on as in StepJia- 
nosph(era, — viz. the biciliatcd less numerous macrogonidia arrange them- 
selves into a family of cells already within tlie parent-cell, according to the 
character of the given conditions of the two gonein, the c(dl-family being 
active in the Volvocineoi and immoveable in the l^rotococxacecn, while the 
more numerous more actively moving microgonidia with four cilia leave the 
parent-cell and enter upon a metamorphosis, the retrogradation from which 
to the normal type of the genus luis not been observc'd yet here, or indeed in 
the miei-ogonidia of any of the Algae. Such an undeniable agreement of the 
law of development of Stephanosphtvra with an undouhted plant like Hydros 
dictyon, which testifies to a near rclationsliii), would bo inconceivable if the 
former were to bo regarded as of essentially diffortml organization — as belong- 
ing to quite another kingdom of nature. Thus the developmental histoiy of 
Stephanosphara also furnishes the most convincing proof of the vegetable 
nature of this genus, and consequently of the Volvqcmecc generally. 

“ That the formation of macro- and microgonidia docs not exhaust the 
whole scries of forms which Stephanosphrera may pass through, is proved by 
the following observation, whicli unfortunately 1 have not yet been able to 
complete. Having cultivated some Stephanosphcera> for a long time in a little 
glass cup, in the way described in my essay on Loxodes hiirsaria (/. c.), all 
the primordial cells at length exhibited dark, tliick, greenisli brown contents, 
so densely filled with numerous granules that the two chlorophyll- vesicles 
could no longer be detected ; their form was more or less globular, and the 
mucous radiating processes were entirely absent ; their outlines were remark- 
ably sharply defined, as if they had become surrounded by a rigid membrane. 
At the same time I remarked that the primordial cells were no longer fixed 
immoveably the pciiphcr}" of the envelope cell, never changing their relative 
positions, but jerked backwards and forwards, finally tore themselves away 
from the envelope-cell, and then heyan to rotate slowly ami lazily in the interior. 
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Soon after, I saw the envelope-cell also burst at some spot and collapse ; and 
tho eight primordial cells gradually emerged, one after another, as inde- 
pendent globes : they were now seen to bo enclosed in a ^pretty closely aj)pUed 
envelope j through which penetrated two cilia ; and hence they presented tho 
utmost rescmldance to Chlamydomo'nas Pulvisculus. They moved about for 
some time in tho water and at lenytli came to rest^ losiny their cilia and accu- 
mulatiny liJce little yreen Protococcus-ylohules at the bottom of the glass. Wo 
therefore have here a motionless, perfectly plant-like stage of Stephanospheera , 
such as we are acquainted with in Ohlamydococctts and Chlamydomonas ; the 
remainder of the Folvocine<n undoubtedly pass into a similar condition of 
rest, which is the means of thcii* prcseiwation wlicn tho water of ditches is 
dried up in summer. The emergence of single globes from the common enve- 
lope, in a form resembling Chlamydomonas , may also be readily observed in 
Gonium, 

‘‘ I conjecture that the motionless Protococcoid cells of Stephamsphrera are 
the means of the prcsciwation of the speedes when the water, as is always 
the case in the shallow hollo w^s in stones, their natural station, is dried up 
for a long time and all tlie living inhabitants are precipitated on the stone. 
The observations of Major von Plotow have already demonstrated that tho 
dried-ux) muddy sediment alw’ays rex)roduces Stephanosphinree when 'water is 
again poured on to it. This capability of reviving from the dried condition 
is shared \yy Stephanospluera with Chlavtyflococciis plmnalis/iri wdiich likewise 
the motionless cells remain living after being diiod up for years, and are eai)a- 
hlo of giving birth to moving forms, while the sw^arming- cells themselves are 
destroyed for ever by rapid desiccation. Herr von Plotow has sent earth with 
dried Stephanospliferce to Dr. liabenhorst in Dresden, who, in like manner, 
.succeeded in reviving them by moistening. 

Since the moving Stejihanosphvrce arc destroyed, just like the sw'arming- 
cclls of Chlamydococciis, by rapid desiccation, 1 believe that the motionless 
Protococcoid globes, tho devcloj)mcnt of wdiich 1 have just described, are the 
forms which do not lose their vitality by drying, but are capable, when wetted 
again with water, of going through a cycle of development, by which tlicy 
return to the noimal moving form of Stephatiosphcera, Yet 1 must remark 
that I have not hitherto obtained .sufficient material to observe the resting 
Stephxinosphcera, and to trace the processes which occur in the revivification. 

lilcsxKicting their vital manifestations, repeated experiments showed that 
the movhuj spheres of Stephanosiihmra seeic the darlcer part of the vessel, avoid- 
ing however a total absence of light, and assembling in preference in a moderated 
light or ladf-shadow. Since other Algm and Infusoria exhibit a different 
behaviour tow^ards the light, we thus possess a means of sorting, to a cer- 
tain extent, the microscopic inhabitants of a specimen of water, as I did the 
shade-loving Stephanospheera? from Chlamydococcus, wdiich ordinarily seek tho 
brightest light.” 

An imi>ortant appendix to this histoiy of StejyJiamsphcera has quite recently 
appeared from the joint labours of Professor Cohn and Wichura {Nov, Act, 
Acad, Curios. Naturce, 1 857, Part I.), and has been translated into English 
by Mr. Currey {J-.M,S, 1858, p. 131). 

The resting- stage above spoken of is again refeired to concisely and clearly 
in this paragraph : — ‘‘ Under certain circumstances each of the eight cells 
secretes a cellular covering, and swims about in tho interior of the globe in 
the form of free Chlamydomonas-\j^Q cells (XIX. 44) ; eventually they escape, 
either by fissure of the globe, or by its gradual dissolution, lope their cilia, 
foiTu a thicker membrane, become motionless, and accumulate at the bottom 
of the ve.ssel. If the vessel be then permitted to become thoroughly drj'’, and 
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afterwards be again filled with water, motile Stephano^phcerce reappear, from 
which it scorns probable that the green globes are the resting-spores of the 
plant.” These, it may be added, are with difficulty, if at all, distinguishable 
from those of Chlamydococcus pluvialis : they vary veiy^ much in size, and 
apparently grow after entering on the state of rest. Their colour is deep 
green (occasionally yellowish or olive) ; and they have a nucleus, and fre- 
quently a nucleolus. We cannot do better than copy Mr. Currey’s abridged 
translation, in endeavouring to convey the results arrived at by Colin and 
Wichura : — 

“ When the water is permitted to evaporate gradually, the rcsting-cells 
become yellow, and aftci'wards orange or red, and their contents have a more 
oily appearance. The authors found that if the water was not permitted to 
evaporate, the resting-spores, although continuing to live, did not become 
developed into Stephnnosphtvroi ; but when fresh water was poured upon de- 
siccated resting-sporcs, twenty-four horn’s sufficed for the production of motile 
Stephamsphtvriv, 

The following is the process of transformation from the state of rest into 
the motile form. 

“ The dried rosting-spores take up the water, and their contents (hitherto 
somewhat misshapen) gradually fill up the cavity of the containing mem- 
brane, and become cloudy and granular; the border becomes 3 '^cllowish, and 
the red colouring matter is concentrated in the centre. The cells then begin 
'to divide; and ilie successive forma assumed in this proc.ess will be belter 
(Indcrstood by reference to XIX. 44-47, than by description. In pass- 
ing from the state shown in fig. 45 to that shown in fig. 46, the outer mem- 
brane has gradually become invisible. Up to fig. 47 the process has ocempied 
about t^vo hours. The four daughter- cells (fig. 47) begin to quiver, and to 
endeavour to separate from one another. Two cilia arc now’’ perceptible at 
the poi^ied extremity of each of the four cells, by the action of wliich the 
group begins to move as a whole, and in a laboured manner, in the water ; 
ultimately, how^ever, all trace of the enveloping membrane and of the gluti- 
nous connecting substance disapj)ears, and one by one the daughter-cells 
escape and become free. Figs. 48 and 49 exhibit different forms of these 
free daughter-cells, wiiich contain tw^o, three, or several granules (amylon ?) 
and sometimes also vacuoles. The sharp end is often prolonged into a colour- 
less beak. At this period there is no proper cellulose membrane. At the 
moment of escaping, their diameter never exceeds O’OlO mm. ; but they soon 
enlarge and attain a diameter of 0-013 to 0-015 mm. 

I'heir form and the length of the beak are variable, the latter being some- 
times altogether w-anting. In form and motion they resemble exactly the naked 
primordial- cells, which arc producctl by division from the resting- cells of 
Chlamydococcus pluvialis. The authors have never seen the resting-cells of 
StephaiMsphcercB divide into more than four parts, but think it not improbable 
that division into a greater number (eight or possibly sixteen) sometimes 
occurs. 

“ The length of time which elapsed between the immersion of the dried 
resting- spores and the first appearance of the motile cells varied from nine to 
twenty-four hours. It was noticed that those resting-sporcs which did not 
produce zoospores within six days never did so afterwards, although they 
continued to live and were perfectly healthy. 

Zoospores, produced in the month of November, did not advance beyond 
the first stage (fig. 49). Others, however, produced in March, remained only 
a few hours in that condition, after which time a delicate membrane was 
formed round the body of the primordial cell (XIX. 50 ); this membrane was 
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at first closely attached ta the primordial-cell, but became ^adually enlarged 
by absorption of water into a colourless enveloping vesicle (figs. 50, 54), 
usually globular but sometimes oval, having two openings, through which the 
cilia penetrate. In this condition they attain a diameter of 0*017-0*02ii'", 
and arc not distinguishable from encysted forms of Ghlamydococcus 
vialis. Other zoos])ores, produced on the 1st of April, 1857, attained a larger 
size ; and the lirotoplasm of the primordial ceU, instead of retaining its con- 
tinuous outline, became elongated here and there into simple or forked muci- 
laginous raj's, -which wore either colouidess or green from the presence of 
chlorophyll (tig. 5il). These rays arc probably produced by the protoplasm 
adhering at c(u4ain points to the surrounding membrane, and being carried 
outwards by its growth. 

The Ohtamydococcus-likQ form only lasted a few hours ; towards the even- 
ing the zoospores mostly began to divide. In the first place, the protoplasmic 
rays are drawn in, and the primordial cell becomes round ; it then elongates 
itself in the direction of an axis passing through the point of origin of the 
cilia, and by the process of division assumes the forms shown in figs. 54 and 
55. This state is usually attained by about nine o’clock in the evening ; and 
about eleven o’clock a constriction commences in a plane at right angles to 
the former plane of division ; and cventmilly the primordial cell is divided into 
(piachants, each containing a nucleus and a portion of the rod substance. The 
two (lilia, which have retained their activity, originate in the inte»s])acc be- 
tween two quadnirits. About midnight usually, but sometimes earlier, con- 
striction recommences, and the form in fig. 50 is attained. This constriction 
proceeds towards the middle point of the sjdicroid, by which the quadrants are 
bisi'cted, and \iltimaUdy di\ddcd into eight wedge-shaped portions, whose con- 
tour-linos, like the spokes of a wheel, meet in the middle. 

** And now commences a further process of development, which fomris the 
ground of the generic distinction betw<^en Stephanosjdicera and Vhlamydo- 
coccus, Per, whilst in Chlamydococ^^tLs the individual portions of a primor- 
dial cell se 2 )arate entirely from one another, each developing its own cnvclojang 
membrane, and ultimately escajung as a unicellular individual, in Stephano^ 
spha^a, on the other hand, the eight portions remain united as a family. Tlio 
coloured contents of the individual portions become drawn back toAvards the 
periphorj" in a centrifugal direction, a colourless jdasma remaining about the 
central point ; this disappears at first in the centre ; a cavity is fonned in the 
middle of the disk ; and as this enlarges, the eight i)ortions assume the form of 
a wreath, consisting of eight globular or ellipsoidal bodies in close contact 
(fig. 57), and usually not exactly in one plane, owing to the outer membrane 
not having exi)andod in proportion to the enlargement of the plasma. The 
original cilia continue active, causing the motion of the Avholc organism, until 
the ciglit portions are conqdetely individualized ; and then their motion ceases : 
but at this pei iod each of the eight parts may he seen to be provided with two 
cilia, which are in motion so for as their limited space allows. 

The separate parts of the plasma now form eight independent but closcly- 
packed membrancless primordial cells. Shortly afterwards it is seen that a 
delicate membroiie, common to thorn all, has been secreted beneath the nio- 
ther-ceU membrane, round the disk formed by the primordial cells ; this 
membrane at first lies in close contact -with the latter cells, following the 
constrictions of the disk, but afterwards becomes further and further re- 
moved as it swells and tends to assume a globular form (fig. 58). By the 
motion of the cilia the mother-ceU membrane, is graduiilly thrown off, and the 
young family escapes into the water. Its eight green primordial cells still 
enclose the last traces of the rod substance, Avliich gradually disapjicars, and 
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instead of which are seen two granules; the primordial cells are in im- 
mediate contact at the sides, and are of an oval or globular shape ; their 
common enveloping membrane is at first constricted at the border following 
the outline of the primordial cells ; it eventually becomes globular, although 
continuing for a long time much flattened at the poles, in the form of a disk- 
shaped spheroid. Wlien the Chlamydoc^>c(^-)SkQ unicellular Ste^hanospJurrn 
has commenced its division early in the evening, the division into eiglit is 
perfected during the night, and early in the morning the young family quits 
its cast-off mothcr-ccU membrane. 

“ In the course of the day the individual primordial cells, and their common 
(mveloping membrane, grow until the latter attains a diameter of 0'040- 
() 048'". During this growth the shape of the primordial cells is changed 
by the formation of various prolongations in the manner above described : 
but in the course of the afternoon the primordial cells again become round ; 
and during the evening, division eomniences in them precisely similar to the 
process in the imiceUular Stephanospkeem : on the foUow^mg morning wo 
find eight yoimg famihes, ^vith the common enveloping membrane, which 
soon escape and go througli the same process. It is calculated that in eight 
(lays, under favourable circumstances, 16,777,216 families may be formed 
from one resling-cell of Stephanosplim'a. It is remarkable that the division 
of the primordial cells in Stephanosplurra is coniuied to a certain time of day ; 
it begins towards evening, and is completed the following morning. In the 
observations made in liaj)land, at a time wlien the*daylight there lasted during 
the whole night, the b(‘ginning and end of the division were obsei-vcd to take 
place at almost tln^ same hours as in the observations made at Breslau in the 
isj^ring, when the day and night W'ero almost of equal length. Sometimes 
the division ceases after the formation of only four iirimordial cells. On one 
occfisioii the authors observed a fiimily with only three cells, one only of 
the two halves fli-st formed having undergone a second division. In Lap- 
land a family with sixteen cells -was oncie observed. 

*•= The authors them proceed to discuss the nature of the resting- cells in 
Slephamaphcem and Chlamydococcus, and come to the conclusion that they 
are not aporea ; /. a, that they arc not of the same nature as the n^d cells of 
Qi!do(/onium, Bidhochmte, Drapariuddm, Chcctophora, Splicerojdea, Volvo,v, &c. 

“ They come to this conclusion upon two grounds : 1st, that the resting- 
cells in question continue to grow after becoming quiescent ; and secondly, 
that it is probable (although not yet proved) that the resting-cells increaso 
by self-division, thus producing new generations of resting- cells. These two 
cliaractei*i sties the authors consider inconsistent with the idea of a spore. 

“ In conclusion, the authors notice the formation of jnicrogonidia in Steplia- 
nofipheera, which takes place by the division of the ])rimordial (.‘oUs into num- 
berless small portions. Fig. 5 shows a Stepkanospliceray in which seven of the 
(‘ight t)rimordial cells have formed raicrogonidia ; the individual microgonidia 
(fig. 52 a, />, c) become free by the disintegration of these eight groups into 
their constituent portions. The authors think it not improbable that thc^ 
microgonidia exercise an impregnative influence in spore-formation, but admit 
that there is no e\ddence to prove it.” • 

Mr. Currey (J. M. S. 1858, p. 209) reopens the question concerning the 
nature of the red rcsting-ceUs of Stephanospdicvra, and argues against the 
conclusion drawn by Cohn and Wichura. He says those observers have 
noticed “ that these cells in StepJianosphasra pluvialis, which are at first of a 
green colour, ^nd furnished with cilia, increase in growth after the green 
colour and the cilia have disappeared, i, e. after they have assumed a state of 
rest, a fact which they consider to militate against their character as spores. 
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“ ‘ We have seen,’ they say, * that these rcsting-cclls, after they have been 
formed by the metamorphosis of a motile primordial cell, increase in growth 
considerably, that they go through a further vegetative development, and 
have, therefore, not reached the termination of their vital process.’ And 
they then add — ‘ It is contrar}" to the idea of a spore, that it should continue 
to grow after having assumed the character of a resting-cell ; and the fact has 
never yet been obseived in any single case.’ It would seem that these 
remarks are intended to be limited to the Alga) ; but it is worthy of observa- 
tion, that the spores of the ascigerous Fungi frequently increase in growth 
after escaping from the asei j and if this circumstance is not to be looked upon 
as affecting their character as spores, it is difficult to see why a different rule 
should be applied to the Algae. 

“ Cohn and Wichura moreover consider that the increase by self- division 
is irreconcilcahle with the idea of a spore. In speaking of the red cells of Ghl<i~ 
mydococcus pluvialis, they express a doubt whether in those cells increase by 
self-division takes place, but assert that, if such should prove to be the case, 
it would be conclusive against their being spores, considciing self-division (if 
I undei-stand them right) to bo a process of vegetative development distinct 
from germination. Ihcse observations arc worthy of the careful attention of 
microscopists ; and without venturing an opinion as to their correctness, 1 
would only remark, that if tho resting-cells of Chlamydococcus and Steidia- 
nosphenra are not to be considered spores, that character must also be denied 
to the resting-cells of (Edo'gonrumy Bulhochoite, Drcvparnaldiay Bplmvoplea, 
and Volvo^v, if, as is more than probable, there should be detected in these 
latter cells, 1 st, an increase in growth after becoming quiescent ; or, 2dly, 
increase by self- division.” 

VoLvox (XX. 32-49). — This genus has always been an especial favour- 
ite with microscopical students. Its colonies of numerous monadiform green 
bodies distributed over the surface of miniature globes, endowed with active 
motion, revolving hither and thither, form one of the most jdeasing objects 
that the microscope can display. Moreover, the more minutely the globes of 
the VoJvox are examined, the more interest do they awaken, by reason of the 
regularity and beauty of their intimate structure, and of the results of their 
vital processes. 

The consequence of this has been a host of observers and writers on the 
anatomy and physiology of Volvoce, and a formidable aiTay of conflicting 
views on those topics, the consequence of careless and insufficient research, 
of indifferent instruments, and of the influence of fanciful hypotheses. We 
shall, however, attempt no analysis of the many accounts of Volvoiv in 
existence, but restrict ourselves to an abstract of the more recent important 
observations and conclusions of Professors Williamson and Busk, particularly 
of the former and earlier observer on that organism, premising it by a brief 
notice of Ehrenberg’s views. 

Formerly the whole globular mass was regarded as a single w^arty and 
ciliated animalcule ; and tho act of bursting, whereby the smaller globes de- 
veloped within it which had reached maturity were liberated, was considered 
to be the birth bf young animals. This theory Ehrenberg clearly proved to 
be eiToneous, and showed that, to ilsc his language, tho supposed spherical 
animalcule was in reality a colony of monad-like beings distributed over the 
inner surface of a common lorica, and connected together by Aliform cords or 
tubes ; in other words, he proved each sphere or globe to be, if we may so 
term it, a hollow cluster of many hundredis or even thousand^ of living occu- 
pants, and to frequently contain within it other smaller hollow spheres, 
similar in nature to itself, and in fact developed from it by a process of self- 
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division. The result of these considerations led Ehrenborg to perceive tlio 
true homology between the spheres of ITolvox and the four-sided tablets of 
Gonium, 

Each member of the colony, he added, has an individuality of its own, and 
to all appearance resembles an ordinary simple monad, ^ enclosed within a 
lorica (a hicerhia), having a red eye-speck, a double filiform proboscis or 
filament protruding from the surface of the common sphciical lonca and 
giving the hairy or ciliated appearance to it, and at the base of these hlaments 
a mouth, indicated by a bright, clear spot. Internally Ehrcnberg believed 
he discemed clear digestive cells, a contractile seminal vesicle, one or two 
round sexual glands, and numerous green ova. The following^ history of 
Volvox conveys the present state of information and opinion on this interest- 
ing organism. 

The globes of Volvox are bounded externally by a hyiilino sti’uctureless 
membrane or pellicle, which corresponds to the “ envelope-cell” as understood 
by Cohn (XX. 34, 45). Distributed on the inner wall or surface of this mem- 
brane, is (in Cohn’s words J, M. S. 1857, p. 140) “ an infinitude of very 
minute hexagonal cells, attached to each other in the same way as are the 
elements of an epidermic tissue” (XX. 38). The protoplasmic matter or 
the cndochrome of each cell constitutes the presumed monad of Ehrcnberg, 
which is Hask-shaped, and protindes its tailoring extremity or neck outwards, 
bearing at its apex two ciliar^'^ filaments which penetrate the common envelope 
and vibrate freely in the surrounding water. 

The green substance composing each monadiform individual or “ primordial 
cell,” is the usual vegetable protoplasm, and contains chlorophyll- vesicles, a 
clear globule or nucleus, one or rarely two contractile vesicles, and usually a 
brownish- red speck, regarded by Ehrcnberg as a visual organ (XX. 35) ; the 
filaments are, as usual, productions from the protoplasm. iSirther, each green 
globule is enveloped in one or more partially organized special membranes, 
which arc in more or less close apposition with it according to the ago and 
the conditions of life under which the Volvoxvsi placed (XX. 35,37), and give 
it the essential characters of a ceU with a coU-wall. In the early stage of 
development the several protoplasmic masses in a colony are closely aggre- 
gated ; but as age advances, a clear interval surrounds and separates them, 
traversed by several prolongations of the protoplasmic matter connecting 
together adjoining cells (XX. 37). These processes extend outwards like so 
many rays from each primordial cell, and as a nile encounter those from sur- 
rounding cells at a determinate distance, where they meet with an external, 
delicate, transparent membrane — the wall of the cell of which the central 
green globule represents the nucleus. This thin membrane forms the l)ound- 
ary of each clear space surrounding the contained green globule ; and from 
the mutual pressure of the assemblage of cells composing the VolvoXy it 
acquires, as seen from above, a hexagonal figure (XX. 38, 39-41, 45). 

We have observed already that, as age advances, the space or areola around 
each primordial cell increases ; that is, the external ceU-wall becomes further 
detached from the contained protoplasmic mass, and hence the processes con- 
necting the two — at first, and even for some considerable time during active 
nutrition, thick, clumsy, and irregular (XX. 42, 43) — become gradually 
stretched, until they are eventually converted into attenuated threads or 
almost imperceptible lines. In fact, by over-distension of the cells from 
any cause, whether, as commonly happens, from advancing age, or from the 
breaking up pfi the globe, these cords get ruptured, and then, by retracting 
themselves from the outer delicate cell- wall, coalesce with the protoplasmic 
central mass. On comparing this structure with that of Goninm as recorded 
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by Cohn, a closo homology is perceptible. In this plant the membrane sur- 
rounding the hexagomd primordial cells gives off from each angle a tubular 
process, which comes into intimate apposition at its extremity with that from 
an adjoining cell. However, between these processes of Gonium and those of 
Volvox, there is this difference, tluit in the former it is only the primordial 
membrane whicli is drawn out to form a canal or tubule, whilst in the latter 
the protoplasm itself is at first extended with its membrane, and subsequently 
coIlax)ses into a dedicate band. 

The circular contractile vesicle noticed by Ehrenberg has had its existence 
confirmed by Mr. Ihisk in mature cells M. S, 1852, p. 35) : — It may be 
situated in any part of the zoospore (XX. 35), not unfrequcntly in the base, 
or even in the midst of one or other of the bands of protoplasm connecting it 
with its neighbours ; it is pretty uniform in size, and about 1 -9000th of an 
inch in diameter.” Its most curious property is its rhythmical contractility, 
its pulsations occurring very regularly at intervals of about 38" to 41". Tlio 
contraction is rapid, whilst tho dilatation is gradual.” The vesicle “ would 
seem to exist, or at aU events to present a contractile property only for a 
limited period, and to disax)pcar soon after the formation of the brown spot,” 
{, e. the eye-speck. The coloured eye-speck or stigma lies close against 
the primordial-cell wall, it is not invariably x^resent, and consequently cannot 
be esteemed of essential imx)ortance as a characteristic. 

The wall of a has an appreciable thickness, represented by a vertical 

section — ^in fact l)y tho depth of the cells, which are placed side by side, the 
linos of junction being straight and perpendicular to tho external surface of 
tho globe (X X. 30). The inner sides of the colls, bounding the intcnial cavity 
of the globe, aj*o somewhat convex, the result of mutual lateral pressure, and 
tho absence of centrifugal pressure. Prof. Williamson has well displayed 
this by sectional diagrams taken from his preparations. Those sectional views 
also demonstrate the position of the rounded masses of green protoxdasm — 
tho })rimordial sacs — to be immediately on the inside of the peripheral mem- 
brane or envelope-cell of the Volvox (XX. 37, 38), 

Development of Volvox . — Self-division of the primordial cells, or zoospores 
(Husk), of Volvox is regulated by the same laws that prevail in other Volvo- 
cinece and in other unicellular Algae in general. Among the yoimger speci- 
mens of Volvox, one or more larger globules are observable (XX. 42-44), which, 
if watched, will be found to undergo segmentation, first into two (XX. 42), 
then into four portions (XX. 43), and so on (XX. 46), always kecxnng to the 
power of two and its multiples, until some hundreds of minute corpuscles are 
developed (XX. 47), which, according to the nature of the genus, so dispose 
themselves in a lamina .as to enclose a hollow spherical space, and to assume 
the characteristic globular form. Thus a new Volvox is generated, but differ- 
ing from mature forms in the contiguity of its component individuals, — a differ- 
ence, however, which progressively vanishes with advancing age. The young 
globe lies immediately ^vithin the parent being, to which for a time it adliercs, 
as it would seem, by means of a delicate cax)sular membrane, within which 
its development has x)rocoeded. This indeed forms its sole bond of union with 
the common envelope of tho X)arent Volvox (XX. 33). 

When first formed, the cilia of the primordial cells do not penetrate through 
the external envelope of tho young globe : however, this condition is of short 
duration ; for no sooner is the detachment from the wall of the parent about to 
supervene, than tho cilia protrude exteinally, and, commencing their vibratile 
movements, soon set the newly-dcvelox)cd colony in motion within the cavity 
of its xmrent. Tho detachment is conseejuent on the rupture of tho investing 
cax)sule, caused, no doubt, by the constantly enlarging bulk of tho young 
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organisms. Constantly several young colonics arc developed from the parent 
at the same time, or nearly so, by the self-fissioii of various piimordinl ccUs ; 
hence, as a rule, a brood of j'oung globes is to be seen revolving within the 
parent sphere (XX. 33), from which ere long it is released by its rupture. 

The condition of the individual cells of a young Volvox luis already been 
mentioned, — viz. their close apposition at first, their gradual separation by an 
interval, the api)carancc of radiating i)rocosses from the protoplasm, and their 
])rogressivc attenuation. To this account wc may add that conti^ious inter- 
current processes, in their earlier stages, appear to coalesce, — a circumstance? 
which indicates that the protoplasm is then unenclosed by a pellicle or cnveloi)e. 
Again, the protoplasm gradually contracts itself into its llask-shaijc, the retrac- 
tion and coalescence of its processes being a simultaneous phenomenon ; indeed 
contraction of the protoplasmic globules advances continuously until, as in old 
s])ccimens, only a small rounded mass appears in the centre of a largo clear 
space. Lastly, the coloured stigma is an after-production ; and its advent 
would seem to indicate the maturity of the cell. 

Analogy with other Volvochmv. would lead us to look for a (]uioscent or 
“ still ” stage of the cells of Volvoxy and the formation of microgonidia, in 
addition to the process described, viz. multiplication by self-division with 
the production of macrogonidin. That a “ still ” form actually occurs is 
l)rctty clearly shown by Mr. Husk’s obseiwations of Volvox aureus^ from 
Avhich this presumed species ai)pcar8 to be notliing more than Volvox (jlo- 
hator^ haring a varying number of its cells encysted to form the winter or 

resting ” spores. The primordial cells 'which are to undergo this change 
arc at first indistinguishable from the ordinary ones, except in having 
deeper green colour {Bushy op, cit, p. 38). Afterwards, however, they ac- 
quire a thick wall, change to a yellow colour (hence the appellation aurcuSy 
golden or ycUow), without material alteration of size, and produce a second 
equally firm and distinct envelope ; or rather, it may be, the original colls 
contract somewhat, and then form a second coat around themselves. Even- 
tually a considerable 8i)acc exists between these two coats, occupied by a 
clear and apparently a<]ucous fluid ; but upon the addition of a solution of 
iodine, a granular cloudiness is produced in it. The contents of the inner 
cell consist chiefly of amylaceous grains, mixed with a greenish material in 
the one case, and with a bright ycUow, apparently oily fluid in the other. 
The amylaceous particles are of an irregular bo try oi dal form, and far from 
uniform in size. 

Mr. Currey, in a recent interesting communication on fresh-water Alga) 
{J. M, S. 1858, p. 208), states that he has seen one of the large, orange- 
coloured spores of the so-called V. aureus, which is only the resting form of 
V, f/lohator, where the contents divided into five globular colourless cells, 
which floated in a mass of reddish plasma, being apparently the remains of 
so much of the original contents of the cell as had not been absorbed in the 
formation of the secondary cells.” 

Of the Volvox stellatmy Mr. Busk adds that it seems to liim merely a modi- 
ficiation of V. aureus, and appears to follow the same course of change, and 
doubtless of future development. With those conclusions'Prof. Williamson 
coincides, and remarks {op, cit, p. 56) that “ the ordinary power of gemma- 
tion in V, stellatus appears to have worn itself out, since, though the gemmae 
often exist with the spores (?), they arc small, colourless, and abortive.” 

It must also be mentioned that Perty suggests an analogous interpretation 
of the nature of Volvox aureus, and doubts likewise the specific importance 
of V, stellatus. 

Since the above remarks were penned, Cohn’s researches on Volvox glohator 
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have determined the reality of another mode of reproduction besides fission, 
as Buiinised {Ann, Sc. Nat. and Comptes Mendus, 1856). The abstract of 
this most interesting paper is translated in the «/. S, 1857, p. 149 : — “ The 
second mode of reproduction of Volvox requires a sexual conjunction, and is 
not observed indifferently in all individuals. The spherules endowed mth 
the sexual function are distinguished by their volume and the more consi- 
derable number of their component utricles ; they are generally monoecious ; 
that is to say, they enclose at the same time male and female cells, although 
the majority of their contents are neuter. The female cells soon exceed their 
neighbours in size, assume a deeper green colour, and become elongated like 
a matrass towards the centre of the Yolvox. The endochrome of these cells 
does not undergo fission. In other cells, on the contrary, which acquire the 
size and form of the female cells, the green plasma may be seen to divide 
symmetrically into an infinity of very minute particles, or Linear corpuscles, 
associated into discoid bundles. These are furnished with vibratile cilia, and 
oscillate at first slowly in their prism ; but the movement soon becomes more 
active, and the bundles speedily break up into their constituent elements. 
The free corpuscles are very agile, and it is impossible to regard them as any- 
thing but true spermatozoids ; they arc linear and thickened at the posterior 
extremity ; two long cilia are placed behind their middle, and the rostrum, 
which is curved like the necik of a swan, possesses sufficient contractility to 
execute the most varied movements. These si)ermatozoids, so soon as they 
arc they are able to disperse themselves in the cavity of the Yolvox^ quickly 
crowd around the female cells, into which they eventually penetrate ; arrived 
there, they attacjh themselves by the beak to the plastic globule, destined in 
each ciffl to form a spore ^ and with which they arc gradually incorporated. 
Fecundation having been thus effected, the reproductive globule becomes enve- 
loped successively by an integument exhibiting conical pointed eminences, and 
by an interior smooth membrane ; the chlorophyll which it contained is now 
replaced by starch grains, and a red or orange-coloured oil. This is the con- 
dition of the spore at maturity ; and occasionally forty of these bodies may be 
counted in a single globe of Yolvox. The germination of these reproductive 
bodies has not yet been observed, so that their histoiy cannot be regarded as 
complete ; but from analogy it may in the meanwhile be assumed that they 
germinate in tlie same way as do the spores of (Edogonmm, Sphmropleay and 
other Algae belonging to the same order. It may be maintained, moreover, 
as certain that the Spheerosira volvox, Ehr., is nothing else than a monoecious 
Yolvox globator ; that his Yolvox stellatus is also Y. glohator, observed at the 
time when it is filled with stellate spores ; and lastly, that his Y. aureus 
differs from the other forms of the same species, simply in the smooth [and 
coloured] condition of the spores.” 

FAMILY IV.— YIBRIONIA. 

(Plato XVIII. 57 to 69.) 

This family follows, in Ehrenberg’s system, the Yolvocinece ; yet, by reason 
of the extreme sitnplicity of structure of the beings composing it, it should, in 
any attempted natural system, be placed even below the Monadirui. 

The distinguished author of the Infusionsthierchen attributed an ani mal 
nature to the Yihrionia, and although obliged to confess his inability to detect 
any internal organization, nevertheless argued, from analogy, that a polygas- 
tric structure was to be, presumed, and that their movements were voluntary, 
and of themselves sufficient proof of animality. In Bacterium triloculare, 
indeed, Ehrenberg believed he saw an internal granular ova-mass, a vibratile 
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filament, and spontaneous fission. Of the Vibrionia generally, he stated that 
they were unable to change the form of their body, although without lorica, 
and that by imperfect self-division they formed chains or concatenated fila- 
ments, Avhich ill Spirillumy from the obliquity of the junction-surfaces of tho 
component Vibrios, assume n spiral form. 

Various later writers, among whom arc Leuckhart, Cohn, and Burnett, 
would transfer the Vibrionia to the vegetable kingdom. Tho last-named 
author contiibuted a valuable paper to the American Association in 1850 ; 
but the most recent examination of the nature and structure of the beings in 
question is from the able pen of Dr. Cohn (Entw.), Wo must also mention 
that Perty has given considerable attention to the Vibrionia, and contributed 
some original obsei-vations. It is to Cohn’s account, however, that we shall 
chiefly resort in our attempt to describe tho minute and curious members of 
this family, which, if not rich in genera, is unsurpassed by any in the abun- 
dance and diffusion of its members. 

Some naturalists have considered the Vihrionia to be tho active agents in 
producing putrefaction, since they are invariably found in decomposing fluids, 
just as the yeast-plant {Torula) alw^ays occurs in fermenting saccharine mat- 
ters and appears to excite the process of fermentation. 

The Vibrionia are for the most part colourless ; under certain conditions, 
however, they assume a yellow, red, or a blue tint, but never a green colour. 
Their movoinents, says Perty, are rapid and energetic, so much so that the 
corpuscles of Hysyiniim nivale, although at least one thousand times larger, 
are thrust aside by Bacterium Termo when in motion. They can advance 
with eitlicr end forward with equal facility, and mostly seem, after proceed- 
ing a certain distance, to retrace their course to the point they started from. 

The extreme minuteness of some Vihrionia may be conceived from the 
statement of Perty, that, according to his calculation, four thousand millions 
occupy no more space than one cubic line. 

Dujardin, who retains tho Vihrionia among animalcules, makes the follow- 
ing remarks; — “The Vibrionia are the first Infusoria which present them- 
selves in all infusions, and which from their extreme smallness, and tho im- 
perfection of our means of observation, must bo considered tho most simple ; 

. for it is only their more or less active movements which lead to their 

being regarded as animals at all. I have been sometimes induced to believe 
that there is a flagelliform filament, analogous to that of monads, or rather 
perhaps a spiral undulating one, which produces the peculiar mode of loco- 
motion. Is the Bacterium triloculare, described by Ehrenborg as having a 
proboscis, a true Vibrio ? 

All that can be with certainty predicated respetting their organization is 
tiiat they are contractile, and propa^te by spontaneous fission, often imper- 
fect in character, and hence give rise to chains of greater or less length.” 

Cohn modestly premises {Entw, p. 118) that his researches have been di- 
rected chiefly to one species ; yet, from scattered observations, and from pre- 
sumptive evidence, he would assign a vegetable nature to all the species. 

In decomposing infusions, often after a few hours, extremely minute 
corpuscles may bo seen in countless number, having the figure of a dot or 
comma, or of very delicate lines with the ends somewhat thickened. Their 
motion is tolerably active, darting hither and thither, contorting themselves 
at the same time by a rotating movement upon their long axis, and, when in 
masses, produce the appearance of a ceaseless swarming, in which the indi- 
vidual specks. are easily overlooked on account of their smallness. They, 
however, diifer in size among themselves, varying from 1-2000 to 1-700'" in 
length. Ehrenberg attributed to this world-wide form the name of Vibrio 
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lineolay whilst Dujardin more correctly separated it from the Vibrios under 
the name of Bacterium Termo, Under this latter appellation Perty has also 
described it. 

Now when wo come to examine an infusion rich in these organisms, nu- 
merous jelly-like colourless masses of different size and figure (XVIII. 69) 
may bo met with on the walls of the vessel, and on the surface of the fluid. 
These when young resemble small balls, from 1-100'" and less in diameter ; 
but as they continue constantly to enlarge, they acquire a clustered outline, 
and exhibit themselves as colourless masses and films of very considerable 
superficial dimensions and thickness, resembling soft Palmelloe in consistence. 
Like these they arc composed of a transparent mucus, in which numberless 
punctate or linear corpuscles are imbedded. These last are identical with 
the isolated particles known as Bacterium Termo, That these corpuscles are 
hold together by the common mucus, is evident to the eye ; even the largest 
films are also composed of globular clusters agglomerated together, the out- 
line of the gelatinous mass appearing sharply defined in the water. More- 
over, the linear corpuscles appear more thickly congregated at the periphery 
than in the centre of the spherical collections ; but this is an optical delusion. 
Again, when colouring matter is added to the water, the Bacterium-vaviGym is 
not tinged by it ; and when any passing Infusorium impinges against it, its 
surface is pressed in ; and lastly, the absence of an independent and inherent 
molecular motion among the particles show them to bo enclosed within a re- 
sistant medium. Frequently, whilst under observation, single corpuscles may 
bo seen to detach themselves and swim away in the characteristic manner. 

The definite outline and figure of the mucilaginous globules, and of their 
clusters, refute the notion that such arc merely collections of dead Bacterium- 
corpuscles. The indication is rather that the Palmelia-YikG masses represent 
the young condition of Bacterium ; indeed, the same cycle of development 
proceeds as in Palmellay Tetraspora, and allied forms .... The only difference 
betwixt the /iac^mam-heaps and Palmella- or 2'«<ms^om-masses is, that in 
the first the individujil corpuscles arc so minute that the characters of simple 
cells cannot confidently be assigned them, and that, instead of being yellow 
or light green, they are quite colourless. Nevertheless, in Kiitzing^s Palmella 
Brehissonii and P. hyalina, the cells are only 1-3000 to 1-1000"' in length, 
whilst their figure and distribution are indistinguishable from Bacterium, The 
absence of colour is a feature of the Fungi connected with their occurrence 
in decomposing infusions ; yet Palmella hyalina has only a pale ochreous hue, 
and Cohn seems to satisfactorily establish that the mere presence or absence 
of colour cannot constitute that decisive character which the separation of 
the microscopic Fungi from the Algie implies. 

From the above it aj)])ear8 evident that the corpuscles known as Bactetium 
Termo are the swarm-cells (zoospores) of a plant allied to Palmella and Te- 
trasporay but referable, by reason of the want of colour, to the microscopical 
aquatic Fungi. When these Vibrios pass into a state of rest, they accumu- 
late on the surface of the water in the form of films, &c., as do the resting- 
spores of Tetras^ora, Stiyeoclinium, Conferva y and other Algce, but, unlike 
these, ore connected together by an intercellular substance, within which 
their growth proceeds, and leads frequently, ns Forty has illustrated, to their 
disposal in linear branching series. 

From the analogy with Tetraspora and the other swarm-cells of Algae and 
Fungi, it must be assumed that the Par^eriwm-corpuscles move by means of 
a vibratilc fibre ; indeed Ehrenberg intimates having seen «a filament in 
Bacterium trilocularey and Dujardin considered some such mechanism pro- 
bable. 



OF THE PHTTOZOA. 


187 


The growth of the mucous balls is the consequence of the constantly re- 
peated transverse lission of the Bacteriuni-hodios, and is exceedingly rapid. 
Von Flotow seems to have detected the compound musses, and named one 
such Microha lua teres ; but Colin finds it necessary to create a new genus, 
which ho has named Zooghm. 

Of the remaining Vibrios, Cohn has not as yet complete researches ; yet he 
finds suificient sujjport from analogy to warrant him in assuming a like history 
for them as for Zooyhm, The larger forms of Vibrio have (he says) a striking 
affinity with the Oscillarice, whilst the longer, slowly- moving species have a 
vciy great likeness to the shorter fibres of Hygroerocis, from which, some have 
stated. Vibrios derived their origin. The affinity of Vibrio with the colour- 
less Oscillariai — with the genus Beggiatoa, in which also very delicate forms 
occur — may be especially pointed out ; but this affinity is yet more striking 
with Spirillum and Spirocluxta, the other two genera of Vibrionia. Further, 
in Oscillariom wo meet with straight species, c. g. Oscilhiria, and spirally 
convoluted forms, e. g. Spmilinaj just as we have straight forms in Vibrio, 
and spirally-twisted ones in Spirillum and Spirocliceia. Likewise, on com- 
paring the movements of SpiroclmUt with those of Spirulhui, we find no dis- 
tinction between them except in energy and liveliness. 

The results of his examination of Vibnonia are thus summarily stated by 
Colm (p. IJiO) : — 

“1. The Vibrionia apparently all belong to the vegetable kingdom ; for they 
exhibit an intimate affinity with undoubted Algm. 

‘‘ 2. By reason of their want of colour, and their occurrence in decomposing 
infusions, the Vibrionia belong to the group of aquatic fungi {Mycophycece^,’^ 
Cohn, however, shows good reason for not admitting this as a natural group 
distinct from Alga). 

3. Bacterium Termo is the motile swarming-phasc of a genus, Zoogloea, 
allied with Palmella and Tetraspora. 

‘‘ 4. Spiroclia ia plicatilis belongs to the genus Spirulina, of which it must 
bo at once admitted as a species {Spirulina plimiilis^, 

“ 5. The long Vibrios which do not coil ( Vibrio Bacillus) aiTange them- 
selves with the more delicate forms of Beggiatoa {Oscillaria), 

‘‘ 0. The shorter Vibrios and Spiirill<e resemble indeed, in form and charac- 
ter of motion, the Oscillariw and Spirulince ; nevertheless I cannot positively 
decide on their true nature.” 

To this abstract of Cohn’s paper on Vibrionia wo must add a notice of 
Dr. Burnett’s essay, which is equally in favour of their plant-Hkc nature. 
The chief observations and opinions of Dr. Burnett arc — that a branching of 
the chains, similar to that of the ordinary form*i of Alga), is observable in 
Vibrionia, particularly in Spirillunl; that, on watching their gradual growth, 
the smaller seem no other than the younger forms of larger species (for in- 
stance, that Vibrio is the first condition under which Bacterium and Spi- 
rillum appear) ; that besides self-division, propagation is effected by budding, 
a fact fui ther exemplified by the occurrence of ramifications ; and that in 
young forms a nucleus is absent, although one becomes apparent in advanced 
stages. Again, as to the movements of Vibrnonia, Dr. Burnett can see no 
further indication of movement in them than in spermatozoa and in vegetable 
cells, like which they arc unaffected by electrical shocks, which arc fatal to 
the lower forms of animal life. 

‘‘ Th(‘ir cell-structure and their vital (not voluntary) motion would then 
lead us to infer that the Vibrionia are ^Vlgous plants, and not animals. This 
throws light on several common phenomena. One in particular is, that the 
Vibrionia should almost invariably bo found in infusions and liquids that 
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contain other AlgsB, and especially tho common Torula ; for I do not re- 
member to have seen the Torula without Vibrionia.^* 

Perty moreover testifies to Vibrio Bacillus assuming a still condition, and, 
by its branching concatenation, a plant-like form, out of which are constructed 
masses and films in the infusion and upon its surface, resembling Hygro^ 
crods and other Alg® and aquatic Fungi. 

Dr. Ayres {J, M, S. i. p. 301) contributes tho following observations on 
the self-division of the Vibrionia : — “ While,” he writes, “ the shortest of the 
Vibriones were in active motion, the longer ones were comparatively quies- 
cent ; and these exhibited, according to their length, from one to six trans- 
verse lines, indicating the points of separation in the reproductive 2 )rocess. 
Those of moderate length, presenting only one or two transverse lines, were 
rather active, and often bent at an angle at the transverse lines, which pre- 
sented the appearance of separation into two distinct individuals ; and the 
character of the movements appeared such as to favour the separation. Those 
with from three to six transverse lines were, for the most part, quiescent. 
I imagined, although from their excessive minuteness and transparency this 
was not plainly and unequivocally discernible, that there were indentations 
of the extremities of the transverse lines, by which constrictions were pro- 
duced, which, by their increase, would finally effect a complete transverse 
division of tho animals.” 

The occurrence of Vibrios, or at least of Fi6Ho-likc forms, as one of the 
metamorphic phases of the Phytozoa of the antheridia of Characecc, o.g. 
Marchantia, has been mentioned in a foregoing page (126), to which we 
must refer our readers. 

FAMILY V.— ASTASLEA OE EUGLENiEA. 

(Plate XVIII. 36—50, 52, 53, 55, 56.) 

Dujardin very properly prefers to call this group EuglencBa (Eugleniens), on 
account of tho resemblance in sound of the first name with that of AstoAiioca 
{Astaciem) used to designate a family of the higher Crustacea. 

In Ehrenberg’s system it constituted a family of the Polygastrica,‘and was 
characterized by wanting a true alimentary canal, a lorica and appendages, 
and by having a mouth suimounted by one or two proboscides, and in most 
species by a changeable form. Internally, digestive sacs, ova, a seminal gland, 
and contractile vesicle, and in most genera one or more red specks or eyes, 
were represented as present. Tho genera included were — Astasia, Ambly^ 
ophis, Euglena, CUlorogonium, Colacium, and Distigma. The value of these 
genera has been called in question by various writers. Dujardin makes tho 
variability of form — ^in other words, a contractile integument — ^a leading fea- 
ture, and rejects tho eye-speck as neither distinctive nor constant ; conse- 
quently he excludes from the family the Euglence with rigid integument, 
and transplants them to the Thecamonadina, and rearranges tho remaining 
species according to the number, disposition, and character of their locomo- 
tive filaments, likewise Schneider {A, N, H, 1854, xiv. p. 327) separates 
Chhrogonium from the Astasicea because of its unchangeable figure ; and 
Mr. Carter {A, N. H. 1856, xviii. p. 116) would also detach Astasia from 
ghna, from the conviction that the former has an animal organization, and 
that the latter is referable to plants. 

In tho following general history of the Astasicea, our description will 
chiefly apply to the two genera Astasia and EiJiglena, respecting which we 
have very copious details in the papers by Mr. Carter, (A, N. 1856, xviii.). 
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Of the remaining genera, some comparative observations will bo made in pass- 
ing, and particular researches respecting them added from Perty and other 
inquirers. 

Eughiice and Astaslce are mostly spindle-shaped (fusiform), and give off 
from their anterior extremity one or two delicate filaments, and posteriorly 
a usually short blunt tail. Excluding the doubtful Eugleneofy which, on 
account of their rigid integument, we think, with Dujardin, should bo 
transferred to another family, the remaining species of the two genera 
in question are, from their inherent contractility, capable of varying their 
form to a remarkable extent ; «.d., to use a technical word, they are meta- 
bolic,^^ This property is, nevertheless, much more restricted than in the 
Amoehce ; for the AstadcrAi can send off no offshoots or variable processes 
like those animalcules, but in all their manifold contortions, elongations, 
and contractions do not completely lose their primitive figure. In general, 
the recurrence of the changes of figure is quite arbitrary and without regu- 
larity. In Eutreptia virklis and Astasia margaritifera, however, Perty 
represents an alternate or peristaltic expansion and contraction of the or- 
ganism, so tliat fii'st the anterior and then the posterior extremity expands. 
Tic adds, besides, that in this Astasia the contained clear globules are not 
transferred backwards and forw^ards, but only a Iluid matter which runs in 
channels between them. 

The AstasUra are covered by a distinct flexible and clastic envelope, 
which Mr. Carter enlla the ** pellicle,” and states that it resembles the cover- 
ing of Amcehccy is structureless, and hardens after secretion. Stein also 
affirms tliat in Euglena it is similar to the enclosing membrane of Gregarinay 
and, like it, a shut sac without mouth or other aperture. On the contrary, 
the translator of Kblliker’s paper on Acii’mphrys (»/. M, S, i. p. 100, note) 
denies tlio existence of a distinct envelope to this genus. Jioncath the 
pellicle, adds Mr. Carter, is a transparent moving substance, with an inhe- 
rent property of contractility and polymorphism, which proves itself inde- 
pendent of the superposed pellicle when, in tho process of encysting, the two 
become separated: tliis substance is the diaphanej* 

Enclosed within these laminae are the contents, consisting of a proto- 
plasmic matter with suspended particles and certain definite structures, viz. 
a nucleus and contractile vesicle (XVIII. 46 a, c). The protoplasm is the 
same matter Dujardin names the sarcode,” and is occupied with a varying 
quantity of corpuscles, differing among themselves in size, and imparting tho 
colour peculiar to the species, 

“ In Eaglenay* writes Mr. Carter {op, cit, p. 119), the sarcodc is separated 
from the diaphanc by a layer of pointed sigmoid fibres, arranged parallel to 
each other, so as to form in Crumenula texta (Duj.) a conical cell, wliich, so 
soon as the ovules have become developed, and the diaphane and other con- 
tents of the sarcodc have died off, becomes transparent, although it still 
retains its conical form until the resiliency of the fibres, now unrestrained 
by the diaphane and other soft parts, causes dehiscence, and sets tho ovniles 
at liberty.” 

These fibres are therefore tho cause of the spiral markings of several 
EuglenoBy as well as of Phaciis and Chonemonas ; they are strongly marked 
in EiigUna spirogyra, ‘‘ In another specimen of Euglena,^ says Perty (p. 57), 

of fully a sixth of a line in length, and of a grass-green colour, some thirty 
delicate longitudinal lines were perceptible, which, when the body turned on 
itself, looked as if spirally disposed. Moreover, on examining Ltpocinclis- 
globules when parti^y dried, the spiral lines appear composed of rows of 
closely arranged dots ” — a phenomenon probably explicable on the supposi- 
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tion that the fibres, as a consoquenco of evaporation, have been broken up 
into particles by the act of diffluenco. 

Mr. Carter distinguishes certain minute colourless granules difiused- in 
the general protoplasm of the interior, which he specially designates “ mole- 
cules.” These, says this obscn^cr, are the first to appear in the homogeneous 
sarcode, but afterwards become intermixed with larger corpuscles — ‘‘ gra- 
nules” — and with “ ovules ; ” and by the time the ovules have become fully 
formed, the sarcode and its molecules have dried off or disappeared. “ More- 
over, in Astasia, digestive globules also appear ; but here the food is taken 
in through a distinct mouth, while in Euglena the absence of such vesicles 
would appear to indicate that its support is of a different kind, if not intro- 
duced in a different way.” 

Ehrcnberg noted the existence of a contractile vesicle at the anterior ex- 
tremity of Emjlma ; the like is also seen in Astasia ; but in neither instance 
have its pulsations been directly observed. A nucleus is also present of a 
discoid shape, and surrounded, according to Mr. Carter, by a transparent 
capsule, which appears like a narrow pellucid ring around it, owing to its 
greater size. In Chloroffonimn and Amblyophis, Ehrcnberg encountered 
what he called a seminal gland, a nucleus, and, in the latter genus, men- 
tions the presence of two wand-like bodies in front and three behind it. 
Thirteen such peculiar structures were also seen by Perty in a largo specimen 
of Eu/jlemt spirogyra, Avhich ho concluded liad oiiginated from a peculiar 
disposition of the internal substance. The same ambiguous structures are 
doubtless referred to in the following paragraph by Mr. Carter, although, 
indeed, structural pecuharities are detailed which would render Perty’s ex- 
planation inadmissible unless qualified in some measure {A. N. H, 1856, 
xviii. p. 241): — ‘‘With reference to the single, glairy, capsuled body which 
exists in the centre of Phaeus and in the large lip of Crumenula tc.vta, also 
dually in Eayle^ia yenieulata, Duj. {Spiroyyra, Ehr.), on each side the nu- 
cleus, I can state nothing further than that in the two first it consists of 
a discoid transparent capsule, which at an early stage appears to be filled 
with a refractive, oily-looking matter ; that it is fixed in a particulcir posi- 
tion, and remains there apparently unaltered, with the exception of becoming 
nucleated, until every part of the animalcule has perished, and nothing is 
left but the spiral-fibre coat, and perhaps a few ovules. In Emjlma yeniculata 
it is bacilliform, and contains a correspondingly-shaped nuchius; and al- 
though I can state nothing respecting its uses, I cannot fail to see that it 
has an interesting analogy, particularly in the latter insta;nco, Avith two 
similar organs which are commonly seen in the Navicula, and which in 
N, fiilva, e.g., are situated in a vaiiable position between the nucleus and 
the extremities on either side.” 

The numerous globules diffused throughout the body, which, in addition to 
the foregoing, make up the contents of the Asta^um, and according to 
Ehrcnberg are to bo considered ova, have, after being denied that nature 
by Dujardin and others, been again brought to notice under the name of 
ovules or germ-cells by Perty and Carter. They are, in the words of the 
latter observer (pk- 223), nucleated cells, which, at an early stage, “ consist of 
a transparent capsule lined Avith a faint yclloAA’’ film of semi-transparent 
matter, which subsequently becoming more opaque and yellowish, also be- 
comes more marginated and distinct, and assumes a nucleolar form.” .... 
“ In the discoid cells of Astasia I have seldom been able to distinguish the 
capsule from the internal contents, on account of their smallness and the 
incessant motion of the animalcule. In Euglena, however, they are very 
eAddent ; and it is worthy of remark, that each partakes of the form of the 
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tEu^flena to which it belongs. Thus, in E, acm it is long and cylindrical ; in 

viruliSf oblong and compressed ; and in Giruinc^ulci textd and IViacus^ cir- 

^lar and compressed. -.r n 

i There is yet another set of structures pointed out by Mr. Carter, deve- 
loped from the nucleus, to which ho assies the nature of spermatozoids, 
br male reproductive particles. In Astasja,'^^ he writes (p. 227), “ iiTCgular 
iH>tryoidal masses, dividing up into spherical cells, colourless and translu- 
cent, or of a faint opa(]ue yellow tint, present themselves so frci|ucntly (and 
generally invei*soly developed with the ovules, as in the lihizoj^oda), that I 
cannot help thinking that they are also developments from the nucleus ; but, 
from not liaving seen them present that evident granular aspect which 
characterizes this d*evelopment in the llhizo 2 wda, 1 have not been able to 
determine satisfactorily’ whether they arc parts of the latter, or that kind of 
division of the sarcode into green spheiical cells which sometimes takes place 
in Enifhmt, 

“ In Enfjlina, also, I have deseiibed a development of the nucleus partly 
under the' idea that it might be a parasitic Jihizopodous development ; but 
now it appears to me a simple enlargement, granulation, and st'gmental de- 
velopment of lliis ]>ody into polymoii)hic, rei>tant, mneons cells lilliul udth 

spei'nijitozoid grannies, as in lihizoiioda 1 have never been able to see 

lh(! luulens and its capsule in their original form when tho spermatozoid 
mass has been j)resent, though 1 have f)ecasionally in Amceha^ and almost 
always in Eiufhfiiha, seen the. empty globular capsule in connexion with tho 
latter.” 

'rii(? eontcjits of Ast<(si(i a, cvm of the same individual, arc subject to great 
variatimis in colour, distribution, and otlun* characters, induced by ago, tho 
action of tlie reproductive processes, and the inllucncc of external conditions. 
Thus, Perty tells us (p. 57) Phacus pleuronectes is at times filled with a 
lioniog(‘ne(ms green mass, at others has a large, round, central spot (vacuolo 
or nu( h‘iis?), at others a largo, clear space in tho middle, having a central 
dark nucleus ; and at others, again, the contained cndochrome forms three or 
tour segnuMits, each tjxhilnting many dark green nuclei. In Ewjlemi viridis 
and E. Ants the contents become resolved into a formless mass, or into a 
heai> of nearly Cijual-sized germ-cells, and frc(jucntly the colour is changed 
fj*om green to red, or tlie whole organism is rendered hyaline by the escape 
uf the colouring matter. 

Tlie fM)loured speck in Euglerui, Amblyophis, and other Astasueay reckoned 
as an eye by Ehrenberg, has in fact no pretensions to that character. We 
have pointed out that similar specks occur in Volvox and other generally 
recognized plants, in all probability precisely similar to and structurally the 
same as those of Attfastcea. Sometimes in Ewjlnm the red is diffused over 
the entire body, as Cohn represents to occur in Sphasroidea annuUna (A,N.lf. 
1850, xviii. p. 83), in small globules, which have the physical and chemical 
relations of oil. In other instances, and occasionally in very young forms, 
the red stigma is altogether absent. In Plmcus ideurone^ctesy Pc^rty states, 
one speck is placed close behind another with an intermediate band uniting 
them. Often in Etighnce, instead of one stigma, two or nu)re red granules 
occur, whilst in Emjleaa deses tlie pigment-mass is quite irn^gular. In Cru~ 
memda the red spot is comparatively very large, and rests in the form of a 
small obtuse cone upon the contractile vesicle. 

“ The eye-speck of Ewjlemi vindis,^ says Perty (p. 117), “ is round or oval, 
and exhibit 8 an elliptic or spherical vesicle, within which the colouring matter 
is contained, silrrounded by fi more or less complete brownish-black ring : at a 
subsequent jieriod the colouring matter is diffused in a most irregular manner 
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beyond the ring.” In Amhlyophis viridis the red pigment may either entirely 
or only partially fill the dark areola. Perty veiy sensibly remarks, ‘‘ All 
these red stigmata are deficient of all the requisites of an eye — they have no 
refracting medium ; and the presence of an eye is inconceivable among beings 
which have neither nervous centres nor communicating nerves. They are 
probably nothing more than drops of red-oil, like those which are produced 
among the chlorophyll in unicellular Algsc ” (p. 118). Another fact, bearing 
on the character of a red pigment-spcck in Ewjlenm^ is the change of colour 
these beings at times undergo from green to red, just as Chlaniydococcus and 
various unicellular Alg® do when they enter on the resting ” stage. 

lieprodiiction of Astasum. — In Ehrenberg’s opinion, the members of this 
family are reproduced both by self-division and by ova : he speaks of having 
witnessed the former process in the genus Eiiglena, but only as a rare 
occurrence. In other genera he failed to discover it. When fission takes 
place it docs so in the usual manner, longitudinally, and produces two equal 
and similar organisms ; rarely, the new beings are of unequal size. More- 
over, in the encysted condition, which was mistaken by Ehrcnberg for the 
death of tlie Eivylena, or confounded \vith other structures, fission is a con- 
stant phenomenon. 

When the motile Euylena becomes “still,” or enters into a state of rest, it 
contracts itseK into a ball, and, while retaining its red stigma, loses its fila- 
ment. A gelatinous layer is thrown out around it, which gradually hardens 
into a rigid colourless cyst : this at first lies close upon the mass of the Euylena, 
but ultimately is removed from it all round by an interval ; and when quite 
mature, it frequently acquires a brownish colour and opacity. In the encysted 
condition, Euylemi closely resembles the “ still ” cells of ProtococAyus ; hence 
tho term Protoeoccoid,^^ to express this condition. When Euylenoe have 
undergone this transformation, they cohere together by a mucilaginous ex- 
cretion, so as to form expansions or films resembling in appearance those 
produced by many Pahnelkce, 

This close resemblance subsisting between encysted Etiglenas and the rest- 
ing-spores of numerous Algae, e, g. of (Edogonium, explains many of the 
wonderful transformations recounted, such as the germinating of encysted 
Euglena-ce\]si into branching filiform Algae. Again, tho filmy masses pro- 
duced by Euglence have been described as independent genera and species of 
Algae, — as, for instance, those formed by E, viridis, as Microcystis olivacea, 
and those by E. sanguinea, as Microcystis Noltii, 

That tho contained green Ei^lena is not dead within its case, is proved by 
its sometimes being seen to revolve within it, and also by the circumstance 
that, in the early period of encysting, on rupturing the cyst, the contained 
being escapes and resumes the appearance and movements of its free brethren. 
It would seem, indeed, that Euglemt are in the habit of temporarily encysting 
themselves as a means of protection against injurious external causes, such as 
evaporation, and that, when a normal condition is restored, they throw oif 
their protecting envelope and rcassume their active contractile character and 
movements. ITie empty cases are often to be met with floating on the sur- 
face of water, united with others and with encysted Euglence in a common 
membranous mass. Tho vitality of the enclosed being is further displayed 
by the process of fission, which advances in the power of two until very small 
segments are produced, which soon develope severally a red speck and fila- 
ment, and, on the dissolution or rupture of the common cell-wall of the parent, 
escape as small free-moving corpuscles rather resembling Monads than Eu~ 
gUiMje by their minuteness. 

The encysting act may transpire in very small as well as in large Euglence y 
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and the subsequent fission may be arrested at any point, so that cither a few 
sections which, in the phraseology of botanists, may be called maerogouidia, 
or otherwise very numerous small ones, or microgonidia, may be developed. 

As the simply encysted Etu/lenre have been rcliresentcd as indciDendcnt 
genera of plants, so the same thing has 0 (!currcd when their contents have 
been seen in the process of self- division ; thus, for instance, Perty thinks it 
probable that Protococcus inryidus and P. chalyheus (Kiitz) arc no other than 
two such transitional conditions. 

Another circumstance attending encysted Euylciuc, is the forming an attach- 
ment to other bodies by a sort of pedicle, Avhich extrudes from what has been 
the anterior extremity of the being. When viewing large collections of IFic- 
yleucc, specimens may occur of two or scweral united together by the head or 
tail, sometimes with the tail of one to the head of another. Examples of two 
partially united have been explained by supposing the act of fission of a 
parent-animal to be nearly accomplished : but other observers have seen in 
such united beings an instance of conjugation, ?. e. of an act, to some degree, 
of impregnation. The union, however, of several by the tail, sometimes seen, 
is an argument against this siipjmsition, and is rather suggestive that such 
combinations are the rcinuaiits of primitive adhesions bet ween gonidia within 
the parent-cell or between germs before a i)elliele has formed around tbom, 
or, again, that a mucoid matter thrown out from the surface, as happens in 
many PhytozoUj may constitute the band of union, when incomplete fission or 
persistent primitive adhesions cannot be considered its origin. There is cer- 
tainly no a priori argument against the occurrence of conjugation in this family, 
and some naturalists would, from analogy with related beings, look for it ; 
but at present it has not, we think, boon proved. 

Ovules or (jerms , — That Euyhnur reproduce by internal germs is nn opinion 
now advocated by several natiiralisls. To our minds this mode of propagation 
is really homologous with the formation of gonidiji in admitted plants. Kol- 
liker writes (»/. M. S, i. p. 34) — “ Multi])Licalion by moans of germs goiicratod 
in the interior indubitably occurs in certain Infusoria : in Euyleud four to six 
embryos are seen in one indmdual, entirely filling it, which at length, fur- 
nished with their red speck and filament, break through their parent, leaving 
it as an empty case.” 

Mr. Carter cvV.) has entered veiy largely into an account of the ovules of 
Infusoria and of their devcloiment. “ In Euylemi viridis,^^ he wi-ites, “tlie 
ovules arc of an oblong shape : they are found, like those of SponyiUa, scattered 
over the sides of the vessel, and evidently have in like manner the power of 
locomotion in addition to that of turning upon their long axis when otherwise 
stationary. . . .The pellucid central area in them corresponds with the oblong 
shape of the capsule ; but bej'Ond this and the central granule I have not 
been able to follow their development out of the parent, though, from the 
number of young E. viridis present, it may he reasonably inferred that they 
came from the ovules. The young Euylence^ however, being so rapid in their 
movements when once the ciliiim is formed, it can hardly be expected that, 
except under a state of incarceration, their development can be followed so 
satisfactorily as that of the slow-moving Rhizopod, Instances*do occur, how- 
ever, where the ovules gain the cilium within the cell, and there bound about 
when fully developed like the zoospores of Algae within their spore- capsules. 
In this way I have seen them moving rapidly within the effete transparent 
capsuled body of E, viridis and in Crumemda texta, where the spiral-fibre 
layer is so strongly developed as to retain the form of the Euglena for a long 
time after all tHo soft parts have perished. On these occasions the embryos 
are perfectly colourless, with the exception of a central point which reflects a 

o 



194 


GliNEllAL HISTORY OF THE INFUSORIA. 


red tint ; and on one occasion, while watching a litter in rapid motion within 
the encysted body of K, viridis, the capsule gave way, and they came out one 
after another just as zoospores escape from the spore- capsule ; but, from their 
incessant and vigorous movement, T was unable to follow them long enough 
to make out anything more about them.” 

This same observer, moreover, i-efers to a rhizopodous development of the 
nucleus of Eaglena, whereby the form of an “ actinophorous Rkizojwd ” is 
assumed, from whicdi, in his opinion, young E^iglenm arc probably developed. 

IVrty, again, records some oiiginal observations on the development of 
EmlencK from ovules or, as he terms them, germs (Kcime). At p. 79 he 
stares that, among numerous very minute resting germs, intermingled with 
larger individuals, some Avere seen to acquire the faculty of motion, to stretch 
thejiiselves out, and to assume the form of Cercomonas. Between such and 
complet(*ly-formcd Etfglcme every inteimodiatc size occurred. The motionless 
splicroidal germs set free by the dissolution of the parent-cell soon dcvelopc 
a tapering extremity, teiminated by a locomotive filament, at the base of 
which is a hyaline space, and in and near to this a dark speck which subse- 
cjucntly changes to red. The differentiation of the homogeneous contents of 
the granules, out of which the gcu ms arc to bo developed, takes place at a very 
early period, but not in the same Avay or time in all specimens ; neither do 
all the young of a brood attain the same dimensions and figure ; indeed but 
few attain a considcralde size, and many accpiire an abnormal figure. For 
example, Perty regards Amhlgophis viridis as only an accidental variety of 
Eiif/lena, of large size and truncate at one end ; for he has remarked numerous 
small individuals, derived from a Ewjhna, also ^vith a truncated extremity. 
Further, he reports the multiplied varieties in form, in colour, and in arrange- 
ment of contents, &c., which occur in collections of the same species of 
Enx/hna, and adds that the great differences exhibited by E, viridis, when in a 
dying condition, are most varied and inexplicable. In illustration of this 
opinion, he remarks that the utmost variety of form occurs ; or all the vesicles 
and granules change to a red colour or become transparent ; or the vesicles 
vanish and the green mass contracts itself into a small ball, or otherwise dis- 
appears, tearing only an empty shell. In the last-named state the stigma 
often retains a black colour. The empty envelojies frequently accumidat(j so 
as to form masses resembling a vegetable cellular tissue, and in one instance 
approached, by mutual pressure, a regular hexagonal figure. Some such acci- 
(hmtal groupings of withered Euglena-cclls have been, as Perty believes, 
described under the name of Pidmella 6o^r?/o/V7cs by Kiitzing ; and Cercomonast 
vlridiSy and also probably Bodo vlrUUs^ are merely x)hascs of development of 
Eughna viridis. 

There is a distinct concordance between Carter’s and Forty’s account of 
the development of the contents of Englemv into minute germinal bodies, or, 
as we may legitimately call them, microgonidia ; and, on the other hand, the 
formation of two- and four-fission products (in other words, the formation 
of macrogonidia from these beings in their still-condition) has been a matter 
of direct observation. Consequently the developmental history of Ewjlena is 
so far complctb ; and it only remains for naturalists to witness the actual 
relation, the contact and incorporation of the micro- with the macrogonidia, 
to bring this genus within the same pale as Fb7mr, in reference to its 
si'xuality. 

"Mr. Carter has reverted to his notes on the ovules or germs of Euglena, in 
his just-publislied paper on Eiulorina (A. N. II. 1858, ii. p. 245), in the 
following remarks : — “ There is no doubt that E. viridis becomes ^stended 
with the cells which I have hoi’etoforc described, and thought to be ovules 
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or embryonic cells, and that during tliis time the chlorophyll passes into red 
grains, and subsequently disappears, while the organism is secreting a capsule 
around itself, and its original cell- wall passes into a tough spherical ovisac, so 
to speak. But what becomes of this, if it be the result of impregnation, or 
what the process of impregnation is like, or when it takes place, is for future 
discovci'y to determine.” 

Chlorogonium euchlorum (PI. XX. 15—21) was the subject of an interest- 
ing observation by Weisse (Wicgmiinn’s Archiv, 1848), who thought he had 
demonstrated in this species propagation by ova or germs, and, in fact, elu- 
cidated in it the development of mi(;rogonidia, by repeated acts of self-fission 
of the contents, just as in the spores of Alga). For instance, he described the 
contained green matter of the fiisifonn being first to contract in some mea- 
sure upon itself {XX. Ifi), then to exhibit a constriction followed by a lino 
of division into two portions, which, by subsequent redivisions, resolved the 
whole into a nodular nuiss resembling a bunch of grapes (XX. 17-18). 
This grapebuneh-like mass liosscssed a certain mobility' within the enclosing 
integument; and as tlie process of development proceeded further, its se- 
veral particles or segments displayed a movement among themselves, which in- 
creased in extent and vigour until the external envelope gave way before it, 
and permitted their escape in the form of so many distinct particles or beings 
(gonidia) endoweif wdth eiliaiy filaments, whereby they kept uj) an active 
movement in the surrounding Avatcr (XX. 21). The young foi*ms j)roduced 
exhibited active movements W'ithin the parent- cell, and at one stage prior to 
their discharge, when connected together in heaps, resembled UveJIa Bodo, 
On the rupture of the cyst they escai)ed fretdy into the water with tlie figure 
of Chlorogonium. 

Schneider has also some remarks on this genus {A, N, 11, 3^v. p. 326), 
He could discover no decided red speck, although as many as twelve reddish 
spots were distributed over tlic surface of the green mass ; a contractile vesi- 
cle, moreover, eluded his search. Of the mode of propagation he reports that 
division takes place in the interior of the investing membrane, in exactly 
the same manner as in Pohjtoma. The number of individuals produced is 
never less than four, but often as many as thirty- two ; in the latter case they 
arci very small, but always resorablc the parent in other rcjspects. A spheri- 
cal state of rest also occura. It appears that, when the requisite conrlitions 
are present, the young proceeding from the division of the parent pass into 
this state immediately after they are set free, — their soft investing mem- 
brane probably rendering them fitter for this purpose. The contractions 
which then take ifiace arc probably the same that were observed by Ehren- 
berg. In other respects I have found the form unchangeable ; and Chlo- 
rogonhim must consequently be separated from the AstasuKn, amongst which 
it has hitherto been arranged. On the addition of iodine, only a few blue 
granules arc to be seen in the fusiform individuals ; the green spheres, on the 
contraiy^ which are completely filled with green granules, acquire a deep blue 
colour with this reagent : if the colouring-matter be destroyed by mcjans of 
concentrated sulphuric acid, the granules are dissolved, and on the addition of 
iodine, a beautiful blue colour is produced. By long keeping, the green of the 
cyst passes to red. The cysts are not to be roused from their torpid condi- 
tion by the production of fermentation. I have, however, observed their re- 
virification under other circumstances ; but my materials arc insufficient to 
enable me to describe the mode of reproduction of the investing membrane 
and filaments, which would certainly be interesting. The conditions required 
for the existence of Chlorogonium are apparently quite different from those of 
Polytoynn : the former did not multiply abundantly in infusions until the 
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latter had passed to the state of repose.” This view of the affinity of Chlo- 
TCHjonium accords witli that which VV'eisse indicates in the statement that this 
genus and Glenomonnn tinmens (species of Ehreiiberg’s family Monadihid) are 
but two ])hascs of the same being. 

Weisse has appended some remarks to the preceding account by Schneider 
Mull. Archiv, p. 160). He says that he witnessed the revivification 

of encysted Chlorofjonm (a pbmnoracnon unnoticed by Schneider) on placing 
some cysts, collected the preceding year, in water. The reddish and pre- 
viously sphoi’ical cysts wore .seen to gradmilly lose their regular outline by 
the elongation of one end, and thereby to acquire an ovate form. After a 
short time the narrower end of the cyst ruptured, and a very thin- walled 
vesicle protruded through the rent : whilst this took place, a movement of 
the contents of the cyst became evident ; and after a while several constric- 
tions appeared, which extended deeper until they divided the whole into four 
portions. For a time the protruding sac elongated itself more and more, but 
ultimately, owing to the pressui'o within it of the moving particles, gave way 
and allowed their exit. The esca]>ed se(itioiis wcm’c, as a nile, of pretty uniform 
sizes, but had not the remotest resemblance to the mature Chlorotjonium, and 
indeed might have readily been assigned to another group of beings. Their 
figure was elongated, irregular, and oftf‘n triangular, on first escaping from 
the cyst ; they were also flexible in cverj’ direction, and of a dusky brown 
colour. After dispersion, on reaching the margin of the drop of water, they re- 
sumed a globular shape, changed to a rusty red colour, and after a few hours 
assumed the appearance of clear-green sjundlc or bodo-shaped organisms. 
Jletween llieir evolution from the cysts and their development into the form 
of Ohlorogomuniy two hours, less or more, intervened. This division into four 
segments, representing four new beings of Chlorogonium progressively evolved, 
apparently without actual metamoiq)ho.sis, may be rightly estec^med an act of 
reproduction by macrogonidia, whilst the breaking up of the organism into a 
multitude of zoosiiores, as previously described by Weisse, is a process of re- 
production by microgonidia. 

Nature of Astasi/Ea. — It is with certain members of this family that 
Thurct pointed out {Ann. ISc. Nat. 1850, xiv.) the close resemblance to the 
zoospores of Algm, amounting, as far as outAvard appearances indicate, to 
actual identity. 

“This affinity,” he says, “is exhibited in the colour, form, in the number and 
character of the ciliary filaments, in the contents, not excepting the coloured 
eye-speck, in the mode of self-fission, and also in the poAver of locomotion. 
What is still more, both zoospores and Astasimi tend to the light, disengage 
a gas, most probably ox,ygcn, and emit a iicculiar spermatic odour. However, 
by continued AA^atching the zoospores ar<5 seen to affix themselves to some body, 
•surrender their seeming animal life, and proceed to germinate, developing a 
tissue similar to that of the plant which gave them l)irth. On tlie other hand, 
tlie tnie Astasia^a, if they attach themselves, it is but for a time, and no ap- 
pearance of germination ensues. The closest similarity exists in the case of 
the Chlamydomonas pulvisculus {Disehms viridis, Huj.), and in a less degree 
in the Eugfenaf. . . . In the fomi of the body, in that of the flabclliform cilia, 
and in the disposition of those cilia, as also in the contents of the body, 
the resemblance is complete. The movements of Diselmis are like those of 
zoospores : and, like them, they tend to the light. In one distinct species, or 
rather, in a particular state of the same species, a very clear red spot is dis- 
cernible, and a central globule, very like in appearance to the amylaceous 
granules so frequent in the cells of green Algse. These Infusoria appear to 
act on the atmospheric air like Algte and the green parts of other plants, dis- 
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engaging a gas (oxygen ?) under the influence of light. They exhale an evi- 
dent spermatic odour. Their reproduction occurs by spontaneous division, 
2-4 young ones being formed within the common integument. I have ob- 
served the same mode of reproduction in the Eu^lence, which act on the air 
and turn to the light like Disefmis, but have an extremely contractile body 
changing its figure every moment, which will not admit of their being con- 
founded with zoospores, and leaves no doubt of their animality. This binary 
or quateniaiy division is met with also in the various species of TetraaponVy 
which, though armnged with the Algae, appear to me of very doubtful v(^ge- 
table natniw In Tetmspom fjelatuiosa I have recognized green globules, dis- 
posed in fours, and each- furnished ^vith two cilia of extreme lengtli, Avhicli 
are lost in the gelatinous mucus of which the frond of this siipiiosed phant is 
constituted. All these productions, as Avell Goniiim, Pandorina, Pofvo.Vy 
Protococciis ithuiltSy &c., present, in my opinion, characters of animality 
too decided and too permanent for it to be possible to refer them to the 
vegetable kingdom ; and I think it would ])rove more convenient to 
unite them, with all the otlicr Infusoria {Pohujastrica) coloured green, in 
one and the same grou]), which might be called CJiforozoidea\ We liavc 
before noticed the sweei)ing statcmiciit of M. Agassiz, that all the mouth- 
less Infusoria are nothing but various forms and i)hases of development of 
Algae.” • 

Although many naturalists stoutly claim the Astafilcray and the genus Eu~ 
(/le7Ui especially, as pj^ants, j^et others, and among them some of the most 
able, particularly in (Icrmany, still pronounce them animals. Ihit, as we 
have before noticed, there are undoubted Eit^lemi-iounH which are actmilly 
phases of existence of known plants, and which, if watched, may be followed 
in tlieir development until l)y germination they assume all the special fea- 
tures of those jdaiits ; and, on the other hand, there are EnfjJena} Avhich at no 
period of their existence (jan be seen to germinate, although they may exhibit 
a plant-like condition when encysted and motionless, like Protococciis resting- 
cells. 

As an example of the former set of transitional bt‘ings, wo may appeal to 
the observations of Itzigsohn already recorded (i). 125), showing that, in the 
development of OscUlalorury minute Chlamydomonads arc transformed into 
Eiujlenir, that these in their turn generate microgonidia, which, after some iii- 
termediatc transformations, eventually produce the ‘ Leptothriv,^ and lastly 
the perfect Osc'dlatoria, Another illustration might be adduced from Cohn’s 
essay on Protococciis pluvial is, in which he points out both an Astasia- and a 
Euylena-\\\ic jihase of that unicellular plant. Let it, however, be noted that 
whilst Cohn records a Eur/loia-iihafic in ProtococcuSy^ho nevertheless admits 
the existence of animal Ewjlenm, distinguished by their extraordinary con- 
tractility {Eutw, p. 208). Withal, this distinguished observer’s discovery of 
the mutual sexual relation of micro- and of macrogonidia constitutes (sup- 
posing these reproductive products, as seems to be actually the case, to be 
generated in Eui/lence) an additional argument for their vegetable nature, by 
bringing them witliin the same category of organized beings as Volvox and 
Pandoinna. * 

If Mr. Carter be coirect in his account of Astasia, this genus can no longer 
remain in the category of doubtful organisms, but must forthwith be trans- 
ferred to the animal kingdom ; for he asserts the existence of a mouth with 
a complicated buccal apparatus for biting off and taking in food, of a strong- 
prehensile organ, and stomach-sacs. Besides, he speaks of its near affinity 
with Anweha, and refers it to the Rhizopoda, In Ewjlerui, on the contrary, no 
mouth- or stomach -vesicles arc discoverable, and the filament is comparatively 
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imperfectly developed ; hence Mr. Carter allies this genus rather with the 
zoospores or gonidia of Algon, and assumes that it must, like other mouthlcss 
organisms, derive its nutrition through endosmosis. Cohn, on the other 
’hand, although cognizant of many plant-like features in Euglevuiy cannot ac- 
quiesce in detaching it from animalcules, because of its great contractility 
and of the fact that there are undoubted animals, such as Opalhia, Rhizojooddy 
Gregarhuiy Trematoefa , &c., which want the special animal characteristic of a 
mouth. 

Mr. Carter would, it seems, recognize both Eiiglena and Astasia as close allies 
with Amwba, — an affinity remarked by Ehrenberg, who placed the family As- 
tasicpu between Closterhm and Amcebmay treating the variability of the form of 
the body as a letiding characteristic. Indeed, the first-named observer alludes to 
an actual transition of Astasim into Amabcuy in the following paragraph (ri. 
N, JI. xvii. 1856, p. 115): — ‘‘ Young AsUisice are developed within the cells 
of Spirogyra to a great extent ; and although they at first have almost as 
much polymorjjhism as an Amceba, still they retain their cilium, and after a 
while assume the form and movements peculiar to Astasia, I might here 
mention that on one occasion I saw a large Amceha with a long cilium at one 
time assuming the form of Astasia^ and at another that of Amoeba y which thus 
gives us the link between these tAvo Infusoria. The cilium, however, had not 
the pow'CF of the filament of Astasiay though it occasionally became terminal.” 
At a inevious page, a rhizopodous development of tlic contents of Euglena^, 
into granuliferous Amoebm of a pinkish colour has been adduced as a fact 
noticed by the same observer. • 

Wo need not stay to examine the vital endoAvments and habitats of the 
Astasice ; for, except the facts occurring in the preceding history of the family, 
and in the general account of Phytozoa, there is nothing important to adduce. 
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Sect. III.— OF THE FROTOZOA. 

(Plates XXT.-XXXI.) 

The term Protozoa, borrowed from two Greek words, jf?ro#05, first or primi- 
tive, and zoon, an animal, has of late been very generally adopted to signify 
the simplest forms of animal life. Upon a review of these rudimentary 
animals, it Ls at once perceived that they differ among themselves in organiza- 
tion — that whilst some are ainoiphous and almost homogeneous, others exhibit 
a degi-ee of difleronliation of parts, and the iirst vestiges of internal oigans to 
cany on the processes of life ; again, it is seen that some have a distinct orifiee 
for the admission of food, or a mouth, which in others is absent, and, lastly, 
that some A\'itli a dehnite figure arc moved by vibratilo cilia, whilst others 
slowly i)rogress T)y tlie altemate protrusion and retraction of evt‘r-changing 
and changeable processes derived from the general mass of their body. 

From a considc ‘ration of these stnictunil dilferenecs, one division of the 
Protozoa is suggested into those moved by cilia, and those moved by variable 
processes ov ^ ‘pseudopodes ’ ; and a second, into those furnished with a mouth, 
and those which arc raouthless. We have accordingly constituted two pri- 
mary divisions, viz., 1 . Ciliata, Protozoa moved by cilia ; and 2, Rhlzopodu, 
moved by variable processc's. The llhizopoda (XXI.) arc all mouthless, or 
^ astomatous,’ whilst the Cdlata (XXIV.— XXX.) have a mouth, and are 
styled by Siebold ^ Stomatoda,^ with the excei)tion of a snuill family, the 
Opaluum (XXir. 4fi, 47), and iierhai)s also of that of the Peridinuva 
(XXXI. l(5-2;i). 

However, besides the beings usually included among the Ciliata {miHi llhizo- 
poda, there are several subordinate Protozoic groui)s, some of which eitluT 
stand as it were midway between them, or represent a development of the 
amorphous and moutbless in a different direction; such arc the 

(jTirfjariuida (XXII. 28-3(5), with the associated Psorosp^ermia (XXll. 37- 
41), the Spomjiada, Thalassicollida, and Polycystina, all which must rightly 
also be numbered with the Protozoa. 

Of the Ctltata themselves, there is a further and higher development of 
their t 5 y)e in the subordinate groups of Ichthydina (XXll. 4(5-47) and Noe- 
iihtcida (XXXI.), and, on the other hand, a degradation of it, as already 
noted, in the case of the Opalhum and Peridinhm. Here wo would remark 
that the term * Infusoria ’ has been •employed by several writers, in lieu of 
that of Ciliata, which we adopt ; stiU it is, to our mind, both less appropriate, 
and also open to objection, not only on account of its meaning being quite 
indefinite, but also by its having everywhere acciuired a very much wider 
signification, in consequence of which it will always be open to misconception 
w'hen applied to a comparatively very small class instead of, as heretofore, to 
a very various and wide collection of microsco])ic organisms.. Another word 
invented is which is precisely equivalent in the extent of its 
signification with'the term Ciliata, the mouthless families only being excluded. 

Excepting their subordinate groups, the organisms comprehended among 
the Ciliata and Rhizopoda formed, in conjunction wdth the Desmidiece, Dia- 
tomcce, and the families we have brought together under the appellation 
Phytozoa, the 'great class Polyyastrica in the system of Ehrqj^berg. Little 
reflection is necessary to convince ourselves of the veiy heterogeneous nature 
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of the collection of living objects assembled in that class ; and even Ehrenbcrg 
himself would never have suggested such a grouping, had he not imbibed the 
hypothesis of a pervadingimiformity of organization possessed by the simplest 
animated beings in common Avith animals considerably advanced in the scale, 
and under its influence, aidc^d by his imagination, found in all these various 
organisms, a polygastric strmdiire, auz. an apparatus of numerous stomach- 
sacs, communicating directly or indirectly Avith the mouth. NotAvithstanding 
the many promintmt eiTors in Khrenberg’s classification, he rightly recognized 
in framing it tlie value of the external means of locomotion, and distinguished 
a group of Pobjif/ustrica under tlie name of Pseudopoda, 

Sicbold, Avho proposed the term Protozoa^ limited it to tAvo classes, distin- 
guished as the ‘ Infusoria ’ and the ‘ Kliizopoda omitting the sui)plemcntary 
groups above mentioned. The Infusoria he divided into tAvo orders, the 
‘ Astoma ’ and ‘ Stomatoda,^ the latter of Avhicli, together with two of the 
three families of Asioma, is ecjuiA-alcnt to our class Ciliata, its remaining 
family Aataskva being a member of our group of Phytozoa, 

The Protozoa, as understood by us, may be thus exhibited at one view. 


CiLIATA. 


EiiizoroDA. 


A. StoTiiatoda , 


ft. Amceboea 

b. Moiiolhalamia or Monosoinnlia 

c. Poly tha lamia, Polyaomatia, or 

Foraminitera. 


lelitliydiiia 

Noclilucida 


Gregarinidsi 

Psorospcriiiia 

{ Poly(?y8liiin 
Thalassicollida 
Spongiada 


In treating of these several classes and grou])8 avc shall commence with 
the Rhtzopoda, omitting, hoAVOA'or, lest our subject-matter bo too much ex- 
tended, the Pobjcifutina, Thcdassicollida, and ISjwnyiadu ; avc shall next pro- 
ceed Avith a brief description of the Oreyarlmda, and its subordinate family 
Psorospermin, and then after considering the Opalln^M and Peridlnuea as 
intennediato groups, proceed to detail tlic histoiy of the perfect Cib'ata — 
the Sfomatoda, — finishing our account Avith the Icliihydina and Noctilucida 
as the highest developments of Protozoic life. 

As a result of our inquiry, avc shall see, on the one hand, in the true 
Ciliata, simple animal organized matter, with a very slight amount of differ- 
entiation, attain its acme of development in the Vorticellina, and in these 
animalcules exhibit a superiority in organization above the lowest links of 
groups relatively higher in the chain of animal life ; and, on the other hand, 
in the llhizopoda, of still simpler organization, the same organic living 
matcriid developed in a totally different direction to a maximum in the most 
beautiful and complex- shelled Fora mini fern, Avhich in outward form, although 
in no retd homology, cmidate the highest class of Invcrtebrata, Adz. the 
Cephalopoda * 

Another lesson may also be deriA'cd from the objects of our present study, 
viz. the fact of the maiwellous variations which can be made out of one or, it 
may bc,tAvo elementaiy' stmctui’cs. Thus the simple contractile substance which 
can live independently in the Amoeba condition (XXI. 1-4 ; XX^II. 1-23) 
encases itself in a onc-chambered shell in the Momthalamia (XXI. 6-19), 
and into a ma^-chambered one in the Polythalamia (XXI. 20-36), and again 
liA’cs partly Avithin and partly without the curious silicious skeleton of Poly- 
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cystina, and in singular relation ^vitli a sinjjuln skeleton in Spongiada and 
TJuilassicollida. 

So, if we look to the Ciliata, wc find that the hardening of the supcrfieial 
lamina of their substance into a soit of integument gives rise to numerous 
modifications in external form and functions, according to the degree of 
induration, and the i^rocesses sent out. The flexible-skinned CoJpodea 
(XXIX. 25 50) dt'pend for their movements upon their garniture of vibratilo 
ciHa, and are merely swimmers, whilst the hard-coated Eaplota (XXV. 350 - 
353) produce short moveable processes which act as legs, upon wliich they 
can rapidly creep. Lastly, the selfsame primitive contractile substance is 
formed into a stem in the VorticeUa, which sui)ports the animalcule at its 
apex, and exhibits helicoid contractions; astonishing both by their rapidity 
and completeness. 

SrUSECTIOX 1.— IIHTZOPODA. 

(Plates XXI. XXII.) 

The true llhizopoda constitute a large class of microscopic animated beings 
of the most simple character. Th(‘y may be defined as non-ciliatcd Protozoa 
moving by variable expansions. Tlieir organic animal substance presents no 
distinction of tissues or of orgaiis, but is homogeneous, contractile, and trans- 
lucent, resembling a ttmacioua mucus or soft tremulous jelly, and is perpetually 
changing it,s fonu by expanding itsedf at one or several points into processes 
of ever-varying dimensions, arrangement, and number, and called in eonse- 
(picnce “ variable processes.” luasmiieh, moreover, as these shifting offshoots 
ai(' their only means of lo(?omotion, they have frecpumtly been called ‘‘feet,” 
and, as they arcMilso characteristic of the class, have given origin to the terms 
“ Paendopoda'^ (with false feel) and “ JUuzopodad- (root-liko feet) to dosig- 
natti it. Again, the Kviug mass is, in numerous instances, capable of enclos- 
ing itself by a shi^U of various figure, consistence, and complexity ; and such 
variations sciTO to separate the Khizopoda into famili(*a and geru^ra. 

In the simplest slndl-lcss beings (XXL 3, 4), vitality is exhibited by the 
slow protrusion and retraction of tin; variable processes, by the change of 
form, their onAvard movement, and the introduction of niiti*itive substances, 
and by the gradual changes of the introduced matters indicfiting a digestive 
act. They therefbre manifest vital contractility, a power of locomotion, a 
degree of sensibility, and a digestive process. 

llepcatcd obseiwation likcAvise reveals the fact of progressive, growth, and 
the faculty of reproduction. Tha testaceous forms exhibit their vitality 
after the same manner, and surpass the naked llhi/^opoda only in the mar- 
vellous power of secretion displayed in the production of their shells (XXI. 
b- ^b). 

Although in oi^anization the llhizopoda stand even below the ciliated 
Protozoa, yet an animal nature must be allowed them ; indeed the simplest 
forms are the rudest specimens of animal existence. Under the term llhizo- 
poda are comprised three well-marked families, viz. the Atncelnna or Amfgbwa, 
which are without, and the J£onoth(tlfiinut and the J^hrtxniinijkra^ with shells. 
The Monothalamm have one largo opening to their monolocular (one-eellcd) 
shells (XXI. 6—1 / y hence the name, — whilst the For ami nif era owe their dc- 
signation to the existence of numberless small orifices, generally distributed 
over a multilocular (many-celled or chambered) testa (XXL 20-:)6). 

Wc have frerniently, in the following pages, used the term Arinina as 
synonymous with Monotlmlnmia ; for although the family known to Ehrenhcrg 
under that name comprehended only a portion of the genera that Schultze 
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arranges in iiis group of single -chambered or monolocular shells, yet its 
meaning may be equally extended. 

It would probably have been correct to have placed the Acinethia (^Xlll.) 
among the llhizopoda, as another family closely allied to the Amcebhia ; but 
the detail of their peculiarities would have too much embarrassed the general 
description of stnicture which we have endeavoured to give of all the usually 
acknowledged or true llhizopoda ; we have therefore preferred to describe 
them as a subclass in the following chapter. 

The examination of the llhizopoda requires to be conducted with great care 
and skill, — a requirement sufficiently illustrated by reference to tho erroneous 
notions and descriptions of tho older obseiwers. They must be viewed in aU 
positions under different degrees and modes of illumination, by reflected as 
well as by transmitted light, and, especially in the case of the testaceous 
varieties, after submitting them to pressure and to the action of various 
chemical agents, or, when sufficiently large, after making sections of them in 
different directions. 

The organic living mass of all llhizopoda is alike, and corresponds with the 

Sarcodo ” of ciliated Protozoa and with the amorphous contractile substance 
of Htjclra and of other low organisms. It appears in the present class a con- 
tractile, highly elastic, colourh^ss, almost fluid mucus, hyaline or diaphanous, 
homogeneous, and in refracting power differing little from water. No di- 
stinction into an enclosing firmer membrane or integument and contents is 
discoverable ; and cilia are never foimd. These characters exist in entirety 
only in very young animals; for at a very early period molecules, granules, 
and globules or vesicles, and various foreign particles, make their appear- 
ance, diminish tho transparency, and often impart colour. 

A new species of Anueba, figured by Schultze, the A. (jlobularis, is repre- 
sented as having a thin, transparent, colourless lamina of contractile substance, 
fixim which the jirocesscs arc given ofi‘, and wliieh surrounds a globular, co- 
loured, and granular chief or nuclear mass (XXT. 1,2). A similar distribution 
of the substance of an Amoeha into a hyaline colourless cortical, and a granu- 
lar coloured medullary portion, is represented by the same author in another 
species ; and it is moreover a structure homologous Avith that in the allied 
genus Actlnoplirus (XXIII. 28, 29). As to the assigned character, of the 
animal sarcode being destitute of a distinct investing membrane or integu- 
ment, the shell produced by the testaceous forms might be considered e(|uiva- 
lent to one ; and if some observations hereafter alluded to be correct, a re- 
sistant integument among the llhizopoda must be admitted as an established 
fact. 

It is possible that in some instances the organic substance has a colour of 
its oAvn ; for instance, Ehrenbcrg describes Amceha princeps as having a yellow 
colour. However, in general the occuiTcnce of colour is consequent on that 
of granules, and on the introduction of food ; and observation proves that the 
depth of colour augments with ago, and is otherwise in direct relation, with 
the abundance of food. The coloiu* is usually jnetty uniformly difiused. 
Schultze shows this, and also its relation with the thickly -distributed minute 
gi’anulcs, in masiy Miliolidee, Rotalklee, iind Oromice. In larger species (he 
adds), such as Polystomella strigilata and Gromia oviform is (XXI. 16), the 
colour occurs in scattered and much larger particles or vesicles ; yet under 
wliat form soever found, it is, in the case of the many-celled or chambered 
Fomminifera, deepest in the oldest cells, and progre^isively fades on approach- 
ing those most recently formed, the last being commonly quite colourless 
(XXI. 28, 36). Experiment also showed that, by depriving the animals 

of food Avhich could convey colour, other chambers than tho last lost their 
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tint, and, vice versd, that by feeding them abundantly with such food, even 
the animal substance of the ultimate cell acquired colour. Irregular accu- 
mulations of colouring particles in the ultimate chamber arc of rare occur- 
rence. Khrenbcrg has figured such in Nonionina ffennamca. 

The colomless, or almost colourless Ehizopods, piincipally Amcehre, are, 
o^\dng to their transparency, visible with difficulty, and require nice adjust- 
ment of the microscope and of the light to demonstrate their \dtality and 
movements. 

Concerning the chemical relations of the organic substance, it is stained 
yellow or yellowish-brown by solution of iodine, like other protoine matters, 
and, according tp Schultze, is unaltered by diluted acetic acid, is slightly 
hardened by a dilute solution of the alkalies, and more so by one of the car- 
bonates. Moreover, its resistance to chemical action would seem to differ 
in dilferent species ; for the Gromkt Dujardimi was the least affected of se- 
veral animals experimented on. 

‘<Tlio colon ring- material,” to quote the safne writer, assumes by the action 
of sulphuric and of h)’drocliloiic acids an inteiiso verdigris green, and by 
that of nitric acid, first ii green and then a yellow tint. Concentrated sul- 
phuric acid destroys the coloured substance, but when combined with sugar, 
renders it green. By concentrated solutions of potash and soda, the coloured 
granules are dissipated without change ; and in ether and alcohol they are 
readily and completely dissolved. In these reactions the colouring-matter 
agrees with Diatomcev, from w hich, no doubt, it is derived in the form of food.” 

No definite figure can be said to belong to the animal portion of tho lihi- 
zopoda, owing to its capability of throwing out processes in every direction, 
of various dimensibns and in different numbe^rs, changing them almost every 
moment. Auerbach, however, asserts of the Amaih(t> that they have normally 
a spherical figure. Dr. Bailey has pointed out the influonce of pressure from 
within, duo to the various articles swallowed, in modifying the figure. Tho 
AnmbevA^isiw^ untrammelled by a shell, exhibit the Protean changes of form 
in the highest degree, whilst the comidetoly enclosed Foraminifera present 
them in the lowest. In the latter the organic mass must follow the windings 
of the cavity of tho shell (XXI. 24), and can escape only from the foramina 
(holes) as thread-like filaments, in the form, extension, and subdivisions of 
which great latitude prevails. We have said that tho sarcodc of PolytJiala- 
mid follow's the ^vindings or adapts itself to the figure of each segment of the 
shell, and has actually no figure of its own. However, Avhen separated from 
its calcareous investment by means of an acid, it retains the outline originally 
imposed on it. Thus (XXI. 24) Schultzc exhibits the sarcodc substance of a 
Mil tola so separated, which shows a constriction at c;^ch half turn of the spiral 
and the delicate membrane which iilvcsts it or lines tho shell. So, again. Dr. 
Cariumter, in his description of OrbitoUtes, states that the soft sarcodc body is 
maclo up of a number of segments equal and similar to each other, and arranged 
in o^ncentrie zones around a centnil nucleus. Among tho Amoehoe the varia- 
ble processes may cither bo protnided at one time from every portion of tho 
little mucous mass, so that, as Ehrcnbcrg remarks of the Amoeba radiosay it 
may, when fully outspread, be likened to a miniature porcupine ; or, otherwise, 
they may be produced chiefly or entiixdy from one side ; or, as when tho ani- 
mal is moring, they are thrown forward in the direction it is progressing, and 
retracted on the opposite side. Among many Momthalamia the bulk of tho 
living mass issues through the one large orifice, and can spread out in a similar 
manner to the free Amoebina, — the shell, according to the direction of tho 
pseudopodes, resting in tho centre of tho mesh or on one side. The Forami- 
nifera have a like capacity of cxtniding their processes in one direction rather 
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than in another, or in all ciirections together ; and accumulations of their 
mucous substance, or fusions, may take place on any one side. In this family 
the filiform fibres are, as a rule, not seen protruded at any one time through 
all the pores perforating the shells. 

Many genera liave, besides the generally-distributed small foramina, a larger 
orifice in the ultimate chamber ; such is seen in Rotalia and Texiilarui, In 
these, says Schultze, it may be remarked that the processes first thrown out 
come piincipally from tlie large ojienings, and frequently a considerable time 
elapses before the numerous fine pores give exit to fibres. Often, again, the 
filaments are extended only from the two or three last-formed cells. Yet 
after long lying iindistuihed, fibres may be seen proceeding from every part 
of the surface of the finely porous shells. Still the question rccpiircs further 
examination, to decide whether the processes can be extruded through aU the 
foramina or only througli some of them in certain places. HoAvever, as 
Schultze remarks, the universal porosity would seem without a purpose if it 
docs not give vent to the contained substance at sdl points. 

The processes of Pohjthalamia attain the grcatcjst length and fineness, and 
often constitute a network of several lines in diameter, — the shell of the ani- 
mal occupying the centre, like a spider lodged in the middle of its web. The 
length of such fibres not uncommonly exceeds twelve times the diameter of 
the shell. The processes of most Monolhalam'ia are not so numerous, and do 
not ecjual on an average those of the Polytluilamiay whilst those of the Amwhee 
arc mostly shorter and broader. The length, number, and fineness of the 
processes, together with their mode of termination, supply, under considera- 
ble hmitations, characters for distinguishing species chiefly of the ArntMaa, 
and, in a less degree, of the single-chambered testaceous Ilhizopoda. 

The ever-fluctuating form of the animal mass and of its processes is ex- 
pressed by the term polyinorphUmP It is, as before noticed, a wcU-rnarked 
character of Ithlzopoduy although not restricted to them ; for the like is exhi- 
bited by the yolk-cells of Planariu, and by detached fragments of the substance 
of Hydra ; in fact, illustrations are not wanting in the vegetable kingdom. 

The phaenomenon of polymorphism would seem to discountenance the hy- 
pothesis of the presence of a limiting membrane or skin. Ehrcnberg described 
a resistant, very clastic, and contractile integument, and, to explain the van- 
ability of figure and tlio extension of the pseudopodes, supi^osed a relaxation 
or suspension of the natural contractility of the integument at the extending 
point, and a consequent passive yielding before a pressure from within exerted 
by the contained substance. This cxifianation he endeavoured to illustrate 
by comparing the process Avith the foiTuation of a hernia or rupture, — a com- 
parison, by the Avay, involving an eftbrt of imagination to discover any simi- 
larity between the two occurrences. Thlis he remarks of Amceha priaceps 
that “ its normal shape, if such it can be said to possess, is globular ; but it 
can relax any portion of its body, and contract the rest, so as to force the in- 
ternal substance down into this relaxed portion, wliich thus becomes, %s it 
were, a hemial tumour.” This notion is opposed by the results of obsciwa- 
tion. The very characters of the processes, their great length and frequent 
tenuity, their bmnehing, adhesion, and coalescence contradict the assump- 
tion ; and the fact of their not uncommon extensoin from aU sides of an ani- 
mal involves, as a consequence of Ehrenberg’s hypothesis, a belief in the 
exertion of internal pressure in opposite directions at the same time. Other 
evidence of the error of this hjq)othe8i8 is found in the folloiving facts, viz. 
the adhesion and entrance of foreign bodies at any part of tlio sarcode sub- 
stance, the cohcision of two individuals, and that, as pointed out by Dujardin, 
when the gelatinous mass of an Amreha is tom or cut across, no escape* 
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of u contained softer matter or of granules takes place, but each segment con- 
tracts on itself and continues to live, and, again, that when a Rhizopod is 
shaken about, its processes become flexiious, and float loosely instead of being 
withdrawn within the general mass, as should diappen if a general contractile 
integument cnveloi)ed it. Among the Amalm generally, a distinct hj^aline 
cortical substance is found enveloinng the interior more fluid matters, and 
i-estraining tboir escape, (ISee afterwards, on shells of Afonoihalamia, excep- 
tional forms noticed by Dujardin and Hailey, and the researches of Auerbach.) 

Although an integument be, therefore, no part of the stmeture of Rhizopoda, 
yet their soft substance is capable, as is shown best in the Amcebina, of resist- 
ing intej nal in’cssui e, sucli as that from silicioiis shells of JJiatomece and other 
lull’d substances, which oftentimes cause irregular and sharp projections during 
the movements of the animals, but yet very rarely perforate them. On the 
other hand, Rliizopoda become sometimes imjialed u])on the rigid fibres of 
plants or other substances, and, though thus transfixed, wiU move from one 
extremity to the other, without any apparent inconveniemeo or injury. This 
civcumstance has been long noticed in the case of the Arnwha; ; and Schultzo 
has figured a spoeimou of a testaceous Rhizopod — the Gromia Dvjardinii 
— p(‘ii(;trated by a large curved hair. 

Dr. Auerbach, in a recent Essay on the Amiehtm (ZelfscJir, 1855, pp. 3G5- 
430), has advanced the statement, from observation, that all the Amtebce are 
enclosed by an adhesive, elastic and strindurclcss membrane or integument. 
This fiK.’t has, he says, been so universally overlooked b)" reason of the diffi- 
culty in determining it, and, where caught sight of, lias been misinter- 
preted, as, for instance, by Schneider Anhivy 1854, p. 201), who 

represents Ahueba enclosed by a membrane as being in a state of “ rcst/^ or 
encysted. 

Auerbach makes particular reference to two now species discovered by him, 
as illustrative of the presence of an integument, viz. A, bUlmbosa (XXII. 7— 
11), and A. acihi 02 )ln)rn (XXII. J3), in both of which ho detected a double 
pei’iplieral line. Rut besides this ovideiieo he appeals to the effijcts of reagents, 
of acetic or of diluted sulphuric acid and alkaline solutions, both on the species 
just cited aii(l on others w ell known — for instance. A, princeps — in dernon- 
.sirating the membranous investment. And w^hat seems at least very strange, 
wo might say (piite iiiexjjlieable, he asserts that u])on all the processes, how- 
ever branched, anastomotic, or fine, this membrane is extended to their very 
oxti-mnities ; tor on adding a dilute alkaline solution to Armeha radiosa, the 
granular and mob'ciibir contiiinod mass boeame shiimken, and retreated to- 
wards the centi-e, leaving the figure of the animalcule with all its processes 
as befoi-e the addition, the latter appealing as tubule^ with closed ends, which 
ruptured by over-extension. 

This same author accounts for the entrance of solid particles from without 
by imagining the iiitegiimont to rupture to receive them, and then to close on 
them so as to leave no trace of the jirocceding. Further, the membrane is 
not soluV)le, at the ordinary temperature, in acetic nor in mineral acids, nor 
in dilute alkaline solutions, and therein agrees with the tissue noticed by 
CV)lin in Paramecium and othei Ciliata {vide chap, on CiLiAT^), and with the 
eell-memhraiic of animal cells. 

Those observations of Dr. Auerbach are w^ell dc.serving attention, although 
wc arc indisposed to accept them in their entirety. The wonderful poly- 
morphism, the coalescence of processes, and the particulars alluded to above 
(p. 204) as inconsistent with the presence of an integument need not be 
again adduccd*in argument. What is desirable is, that ob.servationa .should 
be multiplied on this subject, which is one that strongly commends itself to 
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the notice of microscopists on account of its bearing on the question of cell- 
constitution. 

The variable processes serve the Rhizopoda for locomotive organs. An ex- 
pansion is thrown out in advance, into which a constant influx of the sarcodo 
substance sets, — wliilst in the opposite direction a counter- current occurs, 
effecting the retraction of the posterior processes. This onward flow of the 
substance of the body proceeds until at length the whole is transferred into 
the advanced process, moving from its base to its termination. In this manner 
the animal progresses, tlic space passed over equalling the length of the ex- 
pansion it protrudes. This method of locomotion may bo designated creep- 
ing or crawling, and is tho only one with which this class of animals is en- 
dowed. The consequence is that they are, as a rule, to bo only found adherent 
to solid bodies, and cannot move by swimming. However, they can move as 
passive particles of matter, be rolled along by currents upon any substance 
they are in contact with, or, from being (as in tho case of Anweha) of almost 
the same specific gravity with tho uratcr in which they live, may float, or bo 
suspended in it for a long time. Their motion by creeping is exceedingly 
slow, and oftentimes is a[)j)reciablc only by attentive watching. 

The graphic desci iption of Schultzc, of the expansion of processes in a naked 
Amceha and in a testaceous species, viz. the Gromia ovifonnis, will make the 
phaDnomcnon more distinct. The former is a new sj^ccios discovered and named 
by himself tho Amceha porrecta (XXI. 3). It is distinguished from other 
species in the genus by tho great extension it is capable of, and by the lively 
motile energy of it* contractile substance. It sends out from its colourless 
body, on all sides, numerous fibrous processes, short and broad on their first 
extrusion, but which gradually elongate until they exceed tlio diameter of 
the body eight or ten times, and tai)er to such fine extremities that a niag- 
nif jdng power of 400 diameters is needed to distinguish them. The figure 
and extension of tho body change every moment, according to the side in 
which tho ramifications arc extended. If two or more of the filiform pro- 
cesses touch, a coalescence takes place, and broader plates or nct-like inter- 
lacements arc produced, whicjh, in tlio continual changes of figure, are either 
taken up again into the general mass, or otherwise are further iiTcreased by a 
fresh influx of matter, until finally the entire body is transposed to their place.” 

In the testaceous Gromia oviforrnis (XX 1. IG), after a state of rest of some 
duration, fine fibrous processes arc seen to bo extended from the single large 
opening of the shell, wiiich, on their first extrusion, move about in a groping 
manner until they lay hold of some solid body (such as tho surface of the glass 
slide) on which they may stretch themselves out, receiving in the meanwhile 
new matter from within f,he shell. The first fibres are extremely fine ; but pre- 
sently they grow wider, and proceed to elongate tliemselvcs, pursuing a straight 
course, ramifying in their own way and coalescing \vith adjoining processes, 
until, becoming progressively finer and finer, tlujy attain a length exceeding 
that of the body six or eight times. The fibres having now outstretched 
themselves in evciy direction, and absorbed the greater part of the finely- 
granular contractile substance, their further extension in length ceases. 
However, the leticulations go on multiplying; numerous bridges (inoscula- 
tions) are established between them ; and by title continued changes of position 
a constantly shifting protean wreb is produced, where a greater number of 
fibres come together at tho periphery of the sarcode-nct as w’o may term it, 
broader plates (laminae) of the perpetually-flowing substance are formed, from 
wdiich again new filaments arc pushed out in new directions, as if it were a 
separate Amceha, In the Poltfstomelhe, the long fibres arc seen to converge 
to fonn a pyramidal bundle, and to coalesce into wide laminae at its apex. 
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Dujardin made some precise observations respecting the characters of the 
locomotive variable processes and the rate of movement. In Gromia ovifonnisy 
ho describes a filament to begin as a very fine simple and iinifonn oftshoot, 
which elongates and directs itself in different directions, in order to seek a 
point of attachment ; sonujtimes it oscillates, at others it exhibits a tolerably 
rajnd undiilatoiy movement, or, otherwise, it rolls itself up in a spii’nl manner, 
when the several (!oils coalesce, and a mass is formed capable of throwing out 
afresh other processes, rroportionately to the extension of the filament, its 
substance is added to by an aftiiix of new substance from tlie chief mass, evi- 
denced by the movement of irregular gninulcs, whi(?h give the fibres an un- 
equal and nodose appeiirance. JVloreover, the fibre gives off branches here and 
there at a more or less acute angle, which, in their turn, ramify after the same 
fashion, and establish communications or anastomoses with one another. Olteii 
also films or laminaj of tlie gelatinous substance form at the extremities of 
(jontiguous fibres, whidi extend themselves variously. The filaments retreat 
by an inverse movenu'nt; and this is occasionally so sudden that the end as- 
sumes a button-like termination from the fusion of the mass of matter engaged 
in its formation. 

Tlie expansions of MllioJa, he further tolls us, are six times finer than those 
of Gromidy and the movement of the animal more ra])id ; for during summer 
it moves from about j^j-th to J-thof an inchin an hour. * 6V/.s7^7/r/r/a moves ^th 
of an inch, and Vortlcialh from ^th to ^rd of an inch in a like period. 

The variable processes filso constitute the prehensile organs of the llhizo- 
poda. Any small objects serviceable for nutrition, with which they come into 
contact^ arc laid hold of by them apparently by means of their viscid surface ; 
and, except they arc animalcules of considerable size and power, they are un- 
able to escape. When a filament or, as we may call it \\dth reference to this 
function, a tentacle has so seized it.s prey, adjoining fibres aggregate about 
it and coalesce, a current of the viscous substance sets in towards the spot, 
and very soon envelopes the object by a film. I'lie prey being thus secured, 
the processes sliorteii themselves and draw it towards the chief mass or body 
of the animal, or, otherwise, tlie object seized continues in the same phxcc, and 
the whole organic substance moves towards it, — tlie resul t being in either case 
that it is engulfed. In the AnuMna this prehensile act proceeds as just 
stated; in the Monothalamia and in those Fonrminifera having a large 
opening in the last chamber, the body seized is directed to the large orifice 
of the shell ; but in those having no other than fine pores or minute fissures, 
it would not seem to reach the general mass, but to be used up for the pur- 
poses of nutrition externally to the shell, by a digestive action inherent in 
th# fibres themselves. The mode of entrance, therefore, of food within the 
viscid organic matter, is not so simple and mechanical an act as Dujardin re- 
presented it, but has much more of a vital character. This observer’s state- 
ment was, that the mere pressure of the body of the animal on the surface it 
moved over caused the penetration of foreign matters, which, by subsequent 
extensions and contractions of different parts of the substance, became at 
length completely involved in it. It Avould seem that animfilciil(\s may swim 
about unharmed within the meshes of the sarcode-web, but that so soon as 
they touch one of its fibres, they arc as it were paralysed and incapable of 
further motion, and are consequently drawn dceiier into the net without any 
opposition. Schultze, who has noticed this circumstance, believes it to be 
quite explicable as a simple mechanical act, and no proof of a special be- 
numbing property resident in the soft substa,nco as Ehrenbcrg was inclined 
to suppose. Tood, or indeed iiny extraneous matters, may enter the soft 
bodies of Rhizopoda at any point of their sui-fact* ; i. e. in other words, those 
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animals have no definite aperture for food — no mouth. This absence of a 
mouth, on anatomical grounds alone, involves tliat of an alimentary canal, or 
of a poly gastric structure such as Ehrcnberg imagined, ihe digestive cells, 
so called, of Arcellhui arc nothing more than hollow spaces or vacuoles (XX TI. 
7, 8, 9), which spontaneously and irregularly dcvelopo themselves in the mu- 
cous Barcode substances. They especially make their appearance after the in- 
troduction of food, the particles of which generally appear enclosed within 
them, and to be surrounded by a fluid. In the allied organisms represented 
by Actinophrys, 31. Claparcde states that the pariiclc of food always lies in a 
cavity filled with fliiid — a vacuole, — and that the fluid is of a pale reddish 
colour, vnth dif rerent r(?fractivo powers to those of -water, and is in all proba- 
bility a solvent or digestive fluid. This palc-rcd or reddish -yellow tint of 
the vacuoles is remarked also in Anmbce ; .and the observed dissolution and 
eventual disa 2 )pearancc of organic matters absorbed is a sufficient proof of 
the presence of a digestive secretion. In an Arcella vulgaris, Perty witnessed 
the successive appearance of foiu* vacuoles, each in its turn enlarging from a 
small round to a largo reniforra space, and thereby expanding the dimensions 
of the animal itself. He believed them to bo filled with air, and, like the 
air-bladdoi’s of fisli, to serve to float and turn the animals in the water, when 
free and without solid objects to crawl upon. 

Ehrcnberg states that in some ArceUina, where digestive sacs ” were 
otherwise inrisiblc, they were brought into view by feeding the animals with 
coloured substances. He thus presumed on the prior existence of these cells, 
supposing the colouring ])articlcs to be merely the moans of biinging them 
into view. The true explanation, however, is, no doubt, that the con- 
struction of vacuoles is consequent on the introduction of food, 8nd de- 
pendent on the manner in which the animal substance enfolds the solid par- 
ticles which it has seized. Obsci'v.ation, indeed, proves that the vacuoles 
have no constant and definite existence and position ; for they colla 2 )se and 
disappear when the contents are removed or are reduced to a few fine 
granules dispersable in the common mass. They also constantly shift their 
position, and not imfrcquently make their way to the surface, at which they 
biu’st and disappear. As Dujaidin .also remarks, they sometimes fomn at or 
near the surface, and may even sci*ve as a medium for introducing foreign 
matters into the body. 

Dr. Hailey, in his description of a new species which he names pamphagus, 
represents it as having (although a shell-less Ehizopod) a mouth from which 
alone pseudopodos jirotmdc, and a single stomach ; hence, he adds, it cannot 
be considered How’'ever, no evidence is adduced to support this 

notion of a gtistric c.-ivity ; on the contrary, indeed, the details given s1»,nd 
opposed to such an hypothesis, — for instance, to quote only one, that of their 
being frequently seen transfixed by delicate fibres of foreign matters, and 
moving unharmed uj) and down them. 

Schiiltze states that in Fommimfera very clear vesicles are uniformly 
difhiscd throughout the body, some entirely homogeneous, others finely 
granular, or filled with corpuscles. However, nuclear corpuscles, which can 
be regarded as •cells in the ordinaiy signification, arc never found. This 
naturalist, moreover, indicates the existence of a larger species of vesicles in 
(Iromia oviformis (XXI. 16), containing oilier clear corpuscles, sometimes to 
the number of eighteen, but never strung togethiw ; he believes likewise that 
similar vesicles exist among other Foraminifera, and seems disposed to attri- 
bute to them a nuclear character. 

Ehr(.‘nberg professed to discover in the Polythq.lamia, in ^ach chamber, 
saving the last, an idimertary tube, having a greyish-green colour and very 
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thick. This intestinal cavity, he aflimed, communicated with the cell in 
front, and the one next behind it by a narrower canal — the siphon, — and 
that in this manner a sort of continuous moniliform intestine was produced, 
extending from the primary to the j)cnultimate cell. He adds that, after the 
solution 'of the shell of Nonionina Germanica by dilute acid, various silicious 
Infusorial shells could be seen within this digestive tube, as far back in the 
animal as the first chamber. Moreover, he was fortunate enough to bo able, 
after the dissolution of the shell of liotalia by acid, and by proceeding verj^ 
gradually, to sot free an internal, spiral, jointed body, the segments of whicli 
were stmng together in Nonionhia by one, and in Oeoponm by from 18 to 
20 tubes (siphons) ; strong acids destroyed the shell so rapidly that the con- 
tained delicate body became broken up into many insignificant fragments. In 
none did he succeed in introducing coloured food. This digestive apparatus 
others have sought in vain in the Fornminifera. The spiral articulate body 
extracted by the lleiiin naturalist from the shell, was undoubtedly nothing 
more than the soft animal contents, somewhat acted on by the acid, such as 
Schultze has pictured from the cavity of a Miliola (XXI. 24). 

llespecjting the penetration of food to the primordial chamber, which Ehrcn- 
berg imagined he had seen in Nonionhia^ Hchultzc observes that, among the 
many beings ho hjis examined, he hiis not detected nutritive matters further 
back than the second or third cell. 

The substances received from without, after having served their purpose 
within the gelatinous body of Rliizopoda, make their way outwards and 
escape from any ])art of the surface, — an anus being, like the mouth, pro- 
duced temporarily, at any point whatever, where matters present themselves 
for discharge. 

The materials taken within the body of Kliizopods are most heterogeneous ; 
no selecting power being displayed by the animals, various Ciliated Protozoa, 
fragments of the filaments and spores of Algm, frustulcs of Diatomeoi and 
DesynidietVf even Rotatoria, fall a prey : but along with these, from which 
nutriment may be extracted, arc other substances wdiich Cfin be supposed to 
serve no useful purpose ; such are particles of sand, morsqls of woollen and of 
cotton tissues, and the like. The introduction of particles indiscriminately 
is explicable from the mode in which they are ca])tured by the filamentary 
arms, which seem to act in a prehensile manner, on feeling the contact of any 
foreign object, bo that what it may. 

Dujardin threw doubts upon the nutritive pui’posc of the solid objects 
swallowed, and supposed the act of nutrition consisted in the simple imbibition 
or endosmosis of fluid from without. ‘‘ It is,” he writes, “ difficult of belief 
that these included particles, by reason of their consistence and the unaltcr- 
ability of many of them, can serve to nourish the A^ncebie ; yet, whilst admit- 
ting that they are nouiished by absorption, I would not deny that they may 
find means of still more readily appropriating nutritive materials, by swallow- 
ing various foreign bodies, and by so increasing their absorbent surface.” The 
evidence of direct observation, however, is in favour of the conclusion that 
the substances received within the simple animal mass actually afford ma- 
terials for its nutrition. The contents are ever changing and "making their 
exit from it ; and an act of digestion or of solution is perceptible — slow, indeed, 
even when soft Ciliated Protozoa arc the subjects. Thus animalcules, when 
within the sarcodc mass, are first compressed into small balls ; the distinct- 
ness of their parts then fades, and they are presently converted into small 
gelatinous globujes, which in due course disappear, from amalgamation with 
the enclosing substance. Where the included body consists partially of 
insoluble material, this remains behind in the form of fine granules, or, in 



210 


GENERAL HISTORY OF THE INFUSORTA. 


tho case of the silicious-enveloped DiaioMecBy the dense skeleton, emptied 
of its organic contents, continues visible for a longer or shorter time. The 
robbing of the frustiiles of liacillaria, and the appropriation of their coloured 
endochrome, has been referred to in the foregoing remarks on tho colouring of 
Rhizopoda (p. 203) by the green colouring-matter of plants. 

The Rhizopods Bailey describes were met with in a vivarium, into which 
“ bits of boiled beans and potatoes had occasionally been introduced as food 
for other animalcules ; on the application of tincture of iodine to these 
animals, a distinct blue colour was often seen diffused over the whole surface 
of many of the grains of sand in their stomach.” 

The above facts — to which we may add another, viz. that the abundance of 
granules in the interior is in direct proportion with that of food — furnish 
sufficient proof of the occurrence of a digestive faculty, and of a power of 
assimilation among the Rhizopods. This implies the existence both of a 
digestive fluid, and of a secretory function ; the latter, too, is further ex- 
emplified by the production of shells in the majority of the class. 

Auerbach (qp. cit, p. 422) distinguishes two leading varieties of granules in 
AmcehcB : — one of a pale colour and finely divided, and either soluble in 
alkalies and acids, and turned brown by ioefine, or, more rarely, insoluble in 
alkalies; the other, dark in hue, strongly refracting, and usuaUy corre- 
spondent in number and relative size with the animalcules to which they 
appertain. These latter have the aspect of fat-molecules ; are spherical or 
elliptic, or at times crystallized in a rhombic form ; and they are easily soluble 
in cold alkaline solutions, and more slowly so in concentrated acetic and sul- 
phuric acids. In one species, A. btlimhosa, he met with starch globules ; but 
these were probably of extraneous origin. 

Movements of contained particles. — ^Eveiy^' movement of the mucous sub- 
stance of Rhizopoda is accompanied by one of the granules, and of the small 
vesicles or globules contained Rdthin it. This motion of the contents follows 
a ceitain course, and is especially observable in tho outstretched variable pro- 
cesses. Schultze thus describes it in the large Amoeba poi'recta : — ** A continued 
current of the granules, imbedded in the contractile substance, accompanies all 
these phenomena (viz. of polymorphism ') ; and, in the processes, this current 
follows two directions ; thus the globules may be seen advancing on one side, 
towards the end of the process, when they turn round to the other, and arc 
carried Avith a comparatively more rapid motion back towards the base of the 
filament, where they are lost in the substance of the body, unless they happen 
to meet another stronger stream by whicli they are reconveyed through the 
same circuit.” A precisely similar phenomenon is witnessed in the testaceous 
Rhizopods. Thus in Oromia oviformis, Schultze says, the granules are seen 
to depart from the substance within tKc shell to the end of the filaments, and 
thence to return again to the point from which they set out. This circula- 
tion goes on in every process ; but it is in the broader filaments, containing 
numerous granules, that tho double stream is chiefly visible : for in the finer 
ones, whose diameter is often less than that of some of the corpuscles, it is 
more rarely seen ; in fact, in the latter the granules seem not to bo included 
within the substance, but to be transported on the surface. Oftentimes a 
corpuscle, on arriving at a point whore a fibre bifurcates, is arrested for a 
time, until drawn into one or other current, — ^whilst at the bridge-like con- 
nexions between adjoining filaments, where the granules pass across from 
one to the other, it not unfrequcntly happens that they are transferred from 
a centrifugal to a centripetal stream, and are consequently t\imod back again 
towards the body. Moreover, in the broader processes, granules are observed 
to come to a stand, to oscillate for a time, and at length to take a retrograde 
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course. Since thei*e is no appreciable distinction of tissues, not even of 
integument and contents, the existence of vessels to account for these cur- 
rents cannot be presumed. 

A curious exception appcai-s to exist in Gromki Dujardhiii, the filaments 
of which exhibit no granules, but are perfectly hyaline, and moreover show 
no circulation. In their transparency, Sehultze rcmiuis, they resemble the 
processes of Arcella and Dijfftugia, and so also in the matter of breadth, but 
differ by their greater length, their finely-j3ointcd extremities, and by their 
frequent ramifications. This species has also in its principal mass peculiar 
corpuscles, round, oval, or irregular in figure, with a sharp outline, and of a 
brown colour, diflFering from all other known elementary parficles in chemical 
reaction, in resistance to alkaline solutions, and to mineral acids, even to 
sulphuric. 

Amid the many shifting corpuscles and small globides is a large vesicle, 
constant in position, altcmatcly collapsing and dilating, and hence called the 
contractile vesicle (XXII. 4, 5, 0). This organ, which is homologous with 
the pulsating sacs of Ciliated Protozoa, has not been remarked by every 
obscrv’^cr, nor in many of the Khizopoda; nevertheless we presume it to be 
an essential organ, and its existence general in the class. In Arcella a con- 
tractile vesicle has been seen by many; in Acthiophrys Sol, Clapar^dc has 
satisfactorily proved it a tme sac, having a resistant membranous wall, and 
has counted as many as ten such vesicles in Arcella vulgaris ; Auerbach treats 
of the vesicle as general among Amcebcea; on the other hand, Sehultze 
was unable to discover such an organ among the many Foraminifera he 
examined. 

Nucleus. — Another definite body is mostly discoverable in Khizopods, viz. 
a nucleus in the form of a more or less rounded or oval body, more opaque 
than the rest of the contents, and consequently more solid in appearance 
(XXII. 4, 5, 9, 16, 20). In Anwelm and Arcella, Khrenbcrg and Siobold 
admitted the existence of a nucleus ; Schneider says that Amoeba diffiuens 
and A, radlosa possess one, that a round reddish nucleus having a white 
nucleolus is present in Diffiugia at its hinder end (XXI. 19 a, b,f), and 
that probably all the Rhizopoda have such an organ. Kbllikcr, to whose 
hypothesis of the cell-nature of lihizopods the recognition of a nucleus was 
of much importance, remarks, with respect to the nucleus, it really appears 
to be present in some of them (see Ehrenberg’s figures) ; and where it is want- 
ing, as in Actinophrys, a true nucleus may have existed at an early period, 
and be absent only in the fiill-grown animal, or, again, it may be entirely 
wanting, and still the animal bo regarded as a cell.” 

Claparede, on the contrary, denies a. nucleus to the naked Rhizopoda, at 
least to Amoeba dijjluens; and likewise to the testaceous species, such as 
Arcella. However, ho admits that the usual opacity of the shell is an 
obstacle to an accurate determination of the question, and remarks, concern- 
ing the foregoing supposition of KoUikor, that there is no evidence of its 
truth, and no foundation in fact. 

Sehultze has encoimtered an undoubted nucleus in nine different species of 
Amceha, in Difflugia proteiformis, D. acuminata, and D. Helix, in Arcella 
vulgaris and several species of Euglypha. In Qromia oviformis a round, 
clear, delicate body filled with very transparent small vesicles may always 
be found. In old Ml-grown individuals not one but several such bodies are 
seen at the posterior part of the animal, all of equal size and of similar struc- 
ture (XXI. 12, 13, 14). In one specimen as many as eighteen of the8(^ 
nuclei were counted. In young small Oromice only one nucleus is seen; 
in a solitary instance two were found. 
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In Diffiuyia proteif or mis usually several (8 to 12) nuclei are perceptible, as 
in Oromia oviformis, in the posterior portion of the shell. 

The nuclei of freshwater ilhizoi) 0 (is either appear to bo homogeneous deli- 
cate clastic globules, here and there fintily granular, or they resemble the 
nuclear body of Oromia oviformis, and consist of a group of small vesicles or 
globules enclosed by a common membrane (XXI. 14). 

The single nucleus of young beings, Schultzc supposes to bo derived from 
the parent animal ; and he further presumes that, in the course of age and 
growth, this organ is capable of multiidying itself, and may, moreover, serve 
as a centre around which the fine granules of the living contents aggregate, 
and tliat, after the formation of an enclosing membrane, an embrj’o is generated 
from it. On the other hand, this careful observer was not able to discover a 
nucleus in Foramimfera, and admits that the above suppositions are highly 
doubtful. 

Jn a large specimen of Oromia Dujardinii, Rchultzc met Avith certain en- 
closed bodies, having a firm shell and ginnular contents, and only wanting 
a mouth to comjilete their resemblance to the parent animal (XXI. 18 a, b). 
He also cites, as still more questionable exjimples of a nucleus, a clear spot in 
the first chamber of llotalia veneta, and in Textilaria 'picia, a fincly-granular, 
solid, and nucleariform body in each of the two last cells (XXI. 32). 

On this point, the presence of a nucleus in Foramimfera, we have the state- 
ment of Ehrenberg, that in each coll, except the last, there is a coarsely 
granular yellowish brown mass, which represents an ovary in stnicture and 
function. Unfortunately, however, the Berlin microscopist stands alone, both 
in tliis observation and in its pendent corollary. Ur. Carpenter uses the 
word nucleus to signify the pnmordial mass of sarcodo seen in thc^ first 
cell, of which all the subsequent chambers and their contents may b(5 deemed 
the offshoots. 

Scattered among the amorjfiious granules of the sarcodo iire, for the most 
part, numerous refracting corpuscles of less size than vacuoh's, which are 
soluble in ether, and therefore concluded to be fat-globules (XXI. 14 -Id). 
There arc also other molecules dissolved by caustic potash. It is these 
various globules and granules that some observers have esteemed to be ova, 
without, however, Jiny countenance from facts for the supposition. 

To recur to the naked llhizopoda, Auerbach, in the essay before quoted, 
attributes a nucleus to the Amoehma in general. Ho remarks that the 
solid-looking organ, of a dull asi)ect and commonly spherical figure, noted 
by certain authors in some Amcehcr, is rather the nucleolus than the nucleus, 
and that the latter is perceptible in the form of a hollow space, oftentimes 
having a glistening rosy hue, which surrounds the other like a sac (XXII. 
4, 5, 9, 10, 11). This sac is sometimes visible as a dark areola, but at others 
requires the operation of chemical reagents to reveal it, or wiU manifest itself 
in dead specimens when all the ordinary vacuoles have disappeared. At 
times, both it and its nucleolus have a dumb-beU figure, and thereby indicate 
the occurrence of the process of self-division. A similar nuclear sac is men- 
tioned by Schneider. 

As to its chemical relations, Auerbach found that both nucleus and nucleolus 
were readily soluble in alkalies, and that they became darker in dilute acetic or 
sulphuric acid, wliich also caused the precipitation of a finoly-granular matter 
in the vesicular or saccular nucleus. In concentrated acids they first expanded, 
and w’cre subscciuently dissolved. The generally- assigned character of the 
nucleus, viz. that it becomes darker on the adition of acetic acid, is true 
only when dilute acid is used. 

Auerbach discovers a nucleus and nucleolus in Arcadia, similar to those 
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of Amoehasy often displayed when, by a fracture of the shell, the animal eon- 
tents escape. The nucleus has the fonn of a thick- walled sac, and encloses a 
large nucleolus. But it is remarkable that, whilst one or at most two nuclei 
only are discoverable in Avicehttiy several such organs lire fre{|uently present 
in Arcellce, their number being in direct proportion with the magnitude of the 
animals. In lai’ge specimens, of in (liaineter, above 40 such nuclei have 
been encountered. 

Reproduction of Riiizopoda. — ^This function is not satisfactorily made out, 
especially in the case of the Fommimfem ; what is known will best be de- 
tailed of each family separately. 

Among the Amebirui self-division has been noticed by Ehrenberg to occur 
in {\\Q Amoeba pmiceps\ and Dujardin reimirks that ‘Hhey may doubtless 
multiply by spontaneous lission, or by the throwing off a lobe which imme- 
diately commences an independent existence.” This separation of a portion 
of their substance is not unusual, as, when a large variable process has been 
shot out far from the chief mass and become enlarged at the extremity, the 
expanded end retains its position, wliilst the portion connecting it with the 
body becomes finer and finer by being ^vithdrawn into the parent mass, until 
it at last brefiks across, leaving a detached jjiece, which immediately on its 
own account shoots out processes, and manifests an independent existence'. 
This phenomenon is therefore one of simple detachment, and cannot rightly 
be called a process of fission. Schneider terms it propagation by gemma- 
tion,” and supposes it attended by a division of the nucleus, of which every 
such offset, in his opinion, includes a portion. This same observer further 
states that AuudKi has actually a “ state of rest ” (/. e. an encysted condition). 
He observed it first to become round, and then to form a firm membrane on 
one side, whilst the other 2 )ortion continued its 2 )cculiar character and move- 
ments. By degrees the membrane extended itself over the whole body, the 
moveable portion coiistautly becoming smaller, until at last a completely- 
closed cyst wjis i)roducod, in the chnir intcrioi* of whidi a round nucleus, 
with a reddish halo, exactly like that of Polytoma and other Monadhuiy 
might be distinctly observed. He adds — “ In the nucleus of Amoeba 1 have 
often noticed on the outer surface of the reddish halo, granulations which 
united to form a closed membrane, whilst at other times the nucleus exactly 
resembled that of Polytoma ” (i. e, W'as without an enclosing membrane). 
What is the next phase of development following this encysted stage, 
Schncidei’ hsis notliing to show. 

If Lieberkulm’s observation be correct, a most extraordinary relation sub- 
sists between Amoebce and Greyarinmy involving the existence of the former 
£is a distinct class of animated beings. This observer saw the production 
of Amoebce from NavicelloHy the origin bf which from Gregarince is as good as 
proved ; and also met with such Anwebca in every transition to perfect Gre- 
yarince. This fact is alluded to in a pai:)or by Kblliker (J. M. IS. i. p. 212), 
who believes the AyiyuillulaAikc animal noticed by Hcnle, and termed by 
Bruet Filar kiy to be an Infusorium idlicd to Opalina Proteus^ and goes on 
to say that the transition of this presumed Ft lari a into a Greyarlna- and 
finally into a Wrt viccWa-rcceptacle is nothing extraordinary. Adcrbach asserts 
the encysting jn’occss to be shared in by the Amoebim along with other 
Infusoria ; but he looks ui)on Schneider’s recorded instance as an erroneous 
concci)tion of a specimen clearly enveloped by an integument. 

Monathalamia would seem capable of multiplying themselves like the 
Amoebhui, by detaching portions of their substance, i, e, by a species of gem- 
mation. Peltier has described this occurrence, although Ehrenberg failed to 
detect it. 
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llcproductioii by positive complete fission is opposed by the existence of 
the shelly which is a product from the surface of the animals adapted to their 
outHne, and increasing only in proportion with the augmentation of tho 
animal substance. 

The cohesion of two or even more ArcelUna by means of their gelatinous 
substance, and often with tho near approximation of tho orifices or mouths 
of their shells, has been remarked by many observers, who for tho most part 
have pronounced it a sort of ‘‘ conjugation,” a true reproductive act. Cohn 
has indeed designated it copulation,” and states it to be a general phe- 
nomenon among Khizopods. He affirms that he has many times seen two 
JMfflvgite with the mouths of their shells so firmly connected, that strong 
shaking of the water about them failed to detach them ; and that likewise 
one shell was often empty, and the contents of the two aggregated into a 
globular mass in the other. Leclerc, tho first descriher of Diffiugice, in 1 815, 
noticed a like cohesion between tw'o individuals of Helix ; and Cohn, 

moreover, is able to confirm the fact represented by Perty of the cohesion of 
a brown and of a pale shell together. 

Schneider has likewise noticed this adhesion of two animals, and thus 
speaks of it : — ‘‘ Tnie double animals of Dijffliigkt EncJielys are frequently 
met with (XXL 19/), two bodies with membranous cases and nuclei being 
attached to a common foot. The foot veiy often consists only of a thin 
thread, but in other cases it exhibits all the foinis which have been described 
as belonging to the foot of the simple animal. Both bodies arc well filled 
with food. Three, four, or five bodies arc frequently seen hanging together 
in the same manner ; these, however, arc by no means in the same plane, 
but stand out from the foot in various directions. If these animals are ob- 
tained in considerable numbers, the fonnation of those colonics by gemmation 
may easily be obseiTcd. The foot is seen gradually to increase in size, and 
acquire an oval form. A new investing membrane and nucleus are then 
formed. The offset is always equal to the parent-animal in size. Like the 
foot of a single animal, the common foot of two or more is, as might be 
supposed, still in a condition to form offsets.” This adhesion Schneider 
I)refers to consider nn act of gemmation rather than of copulation, and sup- 
poses its occurrence among other llhizopoda. He adds, with Perty and 
Cohn I have also seen a pair of the Arcella vulgaris attached to one another 
by their openings, of which one (as w'as observed by those naturalists) was 
provided Avith a white, the other with a yellow shell. The white shell is 
probably newly formed, and therefore indicates the young specimen produced 
by gemmation from its companion.” 

An aggregation of t^c animal contents of a Monothalamous shell, such as 
Cohn noticed in one of the two coherent Diffiugice and attributed to an act 
of conjugation, Schultzc has seen in Khizopods, quite independently of that 
phenomenon. In Lagynis Baltica, he states he has frequently seen the con- 
tents collected into a ball, having a clear speck in the centre, and situated at 
the posterior end of tho shell, without trace of extended fibres ; and he adds, 

the origin of this globular mass may be followed in a great number of 
individuals. The posterior portion of the transparent body of tho actively- 
moving animal gradually becomes darker, owing to the advancing develop- 
ment of numerous molecular and strongly refracting particles. In the midst 
of this dark portion a clearer spot is alw^ays visible, although it cannot be 
isolated or more intimately examined. By degrees the dark portion en- 
croaches upon the entire substance of the body, and at last fills up the whole 
posterior poriion of the shell, the body of the animal thus seeming to shrivel 
up into the ball-like mass described.” This process, observed in numerous 
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individuals in different stages, Schultze never saw accompanied by a con- 
nexion between two animals ; and he was not able to discover what subsequent 
changes awaited the spheric^ body produced. 

The phenomenon just considered appears to us to bo analogous to the 
encysting process recounted by Schneider in the case of Amceha^ and by 
Stein in so many Ciliated Protozoa. 

Two other probable modes of reproduction are briefly noticed by Schneider, 
but require to have their existence confirmed by further observations. “ I 
have observed,” he says, another mode of propagation in our Dlfflugim ; 
and although my obsciTations have certainly not been frequent, they have 
boon sufficiently satisfactory. After 1 had kept a great number of these 
creatures for some weeks in a clayey sediment, the substance of the body 
in aU the individuals contracted into a ball. All foreign substances had 
previously disappeared. The ball, which had a fatty outline, then divided 
into two and four parts ; but the nucleus could not be traced during this pro- 
cess (XXI. 19 d, e). This investing membrane fell to pieces, and the littlo 
spheres which may perhaps be regarded as four quiescent spores, were no 
more to be seen. 

“ Whether another circumstance observed by me has any connexion with 
the reproduction of Dijp^ugia must be ascertained hereafter. In all the 
individuals of Bijfflmjia contained in one vessel, the substance of the body 
became conv(irtcd into granules closely packed together, the form and the 
investing membrane being retained (XXI. 19 c). I often saw these granules 
in quick molecular movement in the interior of a sac, which appeared to be 
formed from the outermost layer of the body, but I watched in vain for any 
issue to this ; after moving about for about half an hour, the granules always 
became quiescent again.” 

A note by Perty must not bo omitted, although no considerable importance 
can be assigned to a solitary and ambiguous observation. That naturalist 
tells us he “ once saw two round motionless animals within an Arcella vid~ 
garis, each having a much greater diameter than the mouth of the shell con- 
taining them. Were these,” ho asks, young beings to bo set free on the death 
of the parent and the breaking up of the shell ? ” A somewhat similar fact 
is recounted by Schultze of Gromm Dnjardhiil, in one large specimen of 
which he found several oval bodies enclosed possessing a firm envelope and 
granular contents, and representing in every respect young Crromia, except 
in having no evident opening in their shell, which, hoAvever, may possibly be 
formed when set free from the parent (XXI. 18). 

That the purpose of the nuclear bodies in Gromia ovifonnis (see p. 211) is 
not connected with the function, Schultze feels compelled to assume, princi- 
pally from the absence of such nuclei in Khizopoda generally, and from his 
having failed to observe their undergoing those changes knowm to occur in 
true nuclei when the generation of new individuals is in progress. 

Young Arcellina, when first recognizable as such, have the general form of 
older inffividuals ; but their shells and tissues are much more transparent, and 
at first colourless and without granules. But it is very probable that the 
young of many Arcellina, when first thrown off from the parc&t, are naked — 
destitute of shell, — a view supported by an observation of Cohn, who records 
having seen, amid the slimy matter about living Diffiiigicey a large number of 
peculiar animalcules consisting of a contractile greyish or brown finely- 
granular substance, about ^th of a line in diameter and upwards, of ajroimd, 
ovoid, or angulqr outline, and having a muco-gelatinous envelope, through, but 
chiefly at one end of which several fibres were extended. At a still earlier 
])eriod these young beings may therefore be presumed to have been mere 
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sarcode-likc particles or minute Amcebce. If this be so, some ground may be 
said to exist for the hypothesis of certain naturalists, who esteem the ArcelVmay 
and even the Foraminifera, to be a more advanced stage of existence of the 
simple naked Amvehina. 

Schneider hints at the possibility of a still greater transformation in tlie 
case of his Difflmjia Eiwhelys, He writes— “ A Khizopod occurred in com- 
pany with Polytoma (see p. 136), the description of which ^viU show how vciy^ 
readily it might be supfiosed to be produced by a metamorphosis of the latter 
animal. Unfortunately I cannot confirm tliis supposition, and must coniine 
myself to recording the fact.” 

Foraminifera, — It is very questionable whether the Many-chambered Khi- 
zopods can reproduce themselves by olfshoots after the manner of Amoehhm, 
• and Monothalamia ; and, in short, nothing certain is known as yet of the 
modes of propagation of this family. 

A grouj) of figures occurs in Schultze’s illustrations of Polystomella (XXI. 
39) which bear on this point of the possible production of new beings by de- 
tachment of sarcodc matter. The description of the figures informs us that 
some of the sarcode-globulcs, separated from the chief mass by pressure, have 
the tendency and power to throw out from themselves contractile variable 
processes. They (exhibit a finely-granular delicate semifluid tissue, contain- 
ing many ilat globules and large coloured vesicles. Other portions, pressed 
from the general mass, are almost exclusively composed of colouring-particles, 
derived from the inmost part of the shell; such become entirely free, or 
otherwise continue attached by a sort of pedicle. 

In the folloAving examination into the modes of development of Polythaiamia 
wo arc greatly indebted to Schultze’s valuable monograph. Uujardin men- 
tions seeing in some Tmncatidinoi the grouping of the contents of the ch um- 
bel's into spherical masses, comparable to the green boih’cs in Zyynema, 
Schultze, moreover, 'encountered, in a deposit of living Foraininifera, along 
Avith numerous empty shells of llotalidce, several wholly or j)ai'tly filled Avith 
black globules, the appearance of which suggested their connexion Avith the 
reproductive j)roccss. . Repeated observation shoAved that these globuhis 
diflered in size, but mostly had the diameter of tho siphon intervening bc- 
twt^en the several chambers, or of that of the opening of the last cell. They 
oceux^ied either every segment of the shell, Avhen those of the innermost Avere 
smaller than those of the outer comx)artments, or othenvise they occurred in 
only one or tAvo of tho ultimate chambers. Evciy" intermediate condition 
Avas met Avith betAveen these tAA'o extremes. The globules were composed of 
a collection of dark molecular corjiuscles not enclosed by a membrane, but 
proAxd by pressure tcv be an aggregation, held together by some sort of 
delicate tissue. They Avcrc unacted oh by sulxfliuric, nitric, and by hydro- 
chloric acid, and by boiling alkalies. 

The ordinary animal substance coexisted in some of the chambers of an 
animal when others Avere occupied by these black balls ; but in such instances 
no outstretched fibres A^-ere seen. These structures must be derived cither 
from without as foreign matters, or otherwise be the result of a metamorphosis 
of the sarcodo* matter. The former supposition is discountenanced by their 
ai)X)earancc, by their resistance to reagents, and their presence even in the 
inmost chambers. On the latter supposition they are either tho result of 
decomposition of the substance, or they are physiological products, probably of 
Uie transformation of tho entire body into germinal masses. The former origin 
IS opxmscd by the direct observation that such bodk'S have never been en- 
countered among Fornininifera in course of breaking up or of decomposition. 
As to the second mode of origin, they bear an analogy to tho germinal 
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elements of Gvtfjarhwn, viz. to the Navicellce developed from the contents 
of those animals, and to the brood of germs developed out of the contents of 
an encysted Vorticella ; and it may so happen v^ith the Foraminiferay that 
their entire substance is resolved into germs ; indeed, a progressive formation 
of such germs is intimated by the circumstance of the ultimate chamber being 
the last to become completely emptied. 

Although, therefore, the figure and size, the peculiar and successive empty- 
ing and distribution, the eWdent periodical appearance in the spring, and the 
analogy of other Protozoa speak for the hypothesis of these globules being 
reproductive germs, it must, on the other hand, not be concealed that their 
peculiar composition out of granules imperfectly bound together and enclosed 
by a membrane, and their remarkable resistance to the strongest acids and 
alkalies, are facts opposed to this supposition. Hoping to elucidate their 
purpose, Schultze, in some few ctises, isolated those shells filled w'ith these 
black balls, but, after keeiiing them several weeks, could discover no change 
in them. 

Ehrcnberg surmised that the Pohjihcilamia propagated by ova, and thought 
he perceived in them a sexual apparatus. ()n the surface of tlic shells of 
some samples of Geojyonus (Polf/stoinella) and Nonionina, from Cuxhaven and 
Christiania, he discovered stalked, yellow, membranous sacs, whicli ho repre- 
sented to be ova-sacs. When first thrown out they were soft and small, but 
soon swelled up and hardened in the water. Schultze also met with many 
specimens of Gcoponus, at Cuxhaven, having Cothurnice affixed to their shells, 
and of a yellow colour, which he bcHeves Ehrenberg mistook for ova- cases. 

Being so unsuccessful by direct observation in his attcmi)ts to detect the 
method of reproduction among Foraminifera, Schultze endeavoured by an ex- 
amination of these beings in their earliest recognized form to gather some 
knowledge of it. The smallest and youngest b(>ings ho met with belonged to 
the fainilics liotalnUn and MiliolidcB. Tliose of the latter family have a non- 
porous shed], and a spherical figure exhibiting the commencement of the spiral 
winding which eventually extends to several turns (XXI. 20 a, h). The sludl- 
contents are quite colourless, and present few granules. As the spiral wiuding 
advances, the contents of the first-formed orbicular cell acquire a darker colour 
from the aj)pearance of fat-drops and sharply-defined protcine corpuscles ; and 
the shell simultaneously assumes the characteristic yellow colour. The differ- 
ence ill size of the primary cell in different species is remarkable. Still younger 
forms of Rotalidoi occurred to him, 0*01 of a line in diameter, spherical, and 
colourless, mth a delicate glass-like calcareous shell, through the fine open- 
ings of whitdi fibres protruded. Others also, entirely colourless, had a second 
chamber superposed on the first, or even three or, four ; but in the latter 
instances the characteristic yellow Rue made its appearance, and rapidly in- 
creased on further growth (XXI. 31). A striking variety was, moreover, 
remarked in the size of the first chamber, even in the same species ; the 
dimensions of the second and third cells were determined by those of the 
first. This great variation in size considerably lessens the possibility of the 
certain specific determination of young specimens. 

From these researches it follows, that in MilioluhK and Rotalidce, and pro- 
bably in all other Pohjthalamia, the first appearance of the animal is in the 
form of a colourless sj)herical mass, invested by a delicate calcareous wall, — 
the mass consisting of a homogeneous, sparingly-granular Amceha-hoi^Y, This 
first-formed cell has the facultj^ of producing others like itself from those 
portions of itsj sarcode substance. 

Of the manner in Avhich successive chambers are formed, we learn from 
Dr. Carpenter that the addition of new zones (in the PolythaJnmia) probably 
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f fllrttH place by the extrusion of the sarcode through the marginal pores, so 
as to form a complete annulus, thickened at intervals into segments, and nar- 
rowed between these into connecting stolons, the shell being probably pro- 
duced by the calcification of their outer portions. 

Since the above account was written, Schultze has produced a supple- 
mentary sheet detailing further observations on the development of Forami^ 
niff era {Berklit der Naturforschemlen Gesellschaft in Halle, 11th August, 
1 ^ 5 ). 

Having met with some large specimens of Triloculina J-'" in diameter and 
without a tooth in tlio oral aperture, he kept them for a length of time under 
observation. Tliose which remained adherent to the sides of the glass vessel for 
eight to fourteen days mostly became invested with a brownish sUmy matter, 
which more or less comjjletely obscured the view of the external characters of the 
shell. After some more days had elapsed, the lens brought into view a num- 
ber of small, round, sharply- defined corpuscles, which loosened themselves from 
the soft enveloping mass, and gradually diverged from one another until some 
forty were visible. On removing these, and placing them under the microscope, 
they proved to be young MilioluU^, with their process outstretched. Inter- 
nally, neither vacuoles, cells, nor contractile vesicle, nor a nucleus could be 
detected. 

The brief abstract of Dr. Cai’pentcr^s elaborate essay (read before the Royal 
Society, 1855) furnishes us also with the following memorandum of his views 
regarding the reproduction of Foraminifera, with especial reference to 
tolites, “ He is only able to suggest that certain minute spherical masses of 
sarcode with which some of the cells arc filled may bo gemmules, and that 
other bodies enclosed in firm envelopes which he has more rarely met with, but 
which seem to break their way out of the superficial cells, may be ova.” Mr. 
Jeffrey’s views {Proceedings of lioyal Society, 1855) do not quite coincide. 
Dr. Carpenter’s ‘‘ idea of their reproduction by gemmation,” he says, “ is also 
probably correct, although I cannot agree with him in considering the granules 
which arc occasionally found in the cells as ova. These bodies I have fre- 
quently noticed, especially in the Lagence ; but they appeared to constitute the 
entire mass, and not merely a part, of the animal. I am inclined to think 
they arc only desiccated portions of the animal separated from each other in 
consequence of the absence of any muscular or nervous structure. It may 
also be questionable if the term ‘ ova ’ is rightly applicable to any animal 
which has no distinct organs of any kind. Possibly the fry may pass through 
a metamoq^hosis, as in the cose of the MedmeeP 

Of the many Amoehce seen in company with Foraminifera, the A, porreeta 
is particularly remarkable, and might easily pass for one of the latter when 
young and destitute of its shell ; for its processes resemble those of Miliolidcs 
and Hotalidce in delicacy and extensibility and in the current of granules 
which passes through them. This circumstance suggests the possible deriva- 
tion of testaceous Rhizopoda from the naked forms ; and if we recall to mind the 
black globules sunnised to be germs, their primary transformation into Amcehce 
is imaginable, and the whole cycle of development of Foraminifera becomes 
thereupon explicable. ‘‘ However, I must,” says Schultze, confess that this 
change of the black spheres into Amoebm is a further argument against their 
na,turc as germs, since between these granular bodies, so unaffected by che- 
mical agents, and Amoehce no intermediate link is discoverable. 

^ Of the Shells of Testaceous Rhizopoda. a. Shells of Monothalamia. — 
Ihe family ArcelUna (Ehr.) corresponds in most points with the section Mono~ 
thalamia of Schultze. The Berlin Professor, however, believed that his family 
Arcellim and the Pohjthalamki belonged to entirely different classes of ani- 
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mals^ because, as he supposed, the Polythalamia are aggregated animals with 
calcareous shells, and the Arcellina solitary animals with a silicious testa. 
Subsequent researches prove, on the contrary, that all these differential cha- 
racters are wanting. Each foraminiferous shell contains a solitary inmate ; 
and although, as a rule, of a calcareous composition, yet a genus, Polymor- 
phina, is pointed out by Schultze, which, as in tho instance of Biffiuyia, has 
its testa made up of coherent silicious particles (XXI. 38). Besides all this, 
the shells of Arcellina are not silicious, but of a chitinous nature, and the 
basement membrane in whicli the earthy matter is deposited in Foraminifera 
is tho same. These circumstances, together with the homology in tho animal 
contents both of Monothalamia and of Polytlialamia, the absence of the hypo- 
thetical polygastric organization in the former, and of tho imaginary internal 
structures in the latter, render Ehrenberg’s distinction of the two families as 
separate classes untenable. 

The Arcellina of Ehrenbcrg, and the Monothalamia of Schultze, do not en- 
tirely accord in respect to the genera grouped under them. Ehrenbcrg in- 
cluded in his family tho genera DiJJlugia, Arcella, Cyjyhidiumf and Spirillina. 
The last-named genus d(?parted much from tho others by having a maiine 
habitat and a convoluted, spiral, porous shell, — its only real relationship, it 
would seem, being comprehended in the one assigned feature, its silicious 
lorica. On the other hand, Schultze (see tabular view of his system, p. 241), 
by not employing tho clicmical constitution of the shells as a distinctive cha- 
racter, includes among his Monothalamia calcareous, membranous (chitinous), 
and such silicious shells as are exemplified by Difflwjia, The essential cha- 
racter cmploy(;d is that of the unilocular chamber ; for the other nearly general 
feature, viz. the presence of one considerable orifice, is departed from in the 
instance of the porous shell of Orhulina, 

Tho shells of Monothalamia are of a more or less spherical figure ; some- 
times they arc ovoid (XXI. 11, 12, 16) or pyriform (17), at others compressed 
in one or other direction (XXI. 8), and even at times in opposite directions, so 
that >cvcral faces arc produced. Thus in the genus DiJJliiy ia the spherical out- 
line prevails (XXI, 10) ; the shells arc globose, or subglobose, or elongated in 
a pear-shape (XXI. 17), or in a club-likc (clavato) manner ; in Arcella they 
arc frequently compressed, and assume a more or less discoid figure, mostly 
convex above and flat beneath (7, 8, 0). In Gromia, again, the ovoid or glo- 
bular shape is diversified by the elongation of the portion about the mouth 
of the shell into a sort of neck (16). In Layynis (Schultze) this tapering of 
the oral end developcs a retort-shaped shell. In S(/uamulina (Schultze), again, 
the testa resembles a plano-convex lens. An exceptional form is described 
by Ehrciiberg, under the name of Arcella dispheera, ^is oblong, almost divided 
into two by a central constriction. ’The first impression would bo that the 
sui)posed species was no other than two animals coherent by the mouth of the 
shell ; that such, however, is not tho case is indicated by the next clause of 
the description — that one segment is nearly occupied by the large foramen. 
Another example of a remarkably-formed shell is afforded by Cyphidium 
(XXII. 24-27), which Ehrenbcrg states to be cubical, with large protuber- 
ances, giving it in some positions a four-sided or an irregiilaf figure. Again, 
in the genus Spirillina (Ehr.) (XI. 37) and Cornuspira (Schultze) (XXI. 25), 
we have examples of spiraUy-roUed equilateral shells, like those of Planorhis, 
In consistence the shells of most Arcellina are firm, with a degree of flexibility 
and elasticity, and arc composed of a dense membrane proved by its chemical 
properties to be of a chitinous nature. This shell not only resists the action 
of boiling solutions of the caustic alkalies and of vinegar, but also concen- 
trated nitric and chloric acids, and a mixture of the two, also chromic acid, 
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in the solution of which chitine itself is dissolved. h\irthcr the shell is dis- 
solved in sulphuric acid, and, unlike cellulose, is not coloured blue by this acid. 
Such arc the chemical relations of the testa of Gromia according to Schultze ; 
and such we may presume with him are those of the freshwater genera 
Arcella^ Ewjlyphd, and Trinenui, 

The shells of Diffluyia are peculiar by being composed in many species of 
a softer substance, to which various foreign particles, shells oi Diatomece, grains 
of sand and the like, adliere and thereby furnish an accidental or sujjple- 
mentary shield to the animals (XXI. 17). The substance on which those 
accidental matters arc affixed we may presume to bo chitinous, but not con- 
densed or hardened as in the time testaceous forms. Schultze is disposed to 
think that, besides merely agglutinated silicious particles accidentally, as it 
were, appropriated, the investing tunic has actually the power of secreting 
silicious molecules, represented by the smallest and most intimately adherent 
grannies of the testa. He would also extend this hypothesis to the silicious 
polythalamous shells, illustrated by Polymorphina silicea (XXI. 38) and 
another newly- discovered species. 

Cohn apparently saw young Difflugice in the act of building their shells. 
These young beings consisted of a mass of sarcodc suiTounded by a niiico- 
gclatinous envelope, through which fibres were protruded in different direc- 
tions. These processes, by retraction, brought to the surface of the animal 
various foreign particles, which had become affixed to them, and w()rc then 
imbedded in the mucous involucre. At length all other pseudopodcs, save 
those from one extremity, were permanently withdrawn, and the exterior of 
the animal was clothed with a layer of silicious particles, gndns of sand, shells 
of Gyclotella, and of other Diatomece^ many of them of a blackish or brown 
colour. 

Dr. Hailey indicates an exceptional tunic in a Ehizopod, having much of an 
Amceba-Yikii character, which he names Fampliaym, It would seem to be 
enveloped by an integument, which, although resistant, admits of an immense 
modification of figure, both from external and internal pressure, and offers no 
impediment to the animal transfixing itself, just as if it were a completely 
homogeneous jelly. “These creatures,” says their discoverer, “ connect the 
genus Amceha with DIJJluyia, agreeing with the fii^st in the soft body mthout 
shell, but differing in having tme feelers or rhizopods confined to the interior 
part of the body.” Just as in Difftuujia, they arc limited to the region of 
the mouth. From this last-named genus, “ and from the whole family of 
Arcellimty these forms are distinguishable by having no lorica or shell.” A 
very similar tunicated aniocbiform luiimal is described by Dujardiii under the 
name Cory da {A, S. iV^.lS52), which, although clothed by a membranous 
envelope, can be twisted and folded in every direction by the movements and 
contractions of the animal, and permits the extrusion of processes from any 
part of its surface. In this respect it differs from the Pamphayas of Bailey, 
and certainly exemplifies a peculiar phenomenon, which, in the case of the 
usual variable processes Avith circulating contents, would not be conceivable, 
but become so upon the explanation of Dujardin, that they do not contract 
on adhesion to \he surface on which the animal moves, nor glide along it in 
the ordinary manner, but remain free, and, as avo are told, seem only to serve 
to change the centre of gravity of the animal. It must, therefore,” says its 
descriher, “ form a new genus of Amoehina,^^ intermediate between the naked 
Aiiurfun and the ArcelUna ; and in another direction indicating an alliance 
Avith the Noctiludda, 

With reference to these pecailiar beings, it is worth while to boar in mind 
the account given by (?ohn of the dcAmlopment of young and the 
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progressive formation of tJie shell. To recall the particular points of interest, 
in the primary stage the Dijjlugia was seen covered by an integument, but 
having processes extruded from various parts of its surface, so far resembling 
the Corycia of Dujardin, — whilst in a later stage all processes were withdrawn, 
except those at the one end where the single large orifice or mouth is placed, 
and thus came to resemble the Pampliagus of Bailey. 

Calcareous- sheUed Monothalamia are represented by the genera Squamu- 
Una, (h'lmlina, and Cormtspira. Such shells are brittle, and in all essential 
features resemble those of the next-considcired family, the Foraminifera. 

The shells of Monothalitmui arc geneiully coloured. When seen, as they 
often may be, empty, they have an orange-yc41ow, a brown, or brownish-black 
tint. Tills colour is acquired by age ; the younger the being the less is it, 
cchUtIs parifms, coloui’ed. In the youngest, as before noticed, the whole sub- 
stance and its commencing envelope arc quite colourless. Most shells arc 
also translucent or diaphanous when empty ; but in others the colour is so 
deej), that, when fiUed, scarcely anything of the contained substance is dis- 
cernible through them. The testa) of Dijfflugiw arc mostly opaque. The sur- 
face of the shells is subject to numerous modifications. Occasionally it is 
uniformly smooth ; but many, which so seem when occupied by the animal, arc 
found when empty to be really finely sculptured (XXI. 11-15). 

Aredla hyaliaa is rei)resented by Ehrcnbcrg to have a smooth and colour- 
less testa; A. vidyaris and A, deMaUiy one superficially divided into facettes ; 
A. amleatay A, spuiosn, and A. cavdicolaf a delicately liispid shell. Where 
the intersecting lines or ridges arc not sufficiently developed to produce fa- 
cettes, they give rise to areola) and an areolatcd or reticulated surface. The 
surface is beset with rounded tubercles or eminences in EufjhjpJia tuherculata, 
and by spirally-disposed polygonal depressions (alveola) in Eiiglypha alveo- 
lata (XXI. 11). in DlJJhtgki aeanfhophora (Ehr.) (XII. G4), the surface 
looks as if covered by sciiles laid on in an imbricated manner and in a spiral 
direction. The same species and RurflypJiaalveolala (XXI. 11) afford instances 
of testa) armed with large and strong siiincs. This same DtJJIlugia presents 
likewise an example of the mouth of the shell being strongly serrated. Several 
Arcellina have small de])rossions or pits on their surface, which at first sight 
resemble pores, e. g, Arcella Olcenii ; and both this species and A, vulgaris^ 
according to Perty, present very numerous striae diverging from the centre of 
the closed end, and concentric circles, the outermost of which in Arcella Olcenii 
arc dentated, and follow the stellate expansions of the shell (XXI. 15). 

Among Bljfluglix. the shell is more often rough from the adhesion of parti- 
cles of sand and of other extraneous substances {e, g. in 2>. proteiformis, D. 
gigantea, D, acimiinata), but in others consists of a iimooth membrane, as in 
D. Encliehjs, D. oblonga, and D, gloliulosa. Moreover, Ehrcnbcrg enumerated 
D, ciliata, D, acanthojjhora, and other species as having an areolatcd surface, 
D. ampulla as punctated, D. dry as and D. reticulata as cellular, D. Bructerii 
as rugose, and D, striolata as striated. He further states that 1), ciliata has 
a bristle or cirrus in the centre of each posterior areola. 

Where spines or other elevations of the surface — or, in fact, markings in 
general, exist — they may not be uniformly disposed, but be produced in larger 
number or of larger dimensions in some parts than in others. Thus Ehrenberg 
signalizes an irregular disposition of the spines in Arcella aculeata ; and not 
uncommonly such processes are produced only from the vicinity of the mouth. 

These examples will sufficiently illustrate the diversity of surface preva- 
lent among mpnolocular shells ; but these shells moreover differ as remark- 
ably among themselves in size, figure, and character of the margin, and 
likewise in the relative position of their mouth, foramen, or orifice. These 
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differences supply specific and generic characters of much value by reason of 
their constancy. Where the mouth has an even uninteriupted margin, it is 
said to be “ entire.’’ Its normal figure may be considered circular (XXI. 9). 
However, in many instances it is irregular (XXI. 15), or a projecting portion 
encroaches on it (XXI. (5). In Difflugia depressa and 2>. gigantea it is uneven ; 
in Arcella lunata, semilunar ; in Difflvgia ampulla, ovate ; in Sphemderia, so 
contracted as to be linear. StiU more frequently the margin of the aperture is 
dentated or spinous : examples occur in D^iffivgia denticulata, D, laevigata, D. 
oligodon, D. acanthophora (XII. 64), and D, ciliata, in Arcella dentata and 
in Eughjpha. The symmetrical position of the mouth is wanting in several 
species ; and Schlumberger elevated this variation to the importance of a ge- 
neric distinction. The obliquity of the aperture — ^its position out of the median 
line — is noticed in Arcella Americana, A, comtrkta, A. ecornis, and in A. lu- 
nata, also in the genus Trinerna (Duj.) and in Cyphoderia (Schlumberger). 
W’^hen the mouth appears formed by the more incompleteness of the outline of 
the shell, and is without a neck or deep margin, it is often said to be truncate 
— in fact, the oral end of the shell is truncated or abruptly cut off by the 
orifice. 

The shells of ArcelUna may be fractured by pressure when the contained 
sarcode matter escapes through the fissures, extending itself in lobe-like pro- 
longations, which take on the characters of ordinary expansions (XXI. 7). 
Since the opacity of the shell is generally an impediment to the observation 
of the contained matter, its rupture by pressure, or its partial solution by 
some reagent, as sulphuric acid, which acts upon the chitinous basis, must 
be resorted to in order to discover the nature of the animal mass within. 
With or without such preparation, it is not unfrequcntly seen that the living 
mass is not uniformly adherent to the inner surface of the shell, but is, on 
the contrary, detached at different parts, leaving interspaces between it and 
the testa, varying in size and number. These vacuities may possibly arise 
from the detachment of the soft matter by reason of the quantity poured out 
from the mouth of the shell, or otherwise from the formation of vacuoles at 
those points, just as often happens on the surface of an Amceha. 

b. Shells of Polytitalamia or Foraminifera. — These have a groat diver- 
sity in figure and size, and are often very beautifully coloured and sculptured. 
From the resemblance of many to the shells of Cephalopoda, especially to those 
of Nautili (XXI. 28), they were for a long time ranged along with those 
highly-developed MoUusca. The shells of Polythalamia consist of a greater 
or less number, according to ago and species, of communicating chambers or 
cells, aggregated together or superposed on one another in different ways, 
the mode of disposition,* however, varying within certain limits even in the 
same species. Thus Dr. Carpenter, speaking of OrhitoUies, says (Proceedings 
Royal Society, 1855), — ‘‘ Starting fix)m the central nucleus, which consists of a 
pear-shaped mass of sarcode nearly surrounded by a larger mass connected 
with it by a peduncle, the development may take place either on a simple 
or upon a complex type. In the former (which is indicated by the circular 
or oval forms of ^the cells, which show themselves at the surface of the disk, 
and by the singleness of the row of marginal pores), each zone consists of but 
a single layer of segments, connected together by a single annular stolon of 
sarcode, and the nucleus is connected with the first zone, and each with that 
which surrounds it, by radiating peduncles proceeding from this annulus, 
which, when issuing from the peripheral zone, will pass outwards through the 
marginal pores, probably in the form of pseudopodes. In the complex type, 
on the other hand (which is indicated by the narrow and straight-sided form 
of the superficial cells and by the multiplication of the horizontal rows of 
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marginal pores), the segments of the concentric zones are elongated into 
vertical columns, with imperfect constrictions at intciwals ; instead of a single 
annular stolon, there are two, one at either end of these columns, between 
which, moreover, there are usually other lateral communications, whilst tlio 
radiating peduncles, which connect one zone with another, are also multiplied, 
so as to lie in several planes. Moreover, between each annular stolon and 
the iieighbouiing surface of the disk, there is a layer of superficial segments 
distinct from the vertical columns, but connected with the annular stolons ; 
these occupy the naiTow elongated cells just mentioned, which constitute 
two superficial layers in the disks of this type, between which is the inter- 
mediate layer occupied by the columnar segments. 

“ These two types seem to bo so completely dissimilar, that they could 
scarcely have been supposed to belong to the same species ; but the examina- 
tion of a lai'gc number of specimens shows that, although one is often 
developed to a considerable size upon the simple type, whilst another com- 
mences even from the centre upon the complex type yet many individuals, 
which begin life and fonn an indefinite number of annuli upon the simple type, 
then take on the more complex mode of development.” 

Each cell is occupied by the animal sarcodc substance — sometimes not 
completely, so that intervals exist at points between the contained matter 
and the enclosing calcareous wall, just as in Monothalmma. The first cell pro- 
duced, about which all others ai'o arranged and may be considered offshoots 
or dependencies, is called the primary or primordial cell ; and in it is con- 
tained the mass of condensed sarcode which Dr. Carpenter calls the nucleus. 

Tho link-liko portions connecting one chamber with another are called by 
Schultze bridges (Ilriickcn) or isthmi, by Ehrcnberg siphons, and by Car- 
penter " stolons.’ 

In chemical composition the shells of Polijthalamia arc calcareous, with the 
exception of those of Polymorphina silicea, which, like those of many Drfftvyur., 
are composed of small granules and tablets of silex. Schultze observes that, 
in addition to this species, Spirulina agglutmans and Bigncrina agghitinans 
have their surface covered by adherent grains of sand, to give it the firmness 
and resistance provided for in other forms by their shells. The consequence 
of their calcareous composition is, that the shells are hard, brittle, and opaque, 
and their contents only visible so far as protruded in the form of processes. 
To examine, therefore, the animal matter, it is necessary to crush tho shells, 
or, better, to carefully remove some portions and so expose tho subjacent tissue 
to \dew ; or they may be acted on by dilute acid, which dissolves out the 
earthy matter, leaving the transparent organic basis of tho testa. Dujardin 
employed dUuto acid mixed with ^cohol, which contracted and rendered 
the sarcodc substance harder, and gave it the appearance, in tho many- 
chambered cells, of laminated or lobulatcd masses connected together by 
thinner portions. 

When the calcareous earthy matter is dissolved out of the shells of Forami^ 
niferay the organic matrix or basis is left as a transparent membrane, retaining 
the precise form and markings of the complete shell, and pprforated by tho 
characteristic pores. Its chemical relations are those of the membranous testa 
of Qromia. In thin shells the organic matter is in relatively greater abund- 
ance than in the thick ones. Acids produce an active effervescence, and so 
prove the presence of carbonate of lime as the principal mineral constituent. 
Schultze has also detected the presence of phosphate of lime, at least in some 
shells, viz. in those of Orhiculirui adunca and Polystomella strigilata. 

The shells of Polythalamia are commonly white, when viewed by reflected 
light, and when emptied of their organic contents. When the latter remain. 
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a reddish- or yellow-brown colour is jiroduced. Sufficiently transparent 
specimens and opaque fragments, \newcd by transmitted light, exhibit either 
a glass-like (vitreous) colourless appearance, or have a brown hue. Jilxainplcs 
of the latter condition are afforded by all solid and not finely porous shells, by 
MilioUdee, Ovulina^, and others. Moreover, the youngest, thinnest, and most 
transparent shells are rendered visible by their apparent intense brown colour. 
Amongst porous species are some, such as Orhicvdiiia and Sorites, which have 
the brown colour only in stripes. Lastly, Schultzc has never mot with the 
peculiar yellow, red, and violet tints mentioned by D^Orbigny in some 
Motalhuv, Uosfilime, and Phmrlmlhur.. 

Tho Jufure assumed by various Polythalamia is extremely varied, but is 
ncvcrthoicss reducible to certain types. Wc will restrict ourselves to a brief 
description of tlic primary forms established by Schultze ; these arc three in 
number; — 1. In which the chambers or cells are suiiorposcd on one another 
in a straight scries. 2. In which they arc disposed in a spiral manner ; 
and, 3. in an irregular fashion. 

The Nodosaridee, which have their cells placed one on another in a simple 
row, are examples of the first type ; the SjpirocuUnce of the second ; and the 
Acermdince of the third (XXI. 34). 

In spiral shells the chambers may bo rolled in one plane, so as to form a 
symmetrical shell ^vith opposite sides ahko, c. g, in CristeJlaHa, or, otherwise, 
in an asymmetrical mode, so as to produce a shell like that of the common 
snail (HeViic), e.g, li-otalla and Rosalhia (XXI. 25-28). This latter variety 
may be so modified by the great elongation of tho spiral, as to produce an 
(dongated conical outline, as in Uvigerhia and Ihifimina, when the chambers 
above and below each other may present an alternate arrangement. Other 
varieties of the spiral arc exemplified in Orbimlhm, AlveoUmt, and Nomonim. 
In many instances a simple or regular spiral disposition is commenced in young 
animals, which is departed from variously as they attain the adult condition 
and charactfu’s. Thus in Pkirnrhidina the regular spiral is transformed 
eventually into a completely irregular form. Lastly, the Acervulinm con- 
sist of spherical or spheroidal celLs aggregated into formless colonics. 

With reference to the minute structure of tho shell. Prof. Williamson 
{Report of British Association, 1855, p. 105) recognizes three principal 
types ; viz. — ‘‘ 1. The hyaline, generally consisting of a transparent vitreous 
carbonate of lime, with, usually, numerous foramina. 2. Porcellanous, white, 
opaipic, and rarely foraminated. 3. The arenaceous, mainly consisting of 
agglomerated grains of sand.’’ Schultzc makes two types : in the one, the 
shell is perforated by numerous fine pores or canals; in the other, it is 
homogeneous and solid. . The contents of the second scries arc brought into 
relation with the external world by meatus of one large opening, or by many 
smaller ones collected in one group. This division corresponds, in the main, 
with that of Prof. Williamson, except that the German naturalist has omitted 
to notice, as a third scries, those shells constituted of a membrane covered by 
extraneous particles of sand and the like. 

The size and distribution of the foramina, along with other structural pecu- 
liarities, afford the best specific characters. To examine these details tho 
shells must be viewed by transmitted light, and by high powers. The thick- 
walled opaque Foraminifera are best explored, as Ehrenberg first pointed out, 
after being soaked in some strongly refracting varnish, either entire or when 
cut into thin sections. 

The dimensions of the canals vary in different species from *0003 of a line (a 
scai'cely measurable size) to *005 of a lino. They are of extraorclinary fineness 
in Pohjsiomella strigilala, in P, gihha, and P. venusta, whilst in Orhulina 
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universa and in Aeervulhm yhhosa (XXI. 35-37) they obtain their greatest 
diameter. In tlie latter, and in Ghhi^erimiy the canals dilate towards the 
surface, and are consequently funnel-shai^ed (infundibuliform). In a few 
instances two different sorts of pores exist, as in Orbulhm universa and 
Itosalina varmns, the finer kind being more abundiuit. 

A peculiar sort of slits is characteristic of the genus Poh/stomella ; that they 
comphitely perforate the shell is shown by sections. . They are largest in A 
stnyilata, and in tjibba appear to bo only shallow excavations. 

Ilcsides the openings named, the surface of the shells often presents regularly- 
dis])oscd eminences or elevated lines. In PohjstomeUa strhjilata and P. venmta 
(XXI . 28-30) there are hcmisi)hcrical or conical eminences, perforated severally 
by a lino opening. In Textil<ina picta elevated lines are arranged around the 
widely-scpaiatcid pores, so as to produce an elegant design (XXI. 25). Lastly, 
many shells liave a spinous or stellate ai)peaninco, from the prolongation of sonio 
canals into long and fine projecting tubes, or from that of the whole of them 
into thick processes. Illustrations are afforded by llosallna Imperatoriay Cal^ 
carimiy and particularly by SUlerolhm calcitrapokles. 

Carter Inis described a greenish, perishable, organic membrane as investing 
the entire suriacc of the shells with all their irregularities ; and d’Archiac 
has assumed tills to be the secreting membrane of the calcareous matter. 
Schultze, however, has failed to detect such a structui’c in every specimen he 
has examined, whether in a living or in a dried condition ; and ho observes 
that, even if this membrane docs exist in ceitain cases, there are abundant 
facts to prove that it is not the secreting organ of the shell. 

The foramina are, as a rule, uniformly distributed over the shells, those 
parts only being free which are placed immediately above the partitions 
between adjoining colls. Exceptions, however, occur. Thus, in the inequi- 
lateral Itotalidm (XXI. 33) and their allies, the imder or umbilical side has 
fewer pores than the ux)i)cr. Also, in some of the thick-shelled species tho 
position of the subjacent septa are not indicated by the absence of pores. 
Tho long winding canals pass in different directions, unite, and appear on tho 
surface in groups, producing a complex wavy pattern on tho surface, as in 
many CaUarince, 

The partitions between tho several cells are perforated by orifices, which 
differ in size, number, and distribution in the several species. They occur in 
tho scjita as fine pores similar to those of tho surface, but in less number. 
Again, in species having a single large opening in their terminal chamber, 
there is a similar one in each partition, as in Nodosarida, Miliolkla (XXI. 21, 
22), Textilarla (XXI. 36), liotaliday and in Nonionina, liolidina, Cristdlarixiy 
&c. Among this group the Contdina form an cxccptiqn, in having numerous 
foramina in tho last cell and in the septa between the others. In Acervulinuy 
again, the several coUs communicate by a single opening. In Peneropli^s, 
Coscinospiray and in Polystomella tho septa have numerous })ores ; and tho 
foramina proportionally increase in number with tho increasing size of the 
septa, i, e. from the first- to the last-formed chamber (XXI. 28-30). In 
Orbiculina the thick septa are penetrated by canals. 

Ehrenberg pointed out the presence, in several species, of fiumcrous per- 
pendicular calcareous columns interposed between the septa, which he sup- 
posed to be hollow tubes, opening up a communication between the whole 
series of chambers and tho exterior. Both their function and their tubular 
nature Schultze disbelieved, and asserted that Lunulites (Etw.) is not one of 
the Polyihalamiay but actually a colony of Bryozoa. 

Mr. Carter (A, N. H, 1852, x. p. 170), on the contrary, assorts tho ex- 
istonce of such tubes in tho septa, in tho following passage : — 
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‘‘ The septa occupy (in Operetdhut ArabiccC)^ transversely, about -Jth of tho 
breadth of the chambers ; and each septum encloses 'within its walls two 
calcareous tubes or vessels, one on each side, some little distance below the 
contiguous surface of the shell (hg. 7 a, d) \ these wo shall call intcvsejjtdl 
vessels. They are irregular both in their size and coui'se, though generally 
about diameter, in the last-formed septa of a shell 

having* the dimensions of tho one described, and diminish in calibre back- 
wards or towards the first-formed whorls. Each vessel commences in tho 
centre of an intricate network of smaller ones, spread over its own side 
of tho margin of the pr(?ccding whorl, and under the layers of tho shell ; 
these networks, Avhich are joined together, we shall caU the manjimil plexus. 
In its course each inlorsci^hil vessel gives off two sets of ramusculi, and tho 
marginal plexus one set. Of those coming from the intorscptal vessel, one 
set terminates on the surface of the shell, particularly about tho borders 
of the septum ; tho other goes into the walls of the shell, and through 
the septum, to open probably on the inner surface of tho chamber, while 
tho set from tho marginal phixus opens on tho margin. As this vascular 
system appears to extend throughout every part of the shell, and must be 
for tho circulation of some fluid, we will call it the intersepUd circulation.^^ 

Prof. Williamson has likewise described a series of intrascj)tal canals in 
Faujasinaf and illustrated their arrangement by enginvings. We have not 
space to give the details, but can cpioto only tho general results : — The intra- 
septal spaces are vcnlical, and give off true divergent cylindrical canals from 
th(‘ir external margms, penetrating the thick j)ariote8 of the shell. These 
spacers extend from the top to tho bottom of each septum, and only assume 
the form of canals when they approach the pciipluu’al shell-waUs. The con- 
necting branches which unite the spaces of different convolutions are also 
tubular. In no instance do these spaces or their divergent canals communi- 
cate with the interior of the segments (chambers) ; for the only direct com- 
munications between the two parts of the organism are through tho pseudo- 
podian foramina, manj^ of which oj)en into the tubular portions of these 
passages ; but never, so far as I have observed, into the intraseptal spaces.’’ 
Again, “ the cavities in the translucent shell are thickly lined with a daik 
olive-brown substan(;e, which, if it be the desiccated soft animal, proves that 
in this species the g(datinous tissue has not only filled the tnic chambers, but 
has also <jccupied the intraseptal canals and i)assages. If this be so, it is 
curious that the only medium of communication between the soft tissues in- 
habiting the spiral segments of the shell and those occupying the intrasci)tal 
and central passages, should be the minute pseudopodian foramina. . . .It is, 
however, ob\ious that this organism su])ports tho conclusion at which I arrived 
in a previous memoir, riz. that the soft animal had the power of extending 
itself externally far beyond the limits of any individual sc^gment, and would 
thus bo able to secrete calcareous matter in other situations than tho mere 
parictes of its own segment. It is only in this way that we can explain tho 
production of the domc-like covering which encloses the central umbilical 
cavities and their ramifying canals. But if it should be idtimatcdy proved 
that the soft tissues have occupied all these irregular cavities, we shall then 
have a form of organization which, from its gi'cat variability of contour, will 
ap'[»roaeh much more closely to the calcareous sponges than any hitherto de- 
scribed.” 

Schultzc sa^^s that tho species referred to by the two observers just <]Uoted 
havt; not come in his way, but that in none of the genera ho has examined 
has ho met with a similar stmcturc. Ho has been equally unsuccessful in 
finding the intcrseptal spaces noticed by Cai'penter in Nummulifes ; and in 
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no gomis he has examined, has he been able to discover its shell to be com- 
posed of ealenreons spicula, such as Carter represents in OpercuUna Arahicay 
and refers to as indicative of the intimate affinity between Foramim fera and 
sponges, in the ensuing paragraph (A. N, II. x. 1862, p. 173): — “It must 
be now generally allowed that the llhizopodous nature of Foramhilfera is 
identical with that of the Amneha or Frotem, and through the latter with the 
Sponge-cell ; and in addition to this, Ave haA^e the former, at least the gemus 
Operciilinay still more nearly allpng Foraminifera to the Sponges, by possess- 
ing a spicula structure, if not a circulating system also, like that of 
Sponges.” 

The calcareous shell of Ehizopoda is lined (XXT. 1 6) AAnthin by a delicate 
organic homogeneous membrane, Avith a shai-p outline, and of a more or less 
deej^-brown colour. It is in immediate contact with the animal, and closely 
applied to the shell, and has the same peiforalious (XXI. 24). It penetrates 
from one chamber to the next through the inttninediate pores and canals. 
Diin’ng life it is, in the last-formed cliambers, colouiless. It is not ccpuiUy 
A'isible in all specie's, lly the .addition of dilute acid to Ilotallay ItosaHna,, and 
'Tf.vfilariffy it is readily brought into aucav ; but in MlJioIidn this is difficult, 
OAving to its delicacy and Avant of colour. In the first-formed (primordial) 
chamber, occui)ii?d by colourhiss substance, it Avould sccmi to bo absent. In 
its chemical relations it resembles the chitinous shell of Gromuiy and is so 
very sloAvly destroyed by dc(;omposition, that it may be demonstrated in 
empty shells found amidst the sand at the sca-sido, and, according to d’Archiac 
and Jules Haime, even in fossil specimens. 

Dimensions and Conditions of Life of IIiiizopoda. — The size of the llhi- 
zopoda is veiy v’aried, even among rnembera of the same genus. Ehrenborg 
describes Amalm from ^ ^ Dffflugim from 

and yr/^th to -j^th, and ArceUai from T jV) 

Ijetwcen individuals even of the same species, no represents a diversity of 
size of nearly equal extent. Schultze states the diameter of the shells of 
Gromia ovifonnis, and of G. DujiirdinUy to be ^th of an inch, AAdiilst that of 
Lagynis is only ^v^yth in length. Dujardin remarks that the largest fresh- 
Avater IIiiizopoda attain a diameter of T^|^nd, Avhilst the marine Foramhilfera 
are for the most part visible to the nakcii eye, and have a length of from g^jyth 
to J-th of an inch. The Nautiloid sheUs of Pohjatomella have a diameter of 
j^jyth to ^th of an inch, and the irregularly- chambered Acervidin(^ a length 
of from T^^tli to Ith of an inch. Among fossil Foraminifera larger sizes 
prevail : thus. Sir E. Belcher brought one species from Borneo measuring more 
than 2 inches in diameter ; and many Nnimmilites are found an inch and 
upAvards in diameter. ^ • 

Mr. Jeffrey's gives the following account of the habits of Foraminifera 
(Proc. Uoyal Soc. 1855) : — “ Most are free, or only adhere by their pseudo- 
podes to foreign substances. Such are the Lagena of Walker, Nodosaria, Vbr~ 
ticiaUs, and TeMidaria, and the Miliola of Lamarc. The last genus has some, 
although a very limited, poAver of locomotion, Avhich is effected by exserting its 
pseudopodcs to their full length, attaching itself by them to a pieep of scaAA^eed, 
and then contracting them like india-rubber, so as to draw the shell along Avith 
them. Some of the acephalous mollusks do the same by means of their byssus. 
This mode of progression is, however, exceedingly sloAv ; and I h.ave never 
seen, in the course of 24 hours, a longer journey than a quarter of an inch 
accomplished by a Miliola .... Some are fixed or sessile, but not cemented at 
their base Hko thci testaceous Annelids. The only mode of attachment appears 
to be a thin film of Barcode. The Lohatala of Fleming, and the Rosalia and 
Planorhidina (D’Orb.) belong to this division. Dr. Carpenter considers the 
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Foraminifera to bo phytophagous, in consequence of his having detected in 
some specimens fragments of l)iatomacc8B, and other simple forms of vegetable 
life. But as I hjivo dredged them alive at a depth of 108 fathoms (which is 
for beyond the Laminarian zone), and they ore extremely abundant at from 
40 to 70 fathoms, ton miles from land and beyond the range of any seaweed, 
it may be assumed, without much difficulty, that many, if not most of them, 
are zoophagous, and prey on microscopic animals perhaps of even simpler form 
and structure than themselves. They are in their turn the food of MoUusca, 
and appear to be especially relished by Dentalhim entale” The assumption 
that, because the Laminaidan zone cciises at a much leas depth than that at 
which Foraminifera occur, therefore no Diatomeae arc found, is quite gra- 
tuitous, and opposed to observation. The notion also that animal life fiir- 
nishos nutriment to Foraminifera at depths where vegetable existence, and 
where the doubtful Diatomese cannot be sustained, is opposed to all proba- 
bility. 

Of the rate of growth and of the duration of Rhizopoda we have few re- 
corded observations : wo must, however, suppose them regulated by external 
circumstances, such as abundance of food, moderate temperature, and the like. 
Schultze observed of Foraminifera living in a small quantity of sea- water, so 
to speak, in captivity, that they grew exceedingly slowly. In only one Fo^ 
lystomelJa out of many, kept under observation for several months, did he ob- 
serve the production of a new chamber. Rotalut?, however, were more fre- 
quently seen in process of growth, the walls of the new-formed segments 
being extremely delicate and deficient of calcareous matter. Some very young 
specimens of Miliola ohesa were found to produce two new chambers, after the 
completion of the primjiry one, in the course of four weeks. 

From this fact of their very gradual growth, says Schultzo, wo may con- 
clude that a year or more may elapse before the construction of a many- 
chambered shell is completed. This naturalist has, indeed, kept the same 
specimens of Polystomella and of BotaUda in captivity for nine months ; and 
their persistence for a much longer period is highly probable. If, he adds, 
the production of germs put a termination to life, then this phenomenon 
entails a fixed limit to its duration. Dujardin, again, found ArceUxje alive after 
two years, in a vessel in which he had preserved them. 

Tlio testaceous Bhizopoda possess the power of repairing the effects of me- 
chanical injuries to their shells. This has been proved by Schultze in the 
case of the Folyihalamia ; and we may conclude the same faculty is possessed 
by the Monothalamia, He has seen almost one-half of the shell of Polysto- 
melUi strifjilata, which had been broken away, repaired by a new calcareous 
wall resembling the normal one both in its pores, eminences, and markings. 
He also frequently noticed in this sanie species irregularities in the conforma- 
tion of the shell, which he attributed to damages previously inflicted ; and 
experiment showed him that, oven on the same day that a considerable portion 
was removed, the animal set vigorously to work to replace the lost shell, and 
protruded its processes just as before. 

Occasionally the destruction of a portion of the shell gives rise to monstrous 
(abnormal) ffirms. Thus Schultze noticed a double Polystomella strigilatay 
and Ucuss a monstrous Nodosaria annudata, which he called N, dkJiotoma ; and 
Dr. Carpenter has foimd several “ monstrosities of Orhitolites resulting from an 
unusual outgrowth of the central nucleus.” 

The Bhizopoda can, doubtless, maintain life under very prejudicial condi- 
tions. The power possessed by the sarcode substance, of sustaining existence 
when even the greater part is tom away, and the capability of repair mani- 
fested by the testaceous species, ore facts indicative of their tenacity of life. 
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Another proof is found in the capacity of Foraminifera to exist for weeks and 
months in the same water. Schultzo states that he has found them lying 
motionless, with rctniiited processes, at the bottom of a vessel of putrid water, 
in which they had been kept a long time, and that when this water has been 
changed, or its foul odour removed by an acid, they have recommenced to 
move about, and to thrust out their fibres. In a small glass containing mud 
from the lagoons of Venice, and in which life appeared extinct, ho found lio~ 
talUlce and MiliolidcB creeping on the sides, and in great numbers in the sedi- 
ment at the bottom. Some still more recent experiments have convinced this 
eminent naturalist that fresh water is not very detrimental to them, but that, 
on the contrary, they may be kept alive in it for a considerable time. Ho 
found at the same time that some dried Polythalamia from mud obtained at 
Muggia, and let dry for five weeks, continued motionless after six weeks' 
immersion in sea- water. 

Habitats and Distribution of Hhizopoda. — Fossil Forms. — ^The Amoebce 
are met with particularly in water containing much organic debris, provided 
that decomi)osition is not proceeding. They arc common inhabitants of infu- 
sions, and of stagnant water, and are found adherent to foreign bodies, to plants. 
Conferva), and the lilie. Although unable to swim, they are frequently fioated 
to the surface on the matters to which they stick, such as dead leaves. Alga), 
or stalks of plants. They occur both in fresh- and in sea- water, but are much 
more commonly seen in the former. 

The Monothalamiay with reference to their habitats, form two groups, — 
one marine, the other freshwater. Arcelluy DiJJlugiay and Euylyplm aro 
essential freshwater genera, whilst Spirillina (Ehr.), Gromia, Layynis (Sch.), 
and Sqmmcllu (Sch.) aro marine. They are not mot with in infusions arti- 
ficially prepared although common in stagnant water holding organic matters 
in suspension, and found crawling on theso or on tho sides of the vessel 
containing the water. 

Polythulamia are all marine. Their abundance and extent of distribution 
aro surprising ; this is true of them both in the living and in the dead or 
fossil condition. Schultze states that on tho northern level shore of the har- 
bour of Ancona, tho shells of tho Foraminifera cover the surface here and 
there like a fine sand, and aro discovered in many places in smaUer numbers 
at a depth of 20 feet. When this sand was placed in water in a glass jar, no 
specimens were found to crawl up the sides ; and observation showed that few 
among them retained any organic contents. From a small rocky islet in the 
harbour ho scraped into a fine net the slimy mud, and then separated the 
lighter suspended particles from the mixture of animal and vegetable matter, 
and placed them in another glass. On examining, a few hours later, the fine 
sand so separated, he found it almost entirely composed of Polythalamia, filled 
with their organic substance and Jilive, many of them having crawled up the 
sides of the vessel. His experiments at Venice were entirely correspondent ; no 
living beings were found in the sand from tho shore, but countless specimens 
in tho debris about tho Alga) in the lagoons. Once, however, at Cuxhaven, 
on tho Elbe, he mot with living Foraminifera in the sand. 

Dujardin also says of the Polythalamia, that, from being unable to swim, 
they arc only to be found attached to the surface of bodies on which they 
crawl, such as aquatic plants, or, otherwise, lying amidst tho debris covering 
the base of such plants, or in tho hoUows between the asperities of the shells 
of marine MoUusca. Sponges, again, form a convenient habitat for living 
Polythalamia, having their pores at times pretty well fiUod with them ; in 
tho same way Corals and Corallines aro frequently beset with them, lliis 
necessity of attachment cannot universally prevail, since the Foraminifera aro 
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SO often found scattered over the bed of the ocean, as well in the living as in 
the dead state, without any Alga) near, whereto they can adhere. 

The extraordinary abundance of Foraminiferous sheUs in the sand of some 
sea-shores has been long observed. Plancus, in 1739, 'conn ted, with the aid 
of a low magnifying power, 0000 individuals in an ounce of sand from Kiniini, 
on the Adriatic; and D’Orbigny states that 3,840,000 exist in an cqmil 
quantity of sand from the Antilles. Schultze also counted 500 shells of llhi- 
zoj)oda in ^th of a grain of sand collected from the 3Iole of Caeta, which had 
previously been passed through a sieve and sci)aratcd from all particles above 
of an inch in size. 

Ehrenberg describes finding Pohjtlialamia both on the surface of the sea 
and also at the bottom, even at a depth of 12,000 feet. From tliose great 
depths they are procured by soundings ; the load, after being coated Avdth 
grease at the bottom, brings up attached to it the small particles of sand and 
other matters with which it comes into contact at the sea-bottom. Numerous 
such soundings were taken by Sir J. lloss in his Antarctic expedition, and 
have been practised by oiliers in different regions. Dr. Bailey records the 
results of a series of deep soundings made in the Atlantic, over a considerable 
geographical area, from latitude 42° 4' to hit. 54° 17', and depths varying 
from 1080 to 2000 fathoms. None of the soundings,” he states, contain a 
particle of gravel, sand, or other recognized unorganized mineral matter. 
They all agree in being almost entirely made up of the shells of Font mini fern, 
.... But neither the suifacc- water nor that of any depth . . . collected close 
to the places where the soundings were made, contained a trace of any 1m nU 
shelled animalcules.” Schultze is unable to receive Ehrenberg’s statement of 
finding shells floating on the surface of tlie sea, seeing that they naturally 
sink in water. Still ho admits that in shallow water they may be suspended 
by the tossing of the waves, and thfit they may float on tlic surface attached to 
sea- weed tom from the bottom, or to other floating substances. Ho likewise, 
and, we think (judging from the laws of distribution of organic life at tlifforeiit 
de])ths as pointed out by the late Prof. Edward Forbes), veiy justly, demurs 
to Ehrenberg’s conclusion, that the Polythalamian shells fished uj) from the 
great depths cited, and others approaching them, lived at those deptlis, and 
had become empty by specjdy decomposition of their animal contents. At 
depths far less considerable, we believe all organic life ceases, and should 
consider tlie Foraminiferous shells there found to have been drifted from other 
less profound places by currents in the ocean. Prof. Bailey also started the 
question, whether the Fomminifera found at the bottom of the sea actually 
lived there, or were borne there by submarine currents, but admitted that 
these and other like questions could not be at present dccidiid. What, however, 
is very remarkable, is'that the si)ccies.“ whose shells now compose the bottom 
of the Atlantic Ocean have not been found living in the suidace waters, nor in 
shallow waters along the sliore. It is but fair, also, to state that Air. Jeffriiys 
has dredged living Puh/lhalainla from a depth of 108 fathoms ((548 feet). 
8o far as Schultze’s researches go, they prove a very limited geographical 
distribution of some siiecics of Polytiudamia, Thus, he has never found the 
Botalia Veneta elsewhere than at Venice and Afuggia, near Trieste, w'hilst 
the Polystomella strigilata, of Ancona, is altogether absent at Venice and 
Trieste. Nodosaridee, which are common enough at Rimini, ore sought in 
vain at Ancona, close by, whilst Rotulia Becenrii occurs at both those places. 
So Peneroplis planata is found in the sand on the Istrian coast, from Citta 
Nuova to l^la, but is absent at Trieste, Venice, and Ancona. Similar illus- 
trations might, says Schultze, be multiplied, to show the considerable diversity 
of local fauna. 
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A limited distribution, both in reference to place and to the conditions of 
existence, has been determined by Ehrenberg and other observers of the Pol?/- 
ihalamia, and also emidoyed l)y geologists in fixing tlic pciiod of the dej)osi- 
tion of certain strata, and the circumstances under which it has occurred. 
Thus Bailey records of the Atlantic soundings, that tliey “ contain no species 
belonging to tlie group Atjathistefjia (E’Orbigny), a group wliich appears to 
bo confined to shallow waters, and which in the fossil state finst appears in 
the tertiary, where it abounds.” Again, they agree 'with the dccii soundings 
off the coast of the United States, in the presence and j)rcdominaiice of species 
of the genus GlobUjeiruia, and in the presence of the cosmopolite sjiecics Orbu-- 
Una miiverm (U^Orb.) ; Imt th(jy contain no traces of the Marginulina Bachii, 
Textilavia AtUintica, and other species characteristic of the soundings of the 
Western Atlantic. In the vast amount of pelagic Foraminifera, and in the 
entire absence of sand, these soundings stnkingly resemble the chalk of 
England, as well as the calcareous marls of the Upper Missouri ; and this 
would seem to indicate that tliese also were deep-sea deposits. The cretaceous 
deposits of New Jersey 2 )resent no resemblance to these soundings, and are 
doubtless littoral, as stated by Prof. H. 1). Rogers.” 

A fixed gcogmphical distribution is also implied by the division made by 
D’Orbigny of the species he observed, — ^viz. into 575 peculiar to the torrid 
zone, 350 to the temperate, and 75 species to the frigid zone. Moreover, Dr. 
Carpenter stated (in the Annual Address at the MicrosMp, Soc, 1855) that 
he and Prof. Williamson find that there arc certain species whose range of 
distribution is limited, and whose form is remarkably constant, but that, in 
by far the greater number of cases, the species of Foraminifera are distributed 
over very wide geographical areas, and have also an extensive geological 
range.” Mr. Jeffreys remarks tliat, in his opinion, the geographical range, 
or distribution of species, is regulated by the same laws as in the Mollusks and 
other marine animals. I have found in the gulf of Genoa species identical 
with those of our Hebridean coast, and vice versdP 

Fossil Foraminifera. — In a fossil form the Polythalamia arc very common, 
and enter largely into the formation of several rocks, chiefly calcareous or of 
the tertiary series, in every part of the world. Ehrenbeig, in liis microscopic 
examination of tlic chalk formation, represents these shells as the most im- 
]iortant constituent ; and Dr. Bailey speaks of them as largely concerned in 
the formation of the tertiary rocks of South Carolina, and adds, they “ are still 
at work in countless thousands on her coast, filling up harbours, forming 
shoals, and depositing their shells to record the i)resent state of the sea- 
shore, as their predecessors, now" entombed beneath Charleston, have done wdth 
regard to ancient oceans. For the city just named is, built on a marl 236 feet 
thick. The marls from the depth of 110 to 103 feet are tertiary, as also, 
in all likelihood, arc those beneath, extomding from 103 to 300 feet, and also 
of the Eocene epoch. The lithologicjil characters of the marls fi’om 236 to 
309 feet differ from those above them, although many of tlie same species are 
still to bo detected” (^A. N. II. 1845, vol. xv.). 

The most abundant Foraminifera of the chalk belong to liolaUa, Sprrnlina, 
and Textiluria ; the fossil genus Nummulina abounds in terthiry strata ; and 
their shells constitute the chief ingredient in the composition of many lime- 
stone rocks used in building, such as those in Egypt, from w"hich the huge 
stones of the Pyramids are quarried. In America this genus is largely re- 
placed, as a component of limestone, by the genus Orbitoidcs. Species of 
Textilaria are the most abundant in Oolitic formations. In the cretaceous 
earths, says D’Orbigny, genera and species augment in rapid progression from 
the lower to the higher formations. On arriving at the tertiary rocks, Fbra- 
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minifera become still more multiplied, and many previously unobserved genera 
make their appearance. In the Silurian and Devonian rocks of the palaeozoic 
series, Foraminifera appear to be absent. In the carboniferous deposits 
D’Orbigny found one species, but detected none in the Permian, Triassic, or 
Jurassic strata. Mr. King has, however, discovered shells in the Permian rocks. 

Many genera have hitherto boon found only in the fossil state : some such 
wo may suppose to have become extinct ; but others will probably bo discovered 
when the search after living specimens is further prosecuted. It may be 
generally stated that the relative number of identical fossil and recent species 
is much greater in this family of Fomminifera than in any other known ; and 
specific forms have continued from the Mesozoic era until the present day, so 
connecting, as by an unbroken chain, the fauna of our own time and that of 
almost countless ages past. 

Question of the Cell-nature of RnizopoDA, and of tue Ciiaracteii of 
Foraminifeha as Individuals, or as Colonies of Animals. — ^Tho prevailing 
theory of the cellular composition of all animal and vegetable tissues induced 
several distinguished naturalists to represent the llhizopoda as cells. Kbllikcr 
ingeniously argued {J, M, S. 1853, i. p. 101) in favour of this view, and for 
a time succeeded in persuading most scientific men of its truth. It had the 
character of a grand generalization, and recommended itself by its simplicity. 
Various stnictural peculiarities and general considerations arc, liowever, 
opposed to this theory: these we will adduce after Kbllikcr’s arguments 
have been stated. He first assumes that the llhizopoda and Ciliated Pro- 
tozoa arc comprehended in a single class of simple animals, which, like the 
Oregarince, are unicellular ; and he further groups the Actinophnjhia with 
Khizopoda. The absence of an integument to represent the cell- wall, and 
in most of them of a recognized nucleiLS, are difficulties he would explain 
away. First, he supposes that, where a nucleus is not seen, it may have 
existed at an earlier period, and bo absent only in the full-grown animal, or, 
again, that it may be entirely wanting, and still the animal be regardcul as ji 
cell.” Secondly, ‘‘ with respect to the membrane, it may be regarded as certain 
that there are cells with a membrane of such extreme tenuity as to be hardly 
distinguishable from the contents,” and others in which at a later period all 
difference between the membrane and contents disa])pears, — for instancjc, the 
elements of the smooth muscles of the higher animals.” Which of these two 
possible conditions obtains in the llhizopoda, he cannot undertake to say, but 
would remark “ that their other relations arc not opi)oscd to the notion that 
they may bo simple cells, — such as their structureless homogeneous contents, 
their contractility, and the vacuoles which occur in them, resembling in all 
respects the contents of^ the body of unicellular Infusoria. So, likewise, the 
simplicity of their form and mode of taking food, so closely rcvscmbling the 
way in which Infusoria introduce a viorsel into their parenchyma. Certainly 
the presence of a cell-membrane is scarcely rcconcilcable with the circumstance 
that the body is capable of admitting a morsel of food at any part of the sur- 
face ; but in one point of view it is not indispensably necessary to assume 
that such exists in the fully-developed ActinophrySy and in another it is by 
no means wonderful that a membrane, in consistence almost the same as the 
rest of the parenchyma, should be capable of being tom and of reuniting.” 
It is therefore, ho concludes, best to consider the llhizopoda simple, although 
modified, cells, especially since there is little else to be made of them. “ It 
cannot he admittc?d that they consist of a whole aggregation of cells ; and as 
little is it to be supposed that they arc simply a mass of animal matter with- 
out further distinction — as it were, indeptmdent living cell-contents. And 
the less can this opinion be entertained, because cells arc the elementary 
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parts of the higher animals and plants^ and the unicellular condition the 
simplest form in the animal kingdom.” The existence of an investing mem- 
brane in the llhizopoda he finally considers probable. 

The arguments here quoted from Kbllikcr’s paper on Actinophrys, have been 
examined by several later writers, and have had their defects pointed out. 
Perty declares himself* opposed to the cell-theory since Khizopoda arc wimt- 
ing the essentials of the cell-nucleus and cell- wall ; and the h3q)othesis cannot 
be applied to animals composed not of cells, but of an amorphous primitive 
substance. 

M. Claparede attacks KoUiker’s arguments in detail. The question raised, 
whether the nucleus and membrane may not disappear in the course of 
growth, he answers by another query — We may conceive the possibility of 
this ; but where do we find any proof of it ? ” — and proceeds to remark his own 
failure, and that of Elirenberg and of most others, to discover a nucleus, ovcm 
in very small animals, and after treating them with dilute acetic acid. ‘‘ The 
supposition, that Acilnoiihrys and other Khizopoda pass through a previous 
cellular condition, has consequently no foundation in fact.” He cjuinot agree 
with KdUiker, that of the three parts of a cell — the nucleus, membrane, and 
contents — two may be deficient, — that for example, wo may attribute the 
signification of a cell to the contents remaining alone and contained in 
nothing .... If, therefore, with Kbllikcr, wo regard the Khizopoda as a class 
of unicellular animals, the organisms which it includes will be j)rincipnlly 
distinguished by their having nothing to do with cells, as they consist of a 
shapeless mass of a structureless homogeneous substance.” 

M. Claparede next subjects to examination the argument for the cell-nature 
of Khizopoda deduced from analogy with Ciliated Protozoa, which Kblliker 
takes for granted to be unicellular organisms. This assumption, and conse- 
quently the analogy dependent on it, are shown to bo erroneous ; and then 
the writer goes on to say that, ** even if we admitted that ActhiopJirys was 
the equivalent of a cell, it would still not be unicellular, inasmuch as an 
endogenous cell-production has taken place in it. The contractile vesicle is 
nothing but a cell” invested by a membrane ; and this being the case, the’ 
existence of such a membrane in other Ciliated Protozoa becomes all the more 
probable. ‘‘ Kbllikcr himself supposes that the contractile vesicle, when pre- 
sent, is the equivalent of a cell-membrane ; and with the proof of the exist- 
ence of such (an endogenous) formation in Actinophrys, his hypothesis of the 
imiccUular constitution of the animal consequently falls to the ground.” 
Lcuckart has also briefly argued against the cell-theory of Khizopoda ; but 
as no novel views are taken of the question, we shall not quote his remarks. 
Our own opinion is, that to insist upon the unicellular nature of Khizopoda 
and of other Infusoria is to limit the ■operations of nature, in the manifesta- 
tion of animal life, to one sort of mechanism, as though life could not bo 
exhibited except by an organic substance enveloped by a membrane and 
enclosing a nucleus. Keasoning by analogy should teach us differently ; for 
everywhere in the animal series do we see types or grades of organization 
progressively devclop()d from their simplest to a more or less complicated 
degree, as if nature would show us by how many different* plans she can 
attain similar and equally beneficial results. And are not the Khizopoda an 
iUustration of this fact, an example of the establishment of independent 
animality in primordial animal matter, and, as in the case of the multilocular 
Polythalamia, of the possible extent of development this simple type may 
undergo without the separation or addition of any other definite structural 
element ? 

If Schneider’s researches bo confirmed, wc must admit several llliizopoda 
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to bo possessed of a nucleus. On tlio other hand, a largo number of species 
are able to produce new individuals by the mere detachment of a jiortion of 
their sai'code substance, — an act in which no nucleus is concerned, whereas 
in cell-propagation by fission ti preparatory section of the nmdeus appears a 
necessary process. In the Ehizopoda, therefore, we may conclude that, in 
the language of Professor Owen, “ the spermatic force ” is diffused through- 
out their entire substance, and not, as it were, concentrated in a particular 
organ or nucleus. 

The question respecting the nature of the many-ehambered Foraminifera, 
whether they are to be considered single indi\dduals or coloiik^s of animals, is 
elaborately examined by Schultze, wdio comes to the conclusion that the 
inhabitant of each shell is a single animal. Ehrenberg is the supporter of 
the opposite ^’icw ; but Schultzc shows that several structui*al details given 
by him, upon which the colony-theoiy is partly established, are erroneous, 
and that it is one common connected substance which occupies each and cveiy 
chamber. Prof. Williamson M. S, 1851) has the following pertinent 
obsciTation on this colony-theory. Speaking of the Orlncu/itia (ulutica, he 
says — “ The attempt to isolate the various portions, and to raise eacli portion 
to the rank of an individutd animal, even in the limited sense m which avo 
should admit such a distinction in the polypes of a Serhiluna or of a Gorgoma, 
appears to me wholly inadmissible.” Moreover, the soft-structures being 
devoid of visible organization, << the wdiole animal will be very little raised 
above the Polypifera, only iiossessing a symmetrictil calcareous skeleton, 
which is at once both extcinal and internal ” (/. e. the Porifera). 

Of THE Affinities of IIuizopoda. — ^That the Eliizopoda constitute a class 
of animalcules distinct from every other is evidenced by their characteristic 
vital structure and phenomena, their power of producing thcii' like, their 
growth, their faculty of digesting and api)roi)riating nutrient matters, and by 
the ascending stages of development seen among them, advancing from the 
simple Anmha to the compound testaceous Crisiellaria and Pofgstomella. 

In the nature of their animal portion they resemble Ciliated Protozoa ; it con- 
tains similar vacuolac and granules, and also a contractile vesicle. On the other 
hand, they differ from them in having no definite outline to the animal tissue 
boimdcd by a limiting membrane or integument, and particularly in possess- 
ing no cilia, which, as locomotive organs, arc replaced by the peculiar and 
charactoiistic pscudopodcs. In variability of outline an approach is made to 
Ehizopoda by some genera of the heterogeneous family, Emhdla of Ehrenberg ; 
but they never exhibit any such changeable character as the surface of the 
former, never protrude similar variable processes, nor present a circulation 
of granules. The Dlnohryina might perhaps be cited as affording an example 
of a considerable variability of form ; but our knowledge of this family is too 
incomplete to render analogies based on it of value. 

The affinity between Ehizopoda and Phytozoa is no closer. Some of the 
latter can greatly modify their form in moving ; but in none does this partake 
of the character and extent of the variability exhibited by Ehizopods. More- 
over in none are variable processes foimd, but in gimeral one or more elon- 
gated cilia or fil{imcnts,Avhich, by their undulation, serve as the principal organs 
of locomotion. 

Between the Testaceous Ehizopoda and Ciliated Protozoa the alliance is oven 
less evident ; for in none of the latter do wc meet with shells like tliose of the 
former, and in none is the relation between a lorica and its contents corre- 
spondent to that of the shell and sarcode substance of Ehizopoda. It has 
already been noted that the distinction betAveen the two classes of Protozoa 
founded on the silicious character of the shells or loricm of the Ciliated, and 
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the calcareous nature of those of the Pscudopodous class, is not in accordance 
mth fact ; for although all, or almost all, Polythalumia have calcareous shells, 
yet the Ilexible loricaj of many Monothalamia are cliitinous, just as those of 
loricatcd Ciliata. 

In the prcsimicd fact of the shells of Arcelllna being silicious, Ehrenberg 
discovered a relation between that family and the BaeiUaria. This affinity he 
traced still further ; for, when describing tlic genus CypJiidium, he remarked 
— “ It forms a connecting grouj) between Arcclla and Bacillar ia, by reason of 
the simple locomotive organ (like a snail’s foot), and approaches very closely 
to the group DesmidkwP However, even if he be right as to the single un- 
divided process of Cyjdddhim, the presence of any extended foot or pedal 
oi’gan from the silicious fronds of BaeiUaria, whether Diatomece or Desmidiece, 
is not now admitted by any naturalist. 

If Stein’s observations and opinions bo correct, an indirect relationshii) 
actually exists between Ciliated Protozoa and Rbizopoda; for that pains- 
taking observer has convinced hunself that the VorticelUna, by ulterior de- 
velopment, become transformed into Hctatfa-likc or Actinophryean organisms, 
of the intimate affinity of which no doubt can be raised. The questions 
raised by this apparent transformation do not require discussion here, since 
they are fuUy entered upon in the liistory of the Ciliata, and in that of the 
Acinelina^ considered as a subclass of Bhizopoda. 

Another alliance was formerly assigned to the Multilocular Bhizopoda, viz. 
Avith the Cephalapodfi, of wliich they were treated as a subdivision. This 
association was suggested, by the iVau<i^ies-likc form of some genera, to the 
earliest observers of the Foramlnifera — Bcccarius in 1731, and Plamms in 
1739; and the error was perpetuated by D’Orbigny in 1820. Dujardin has 
the great merit of first combating this mistaken opinion, and of pointing out 
the extremely simple nature of their contents, and their true affinity with the 
simple Amceboi. 

Several naturalists, and among them M. de Quatrefages, have classed the 
comparatively large NoctiluccG with the Bhizopoda. But direct observation 
seems to show that, although in a few particulars a likeness obtains, yet 
the sum of the differences greatly sui^passes that of the resemblances. The 
Nociilucw show a more complex organization ; they have an integument com- 
posed of two layers, an evident mouth and gastric cavity with appendages, 
and motile filaments, but no variable processes. 

A strildng general resemblance subsists between the Naked Bhizopoda — 
Amwboi — and the like isolated individuals and the germs of freshwater Sponges 
or Spomjilltr^ which Mr. Carter has named Proteans (XXI. 5 «, &, c). The 
resemblances arc weU conveyed in the following ([uotation from Mr. Carter’s 
])apcr : — A ragged portion torn off with a needle, V iU be seen gradually to 
assume a sjdieroidal foim ; and if there be a spiculum, it will embrace it within 
its substance, it may even bo seen to approach it, and it may boar away the 
spiculum, having, as it were, spit itself upon it. On its circumference Avill be 
observed little i)apiUa), which gradually vary their form, extending find retract- 
ing themselves, until one of them may be seen to detach itself from the parent 
mass and go off to another object. This little animal, one of* the group 'VNdiich 
it has left, may remain stationary on the second object, or descend to the 
watch-glass, assuming in its progress all forms that can bo imagined, sphe- 
roidal or polygonal, wliilst every point of its body appears capable of ex- 
tending itself into a tubular attenuated prolongation .... Tliesii transparent 
little sacs (the gemmules of Crant find Hogg) arc sometimes filled with green 
matter. Thdy appear to be able to adapt Uicmsclves to any form that may 
be convenient for them to assume ; and when forcibly separated from each 
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other (by tearing to pieces a minute portion of the sponge under water in a 
watch-glass), the isolated individuals may be seen to approach each other, 
and apply themselves together in twos and threes, &c. and so on, imtil, from 
a particle only discernible by the microscope, they assume the form of an 
aggregate mass visible to the naked eye ; and such a portion, growing and 
multiplying, might ultimately reach the size of the largest masses adhering 
to the sides of the tanks at Bombay. They appear to belong to the genus 
Amoeha of Ehrenberg.” 

These changeable globules Mr. Carter, in the subsequent part of his 
paper, designates Protcans, and states that they commonly resemble the P/*o- 
Uus diffluens (MiiUer). (“ Notes of the species, &c. of the Fresh- water Sponges 
of Bombay,'' Tratis, Med, ami Phys, Society y Bombay , 1847. Appendix.) 

In his more recent contribution on the freshwater Sponges, Mr. Carter 
describes cells, capable of greatly and rapidly changing their form, endowed 
with considerable motile powers, and furnished each with an undulating 
locomotive filament (XXI. 5). These organisms ho considers to be zoospcmis, 
or the spermatozoa of Spo'iyjilla. Speaking of one, he says — “ When its 
power of progression and motion (of a serpentine creeping character) begins 
to fail, and if separated from other fragments, it soon becomes stationary, and, 
after a little polymori)hism, assumes its natural passive form, wliich is that of 
a spherical cell. During this time the motions of the tail become more and 
more languid, and at length cease altogether." On the other hand, it may 
attach itself to some fragment, or to another cell, and ‘‘ become indistinguish- 
able from the common mass ; and the tail, floating and undulating outwards, 
is all that remains visible." In these structures there is, therefore, polymor- 
pliism as in Khizopoda, but no actual extrusion of pseudopodes ; and the i)oints 
of agreement, after all, are really accidental, and not demonstrative of a 
structural affinity. In them we have reproductive germs, which coah^sce and 
disappear as independent existences, whilst in the case of Ammha each si)eci- 
men is an independent individual, and is never seen to coalesce with others 
into a common or sponge-hke mass. 

Dujardin devoted a couple of pages to sx)cak of this affinity between Amcehce 
and Sponges ; and Perty oven goes so far as to make the latter a third class of 
the Ilhizoi)oda, intermediate between Arcellina and Amcehina, on account of 
the calcareous, silicious, or homy spicula which occur in their compound 
moss, and constitute a sort of skeleton. 

The affinity with Sponges is traceable even in the case of the testaceous 
Polythalumla, as Prof. Williamson pointed out in 1848, and in a subsequent 
memoir in 1851 {Tram, Mic, Soc,) tWs enters on the question ; — “ Looking at 
the structure of the shell ^of the Orhiculina adunca, and csi)ecially at the largo 
orifices which communicate between its* various cavities, we cannot fail to 
observe that it is a reticulated calcareous skeleton, whoso proportionate rela- 
tion to the size of the soft animal has differed but little from that of the 
siliceo-keratoso network of many Sj^nges to the slimy substance with which 
they are invested.” 

fk) Dr. Carpenter {Proc,Boy, Soc, 1855), in his critical examination of Orhito^ 
lltes, “ places thift genus among the lowest fomis of Foraminiferay and con- 
siders that it approximates closely to Sjionges, some of which have skeletons 
not very unlike the calcareous network which intervenes between its fleshy 
segments." With respect to this idea of Dr. Carpenter, that they arc allied 
to Sponges, Mr. Jeffreys (same journal) would remark “that Polystomellu 
erispa has its i)eriphery set round at each segment with silicious spicula, like 
the rowels of a spur. Bat as there is only one terminal cell, which is con- 
nected with all the others in the interior by one or more openings for the 
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pseudopodcs, the analogy is not complete, this being a solitary, and the Sponge 
a compound or aggrcjgatc, animal.” In a previous page the theory of Elmm- 
berg, that the Foraminifera arc compound or aggregate animals, has been 
referred to. It was on this hypothesis that he assumed their affinity with 
Polypes — ^with Flustrm and Bryozoa, at the head of which he arranged them. 
This association, like tho hypothesis it rests upon, is untenable. In his 
work on the Foraminifera of the Vienna basin, M. D’Orbigny assigned a 
position to these animals as an independent class between Echinodemis and 
Polypes, which, from the present knowledge of the stmeture and reproduc- 
tion of those classes, we cannot suppose he woTild seek to maintain. 

Classification of ItnizoroDA. — The first division of Khizopoda that suggests 
itself is into naked and testaceous forms, or, as Ehrenberg would say, into 
illoricated and loricatcd. The naked forms constitute the family Amvebhiay 
represented by the single genus Amoeba, 

The determination of specific characters in this family is attended by almost 
insurmountable difficulties, and can only be unsatisfactoiy, by reason of tho 
absence of any definite figurci, and of determinate organs or parts. More- 
over the semifluid body of any one presumed spcicies must be much influenced 
by external causes, and in some measure by the matters wliich may have 
entered into its substance ; and the like causes will doubtless operate by 
modifying tho outline, dimensions, and number of tho luocesses. Among 
such causes the density of the liquid in which they live, and the quantity of 
organic matter contained in it, may bo particularly mentioned. Claparede 
remarks — “ It appears almost absurd to attempt the distinction of species 
amongst tho Amcebm until wo know something more of their intimate 
organization. Thus Ehrenberg’s A, radiosa is characterized by tho regularity 
of its processes, and its generally stellate form when at rest ; but when the 
creature creeps, it slowly expands and the peculiar outlino disappears; it 
floivs along like a cloudy veil or drop of od, and A, radiosa has become converted 
into A, dijflmns,’^ Yet, this author afterwards goes on to say — “ oven tho 
changeable Amosbee have their typical forms, such as the stellate and globu- 
lar.” Other gi'ounds of specific distinction (of no very certain value, indeed) 
are found in tho shape, length, and mode of termination of tho variable pro- 
cesses, and in the size, colour, transparency, activity, and habitats of theso 
beings. 

The Testaceous Ilhizopoda naturally fall into two groups, — ono distinguished 
by having a unilocular, the other a multdocidar, shell — ^the former called, by 
Schultze, MonotJialamia, the latter, Polythalumia or Foraminifera, These 
grand divisions have been recognized by every naturalist ; but some have been 
led, from giving importance to other particulars, tot arrange differently cer- 
tain genera, or, otherwise, to detach some as additional families. 

Thus Ehrenberg, swayed by his polygastric hypothesis, and satisfied in his 
own mind that tho ArcelloBy Diffiugioey and ono or two other monoloculor genera 
possessed a series of stomachs and other organs like other Polygastria, united 
those genera into a family which he called Arcellina. This dtdachment of ono 
group of pseudopodous beings from the rest, ho further justified, as heretofore 
stated, by representing it to have siheious instead of calcafeous shells. In 
this dislocation of evidently-allied forms ho finds no imitators, and is unsup- 
ported by facts. 

D’Orbigny distinguished the onc-chambcrcd, sac-like, shelled Ilhizopoda 
as one of the six orders into which he separated the Foraminifera, and named 
it Monostegia. This order is nearly equivalent to that framed by Ehrenberg, 
luider tho title of Monosomatia, to comprehend the genera Qromia^ Orlmlinay 
and Ovidina, — a term subsequently borrowed by Siebold, but extended by him 
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SO as to include not only the particular genera enumerated, but also the 
families Amvehce and ArcAUna of that naturalist. 

The term MomtJialmnin contrasts well with that of Polytludiimia, expresses 
the fact, and involves no liyi)othcsis as do Ehrenberg’s words Monosomatia 
and rolysoinatia, which are founded on his belief in the colony-Kko aggrega- 
tion of several individuals within a Eoraminiferous shell. 

The Monothahvnia of Schultze (as before remarked) do not precisely cor- 
respond ^vith tlic one-celled group of either of the other authors named ; for, 
besides the Monostef/in of D’Orbigny, it comprehends the Arcellina of Ehren- 
berg and a few other now genera. The groupings and relations of the several 
species are represented in the appended table exhibiting Schultzc’s system. 

In the classilieatioii of the Mo notJia lamia certain and constant characters are 
dediicable from tlie shells, whilst those di-awn fi’om the soft parts, from the 
length or tenuity or mode of termination of the pseudopodcs, are of compara- 
tively secondaiy importance, and not to be relied on alone. Dc^finitc charac- 
ters are derivable from the figure, size, composition, sculpturing or api)cndagcs, 
and colour of the entire shell, from the ])resenco of a single large aperture or 
of many small pores, and from the form of the aperture and of its margin ; 
consequently it is in the shells of t\io Jhli/iha la mi a that wo must seek generic 
aiid specific distinctions. As animals, they have all alike the same sarcode sub- 
stance, which extrudes similar variable fibres : hence any diversities observed 
in its colour or transparency, in its contents, or in the manner in which the 
processes are extnided or othorudse comport themselves, seiwe but a sub- 
ordinate purpose in the scheme of classification. On the contraiy, the cha- 
racters of the shells are, within certain limits, determinate and fix(>d. They 
arc dciivable from the figure, size, colour, and consistence of the shell ; from 
the markings, processes, pores, and slits occupying its surface ; from the 
relative position and figure of the several chambers; from the mode and 
degree of their connexion ; and from the presence or absence of large apertures 
in company Avith the usual foramina ; and last, not least, from the intimate 
stnicture of the shell. Dujardin recognized the viilue of the shells to supply 
the basis of a classification of the llhizopoda ; but he had recourse to the form 
of the variable expansions to make his primary division, “ although,” as ho 
remarks, “ it has no absoluto value.” He arranged all the Jthizopoda, with 
the exception of the Arnceha? (which he treats as a distinct family), into two 
sections, — one having a single unilocular shell with a single largo aperture ; 
the other a foraminiferous compound sliell, or one having sevcual aggregated 
chambers, each with a simple orifice, as represented by the tribe Miliola, It 
is in the subdivision of these sections that he employs characters derived from 
the variable processes. Thus he sci)arates the first into — 1. those animals pro- 
vided with short and thick ^noccsscs rounded at the extremities, viz. Difflufjia 
and Arcella ; and 2. into those having filiform expansions, acutely draW out 
at the ends. The latter division is more largely represented ; and he separates 
its numerous species into three tribes, viz. Trinema, with a latoKil orifice ; 
Euyiypha, with a tuberculatcd or areolated shell and few simple expansions ; 
and Oromia, with a membranous spheroidfil shell and expansions, thick at 
the base, but ve^ long and branching. He has not attempted the classifica- 
tion of the whole of the Foraniinifera, but restricted his account to some few 
genera wliich ho has found in a living condition. 

D’Orbigny instituted five orders of the Polythalamiay viz. — 1. StlcJiostegia, 
having the cells arranged one above another in a straight or slightly- curved 
lino ; 2. Hdicosteyia, with cells disposed spirally around an ays ; 3. Ento^ 
mostegia, having the chambers alternating and coiled spirally ; 4. Enallo- 
stegia, with alternating but not spirally-disposed chambers ; 5. Ayathistegia, 
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having the cells spirally arranged, but each one occupying only one-half the 
circuit. 

The throe sections projiosed by Schultze are — 1. shells disposed in recti- 
linear series or in a slightly-curved line, JUiahdoidea ; 2. those coiled in a 
spiral, Helicoidea ; 3. those irregularly aggregated, Soroidea, The first of 
these corresponds to the Stlcliostegia of D’Orbigny ; the second includes all 
the remaining orders of that writer ; whilst the third section is represented 
by a small number of siiecics, previously un mentioned, which Schultze unites 
in the genus Acervidhm, 

What stnictural pecniliaritics should bo employed to determine species, is a 
question now much mooted witli respect to the? Foraminifera, In reference 
to this subject, Dr. Carpenter (in the annual address at the Microscopic So- 
ciety, Feb. 1855) observed “ that a large proportion of the species, and even 
of the genera, which have been distinguished by systematists, and especially 
by M. D’Orbigny, liavc no real existence, being nothing else than individual 
varieties,” This error is at once accounted for by M. D’Orbigny’s mode of 
proceeding (as stated) : for that, in examining any new collection, he sot 
an assistant to pick out the most d\vcr(jent forms, and then described all that 
might prove new to him as distinct species, ^vltliout troubling himself in the 
least about those connecting links, the existence of which should have at once 
convinced him that ho Avas following an altogether Avrong method. Through- 
out the Avholo of his labours on the group, in facit, I find the inlluencc of the 
erroneous idc'as Avhich he originally entertained Arith regard to the nature of 
the animal of the Foraminifera ; for in the formation of his orders, as Avell 
as of his genera and species, he has proceeded as if the chameters of the tes- 
taceous skeleton Avere of the same distinctive value when its construction is 
duo merely to the solidification of tho surface of a minute fragment of animal 
jelly, Avhich is subject to an almost indefinite A^ariation both in size and in 
shape, as Avhen it belongs to a mollusk of high organization, tho plan of 
Avhosc conformation is definitely fixed .... When a collection is brought to- 
gether containing large numbei’s of individuals of one generic type, which 
appear, hoAV'^ever, to belong to several distinct species, it very commonly hap- 
pens that, although it Avould be easy to make 6, 8, 12, or 20 species by 
s(decting the most diA^ergcnt forms, yet, Avhen the attempt is made to sort 
tho entire collection under those tyi)cs, only a part of it can be unhesitatingly 
arranged around them as centres, the remainder being transitional or inter- 
mediate forms, for Avhich anotlicr set of species must bo made, if the prmciple 
of separation bo once adopted. In fact, to such an extent docs individual 
variation often go, that (as in the case of the human race) no two specimens 
are precisely alike, and there is no satisfactory medium between grouping 
them all as A^arictics of one species, and making every individual a species, which 
is manifestly absurd.” 

The error of D’Orbigny has not escaped Schultze’s notice ; for in his chapter 
on classification he has repcatedl 5 ’‘ pointed out the insufficiency of the charac- 
ters on Avhich that obsciTcr relied in framing his species, genera, and families. 
For instjince (p. 62), ho points out the erroneous separation of the Stickosteyia 
(I)’Orb.^ into tAVO families, according to tho equilateral or inequilateral con- 
dition of the shell. And further on, he remarks that the A’ariations elevated 
by D’Orbigny to the rank of specific distinctions are merely accidental diver- 
sities in groAvtli, connected together by CA'cr>^ intermediate A^ariety. Hence, 
for example, ho combines the genera Tidhcidina and Quinqueloctdina (D’Orb.) 
into one genus Miliola, and the (h'hitoides and Ch'hitulina (D’Orb.) into a 
single genus Oi))itoUt€S. Various other illustrations might be adduced, for 
instance, the fimiily NautUoidm ; but it is unnecessary to multiply them. It 
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is only fair, however, to state that D'Orbigny is not alone guilty of unduly 
manufacturing species, but that Ehrcnberg, Reuss, and others are equally 
involved in the fault, which, by the way, is one almost inseparable, and 
therefore very excusable, in the case of the fost observers and systematists of 
any nowly-cfiscovcrod group of organic beings. 

Mr. Jeffreys {Proc. Hoy, Soc, 1855) deplores the multiplication of species 
and genera in the i^rcsent day, and observes that “ the Foraminifera exhibit a 
great tendency to variation of form, some of the combinations (especially in 
the case o^ MarymuUna) being as complicated and various as a Chinese puzzle. 
It is, I believe, undeniable, that the variability of form is in an inverse ratio 

to the development of animals in the scale of Nature I am induced to 

suggest the following arrangement ; — 

‘‘1. Lfigena and Entosolenia. 

2. Nodosaria and MaryinuJina, &c. 

3. Vorticialis, Rotalia, Lohatxda^ and Qlohigerma^ &c. 

4. Te,vtulariay Uvigerina, &c. 

5. Milioluy BilocuUna, &c. 

“ This division must, however, be modified by a more extended and cosmo- 
politan view of the subject, as I only profess to treat of British species. To 
illustrate McLcay’s theory of a quinary and circular arrangement, the case 
may be put thus : — 



through the third with the fourth through Olohigerina and 

the fourth with the last through Uvig^inaP 

We append a tabular view of the groupings into families and genera, as 
proposed by Prof. Schultze, since it presents the most complete system yet pro- 
duced, and advances much nearer a true arrangement of the Foraminifera 
than that made by M. D’Orbigny. 
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lUIIZOPODA. 

A. NUDA. 

Oon. AinoDba (Nociiliica?). 

D. TESTACEA. 

I. Monotiialamta. 

Testa OP shell one-chambered ; animal undivided, huviiig the same conformation as tlio shell. 

1 . Lag VNIDA. — A suceiform, culeareous or membranous, iioii-porous testa, with a large 
opening. 

Gen. Arcelln, Diillugia, Trincma, Euglyphn, Qroinia, Logynis, Ovulina, Fis- 
surina, Squamidina. 

Fam. 2. OumJLiNii)A.^A globose, calcareous testa, finely porous throughout, without a 
large opening. 

Gen. Orbulina. 

Fam. 3. Counuspirida.- -A calcareous shell, convoluted like that of a Planorbis, witii a 
large opening. 

Gk?n. Cornuspira. 

II. POLVTIIALAMIA. 

Shell polythalamou.s^, the animal composed of segments, cronneeted by coininissurnl bands. 

1. Group IIelicoidea. 

The chambers dis|>osed in a S])ira1. 

Fam. 4. Miliolida. — E ach chamber oeeupies a half-spiral, which is developed either in 
one plane or in various planes. Tlie shell has only one large opening 
at the extremity of the last spiral, and no pores. 

Gen. Uniloculina, llilooulina, Muiola, Spiroloculina, Articulina, Spha*- 
roidino^ Adelosina, Eabularia. 

Fam. 5. TniiaiNOinA. — The chamlxTs so disposed spirally as to resemble the shell of Kclix 
or Turbo. The spiral is only visible on one side of the shell. Some 
are so much elongated that the chambers are, as it were, disposed 
alternately in two contigiious rows. The shell has a largo opening 
in the lost chamber, and its surface is almost always finely perforated. 

Subfam. 1. Eotalida. — Shell flattened or conical; chambers do not encircle eac^h 
other ; shell glass-like, transparent ; finely perforated. 

Gen. Botalia, Bosalina, Trmicatidinn, Anonialina, Planorbulina, Astcrigerina, 
t!)alcarinn, Siphonina, Planulina, Colpopleura> Porospira, Aspidospira. 

Subfam. 2. Uvellida. — Shell in the form of a longer or shorUjr cluster like a bunch 
of grapes. The chambers frequently appear to almost completely 
em&ace one another. Shell usually thick and coarsely penoratc, 
or solid. 

Gk;n. Globigerina, Bulimina, Uvigerina, Guttulina, Gandcino, Globulina, 
Chrysalidina, Pyrulina, Clavulina, Polymorphinn, Dimorphina, Ver- 
neuillina, Chilostomclla, Allomorphina, Bhynchospirai, Strophoconus, 
Grammobotrys. 

Subfam. 3. Tcxtilarida. — Spiro so much produced that the chambers form a double 
• row and alternate. , 

Gen. Gaudryna, Textilaria, Vii«gulina, Vulviilina, Sagrina, Bigcnerina, Bo- 
livina, Gcimnulina, Cuneoliua, Clidostomum, Proroporus. 

Subfam. 4. Cassidulinida. — Textilaridai curved once in a direction perpendicular to 
tlio original spiral. 

Gen. Ehrenbergina, Cussidulina. 

Fam. G. Nautiloida. — The chambers so disposed spirally tlmt the shell lias a general 
resemblance to that of an Ammonite or Nautilus. The spire is either 
visible or, otherwi.se, concealed on both sides of the shell. The anterioi* 
wall of the lost chamber is furnislied wdth onti larger or several smaller 
openings ; Uio other portion of the sliell is usually finely perforated. 

Subfam. 1. CriMellaridn. — Shell thick, finely perforate, colourless, transparent; 

chambers encircling, with a large opening at the upper angle of the 
anterior wall of the last chamber, whicli corresponds in position with 
the communicating openings between the several chambers. 

Gen*. Cristellaria, Bobuliiia, Marginulina, Flabellina. 

Subfam. 2. Nomonida. — Shell thick or thin, colourless, transparent, finely perforalo ; 

chanilxTs either encircling (imbricate) (jr not. The opening is in the 

U 
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anterior wall of the first chamber on the under side looking towards 
the penultimate spiral ; the communicating openings of the several 
chambers have a similar position. 

Gen. Nonioiiina, Hauerina, Orbignyiia, Fusulina, Nummulina, Assilina, 
Sidorolina, Amphistegina. Opercidina and Ileterostegina should pro- 
bably be formed into a sjiecial subfamily of Nonionida. 

Subfam. 3. Penerojjlicin . — Shells usually thin, always brown, and transparent with or 
without fine pores ; the chambers very narrow, either imbricate or not. 
Numerous ojienings, scattered over the whole of the anterior wall of 
the last chamber ; or, instead of these, a large opening produced by 
the coalescence of numerous smaller ones. 

CK;n. Penoroplis, Deiidritina, Verlcbralina, Coscinospira, Spirolina, Lituola. 
Appended genus, Orbieulina. 

Subfam. 4. Polystotnellida . — Shell tolerably thick, colourless, transparent, finely por- 
ous ; chambers imbricated ; the anterior w'all of the last chamber 
has, besides the fine pores, cither no larger opening at all, or a few 
very small irregular scattered fissures, on the contrary side to the 
penultimate whorl. The same applies to the septa. On tlie surfticc 
of all the chambers, rows of fissure-like, often perforating, depressions 
are placed at right angles to the direction of the septum. 

Gen. Polystomclla. 

Fam. 7. Alveolinida. — Globose, ovoid, or barley-shaped shells, composed of spiral tubes, 
each resembling a cornuspira, and furnished with a special opening 
at the end of the turn or B])iral. The tubes all communicate by con- 
necting openings, and, besides this, arc all subdivided by incomijlete 
dissepiments (partitions), in the same manner as species of Nonioiiina. 
The situation of these septa, wliich are but few in number, and of the 
connecting openings, is indicated by lines, which traverse the shell in 
the direction of meridional lines. 

Gen. Alveolina. 

Fam. 8. Soritida. — Discoid, multicellular shells, exhibiting an indication of a helicoid 
spiral only in the centre ; elsewhere cycloid, that is, growing uniformly 
at the whole border of the disk. The brown, transparent, finely porous 
shell is formed of minute chambers, connected together in the direc- 
tion of straight or curved radii, and each presenting a large opening 
at the border of the disk. 

Gen. Sorites, Amphisorus, Orbitiilites. Appended gmuSf Cyclolina (cham- 
bers perfectly annular, witli numerous openings on the border of the 
disk). 

2. Group Bhabdoidea. 

The chambers piled, one on another, in a straight or slightly curved line, in a single row. 

Fnm. 9. Nodo.*iarida. — Bod-shaped shells, wdiose chambers arc superimposed one upon 
another in a row, and communicate with each other by a large 
opening; a similar opening in the last cliamber (exiH^pt in the 
genus Conulinay which has numerous OT)enings instead of the single 
one). The shell usiuilly tliick, probably always perforated by fine 
pore-canals. 

Gen. Glandulina, Nodosaria, Orthoccrina, Dentalina, Frondicularia, Lin- 
gulina, Bimulinu, Yaginulina, Webbina, Conulina. 

3. Group SOROIDEA. 

Chambers grouped in irregular musses. 

Fani^ 10. Acervulinida. — Chambers usually globose, disposed very irregularly, and of 
prettjr uniform dimensions ; shell finely perforate, with a few larger 
openings at indeterminate places. 

Gen. Acervulina. 

The preceding account of the Khizopoda we believe to be ample to lead the 
student forward in the study of that peculiar class of animals. Yet, with re- 
spect to the division Foraminifera it may be considered less complete : for, 
from the close attention given of late to those beings, every monthly and 
quarterly periodical of natural science teems with fresh facts and opinions 
concerning them ; and, above all, wg have had placed in our hands, since the 
foregoing history was written, the very elaborate and critical researches of 
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Prof. Williamson and Dr. Carjientcr, to which we woidd particulaidy refer 
the inquirer intent on following out his knowledge of the Fomminifera, but 
which both the dimensions and the character of the present work forbid the 
attempt to condense or analyse in its pages. Prof. Williamson’s work, ‘ On the 
Keeent Foraminifera of Oreat Britain,’ forms the volume for 1857, published 
by the llay Society. Dr. Carpenter’s learned essays on the structure of 
shells, on the value of form and other external characters in generic and spe- 
cific groupings, and on the stnictural and physiological relations of sevc^ral 
genera, are to be found in the ‘ Transactions ’ and in the ‘ Proceedings ’ of 
the lloyal Society. 

Additional facts conccmiiig both the stnicturcj and relations of the several 
groups of llhizopoda will be found in our Systematic History of them in Part 11. 


SUBFAMILY OF IIHIZOPODA, ACTINOPHRYINA. 

(Plate XXIII. 24-37.) 

This is a remarkable group of Protozoa, which can take its place neither 
with Ciliata nor stnctly with llhizopoda, although its aifinities with the latter 
are very close. Khrenberg attached the several forms of this family witli 
which he was acquainted to his heterogeneous collection — the family Enchelia, 
.and referred them to five genera, viz. Actinophrijs, Trichodiscus, Podojihrya^ 
Demlrosoma, and Acineta, IMoreovcr, according to his fundamental hypothesis, 
he re})r(',scutc;d them to have a mouth and an anus, an alimentary canal with 
offshoots in the shape of stomach- vesicles, a sexual gland, and ova. Sinc^^ 
tlio Berlin jnofessor’s investigation of these animalcules was made, several 
distinguished naturalists have most carefully studied them, and particularly 
the Actinophrys Sol, 

In our last edition we named a genus Alde^da, in honour of Prof. Alder, to 
distinguish certain organisms described by him in the Annals of Natural His- 
tory ( 1851, vii. p. 427). Subsequently, how^ever, that eminent naturalist wrote 
us to state tliat the name proposed had been already ajiplied to a genus in an- 
otlier class of jmimals ; and on further consideration and reference to Stein’s 
researches, we were inclined to renounce their claim to a generic independ- 
ence, and to consider them three forms of Podoplirya, Dr. S. Wright has, 
however, apparently observed the same beings very lately, and instituted a 
new genus, Ephelota, to receive them (Edinb, New Phil, Journ, 1858, p. 6). 

Notwithstanding the very close affinities of Actinophryina and Acinetina^ 
there are sufficient differences between the two, and so many peculiar forms of 
the latter that they deserve a particular consideration. • 

The history of the first family is veiy fairly represented by that of Actino- 
phrys Sol, or of Act, Eichoniii, both of Avhicli have been very completely 
studied by Siebold, Kblliker, Claparede, Stein, and Weston. Some diversity 
prevails among these several observers respecting a few points in their organ- 
ization, which it will be incumbent on us to notice in the proijer place. The 
species of Actinophrys have a circular figure, and are either sjiherical or so 
compressed as to have a discoid forai (XXllI. 28, 29). The distinctive 
peuliarity of their figure is, how^ever, due to the filaments or tentacles, w'hich 
radiate from all parts of their surface and give the beings (to employ a 
familiar and not inapt illustration) the appeiu’ance of a btill of cotton stuck 
thickly over with pins ; for the filaments have nodular extremities, or, in 
technical phiase,, arc capitate. The figure is determinate, and in this respect 
contrasts wdth the protean changes of form exhibited by llhizopoda. Not 
that the figure is completely un.alterablc ; for slight vai-iations are possible. 
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although slower thiin even those of Amoeba, Stein represents the usual orbi- 
cular figure to be frequtJiitly exehaiigecl for a |)ear-shfipod, an oblong, or a 
partially angular and lo])cd one, — varieties dependent, according to Ids state- 
ments, upon inlicrcnt (dianges taking ixlaco in connexion with progressive de- 
velopmental plicnomena. The aspect of the entire organism is, mor(Jover, 
modified from time to time, l)y the altered kaigth, direction, and disappear- 
ance of a portion of the filainonts, chiefiy conscf|uent on the act of pre^hension 
in which they arc engaged. Stein, indeed, repr(:^sonts still more considerabh' 
modifications, involving the coni])lcle flisapjK'arancc of lentadcs from various 
portions of the sniface, and the aggregJition of the ri*st upon angular end- 
nences in a i)cnioillatc nmnner, — an occfurrence wldch woidd assimilate still 
more closely the Aotnwiihnfiua and the Annotlna, Lastly, the figure is varied 
during the acts of sclf-di\ision and of conjugation, as will be presently noticed 
at large. 

In colour the Aotmopliryuia arc commonly of a milky-yellow or grejlsh 
hue, tlio intensity (d* which is determined by the number of contained granuU's, 
or, in other wi>rds, by the sup])ly of nutriment. Acetic acid and cold solution 
of potash remove colour ; the latter fluid, when heated rapidly, dissolves thc' 
entire mass, and indicates its nitrogenous nature. ()])soiTers are not agreed 
on the point of the existence of an integment. Dujardin, Ivblliker, and Cla- 
paredo deny it, whilst Stein, .Perty, and Mr. Weston ( J. M. S, 1 85f3) affirm its 
presence. Among the latter, one speaks of it as a hyaloid membrane ; anotlu'r 
declares it to be double, consisting of a delicate elastic membrane immediateh' 
investing the contractile substance of the animalcules, covei*ed by an outi'i* 
firmer tunic. This statement is especially made by Stein of Podophnja, wliich 
is, in his opinion, a merely stalked variety oiActlnopbrys^ and indistinguishable 
from it even as a species (XX III. 1,8, 4, 5). On the contraiy^ Cieiikowsky 
{J. M, S, 1857, p. 138) remarks that lie could discover no membrane suri’ound- 
ing the body of that animalcule. To account for this diversity in dijscriptive 
details, we must suppose that the different authors have not had tlu^ same 
animalcule under observation ; indeed Stein asserts that Kullikcr did not 
examine Actlnophrys JSol, as he supjiosed, but yict. Ekhornii. Lieberkuhn 
likewise suggests that Claparede and Kdlliker have written upon difierent 
species under the same name ; and Stein must, wi? bidieve, have committed 
a similar mistake ; for the Actinophrysi and Pokopbrya d(>scribcd by him diftV r 
in so many important particulars from beings bearing tlui same name in tbe^ 
writings of others, that it seems impossildo they can be idimtical with tliern. 
The fact seems to be that certain Achictw. have in external- cliaracl(u\s so dost* 
resemblance to Actlnophryhia, ihvit they may he mistaken for them. lie this how 
it may, if we take into consideration tht? peculiar relation of tluj tt'iitades with 
the body, their movements, and cspcdally the mode of introducing food into 
the interior, it seems tpiitc improbable that there should he a firm investing 
membrane. These remarks, indeed, apply only to the usual forms or phases 
of these beings ; for whem an encysting process jirocecds, then, ceriainly, 
an external envelope will manifest itself, yet not without the sacrifice of the 
tentacula and of the ordinary phenomena of vital activity, tluj ingestion of 
food and the like. It is impossible,” to quote Claparede (^. N, II, 1855, xv. 
p. 28G), ‘‘ to admit the existence of a general integument, as Actlnoplirys can 
jmsh out the mucous or gelatinous matter of which its body is composed, take 
in nourishment, or evacuate the residue of digestion, from any point of its 
surface at pleasure.” In this same observers opinion, Pcjrty’s notice and 
figures of a capsule are cridently erroneous, the conseijuenec of optical illu- 
sum. Mr. Carter adopts an intermediate ojnnion, by admitting the cjxistcnco 
of an cnviloping pellicula, like that in Amaebuj which, although not a separable 



OF THE PItOTOZOA. ACTINOPIIKYINA . 


245 


layer or skin, is a somewhat firmer or more condensed tissue than that sub- 
jacent. 

The Acihwplmjhui are composed of a homogeneous elastic sarcjodc, occupied 
by granules in varying number, and by vacuoL®. The granules are especially 
accumulated in the centre, to wliich they consccpicntly imx)art a greater opacjity 
and deeper colour. Hence several authors have spoken of a central medullary 
mass surrounded by a clearer cortical lamina (XXill. 28, 29). Still there 
is no natural soi)arability into two such jiortions ; for their relative size varies 
according to the sui)i)ly of food received. ‘Dr. Strethill Wright (in a letter) 
l)ro]ioscs to ai)X)ly the uncxcej)tionablc terms emlosarc ” and “ ectosarc ” to 
the medullaiy and cortical portions resi)ectivcly. The contained granules are 
rounded, opacpic, and, for the most i^art, of a fixtty character. The granules 
are less abundant in tlie ectosarc ; but those of a lin(;r sort arc seen in smaller 
numbers oven in the lower end of the filaments, and Lachmann {A, N. H. 
1857, xix. p. 223) asserts that he has seen their motion there, as well as in 
tlu) general substance of the body. Mr. Weston also remarks {op. clt. p. 122), 
“ With a 1th objecitive I cfiii distinctly see granules in constant motion in the 
body of tlie Acllno^ilirifs, similar to those xdways found in the xxnnts of Clos- 
tenum Lunula . The vacuoles occur both in the cortical and medullary 
X)ortions, but arc smaller in the latter, and they never penetrate into the 
substance of the filaments. . ‘ 

At first sight, as Kollikcr notices, the tissue ax)pear8 delicately cellular: a 
closer in.s])ection, however, shows that this is not the case ; for on j)ressure 
being iiiadc^, a coalescence into larger, or, otherwise, a subdivision into smaller, 
areolm is the consecxucnce (XXTll. 28, 29, 80). 

The tcmtacles or filamemts give to the Acthiophryina their most distinctive 
features. Tiny arc usually pretty regularly and uniformly distributed over 
the entire suiface, and in figure laiier from the base to the ajiex, whi(;h is 
surmounted by a rounded knob. Unlike other obscrveis, Cienkowsky {J. M. S. 
1857, p. 101) represents the cajiitatc form to be exceptional, and that the 
rule is for the filamemts to taper like setie. Dujardin, by the way, appears to 
have thought the capitate extremities accidental ; for he describes the filaments 
as often bcjcoming globular in the act of contraction. In smaller s^jecimens 
the filaments exc.eed the diameter of the body in the length, but in larger 
ones are not more than ecpial to, or are even less than, it. In the same 
s])(;cics their number and position are tolerably constant. In comjiosition, 
the tentacula are j)roccssc‘s given off from the sarcode mass, and arc destitute 
of an integument, as iiroved by their jicwer of coalivscence when approximated. 
They are retractile, and can bo withdrawn into the common mass ; tho}^ can 
til so be directed towards dilfereiit sides, ^and curved u])on themselves. Perty 
states that they can assume so rigid a condition that other animalcules some- 
times impale themsidves ui)oii them ; this statement is nevertheless uncon- 
firmed, and, indeed, seems scarcely xirobable. KdUiker {op. clt. ]>. 81) speaks 
of the fdaments as undergoing various changes of form, “ siu-h as elongation, 

shortening, local swelling, bending, &c It is esiiccially interesting to 

obseiTC that the filaments, singly or together, frequently disappear entirely, 
entering at last, as it were, by continued retraction, into the substance of the 
body, leaving no trace of their former existence. . . .whether the filaments 
which disax)pcar are always rei)roduccd in the same sxiot is not determined ; 
in some instances this did not ai^pcar to be the case, although in every 
instance the number and xjosition of the filaments is pretty constant ’’—unlike 
the variabh? x^roct^sses of Am.a;ha. Khreuberg assigned to the tentacles, 
among other xmrposes, that of organs of x>rt»grossion ; tlirect ol)scrvations are, 
hon ever, waniijig to x^r^^vo this xxii*X)osc, and both KdUiker and Stein are 
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quite uniil)le to admit it as even probable. They have been supposed by 
several authors to have a benumbing effect upon the pre^y they may seize ; 
but this view is merely hjqiothcticaL ‘‘ It is nevertheless,” says Claparede 
ciL li. 287), ‘‘ ciuito certain that small animalcules and plants remain 
adherent to them ; for these rays arc true tentacles. Indeed, their contact 
must have something very unpleasant about it ; for larger Infusoria, even 
such as Parmneciiim Aurelia, on coming accidentally within their reach, stait 
back with the greatest rapidity, sometimes even dragging the Actinophiys a 
considerable distance with them.” So, again, Weston states — “ on the instant 
of contact with these tentacles, the victim appears paralysed.” Yet, withal, 
it seems clear that, unless actual contact ensue, no • harm attends proximity 
to tlic formidable prehensile organs ; for animalcules may frequently be seen 
swimming about unharmed among them. Kdllikcr rejected the supposition 
()1‘ ail intrinsic fatal induence existing in the filaments, which appeared to 
him to serve only for retaining the prey by their adhesive suiTace, and pro- 
bably to involve it with their extremely fine extremities, until they drew it 
by their progressive contraction to the surface. Even after being seized upon, 
an animalcule may escape, both by great exertions in tearing itself away, and 
sometimes, as Mr. Weston remarks, by the act of the Acthiophrys, when, as 
it would seem, its appetite was ‘‘ sated, or the prisoner was not aiiproved ; 
for after remaining stunned sometimes for a few seconds, four or five, some- 
times much longer, ciliary motion (of a Vorticella, for instance) is feebly com- 
menced, not with sufficient energy to produce motion, but as if a return to 
vitality were being effected by struggles ; shortly it is seen to glide off* the 
tentacle (as if this aiipcndage possessed the ^lower both of appropriation and 
rejection), and, frequently with but little sign of recovered life, it slowly floats 
out of the field.” One function distinctly possessed by these tentacula is 
that of sensibility. KdUikor has thus well conveyed this fact (qp. cit, p. 33) : 
— Actinojyhrys perceives mechanical influonces, and reacts upon them by 
movements. This is proved by wliat takes place when animalcules, &c. 
remain affixed to its tentacles, and moreover by the circumstance that, when 
the water in which it is contained is carelessly agitated, eveiy Acthiophrys 
contracts its tentacles and even makes them disappear altogether (and, 
indeed, ^dth greater speed than is otherwise ])orceived in these creatures), 
and when all is quiet they are again protmded. These filaments, conse- 
quently, may just as well be called tactile as prehensile ; or it may more 
generally be said, that the substance of the body is both contractile and 
sensitive.” 

Movements. — ^Thcrc is not much to be said respecting the movements of 
the Actinophryxna ; f(>r these beings are even more sluggish than the AimAnva, 
and appear to change place l athcr as more i)assivo particles of matter than as 
living animals. They may float hither and thither in the fluid sun*ounding 
them, or rise to the surface ; but how this latter movement is effected we have 
no data to show. On this subject KoUiker has the following paragraph : — 
Its power of moving from jdace to place is indubitable ; for it was found, for 
instance, thqt when a vessel, with several individuals qf Acthiophrys, was 
emptied into a flat glass capsule, they were aU at first scattered about at the 
bottom, but subsequently, after from 12 to 24 hours, were all floating at the 
surface, and, indeed, at the side of the capsule. Ehrciiberg and Eichhom 
assert that the ascension of Acthiophrys in the water is effected by the taking 
in, and the descent by the giving out, of air. Hut this is certainly not the 
case ; for whence could they obtain this air ? Can it be sai/l they secrete it 
within themselves like fishes ? In that case it must bo visible. It aj)pears 
t») the author more natural that tlie rising and sinking should be (jffected by 
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alternate contractions and expansions of the whole body. Other motions can 
affect both the filaments and the body, but in any case only through the 
slowest possible contmetions.^^ Besides these ill-understood translations 
from place to place, and those movements chiefly affecting the tentacles in 
the act of taking in food, to bo presently noticed, there also occur, according 
to KbUiker, “ faint indications of contraction, such as slight undulations of 
the bordejr, and inconsiderable quivering motions here and there. The creature 
also seems to be capable of altering its entire form to a certain extent, and to 
be able to expand and to contract itself in toto»^ Stein eontradicte these 
statements, affirming that he could neither observe any movement in the 
organic mass, nor tmy change of position, whilst Claparedc, on the othei- 
hand, writes, ‘‘ nevertheless the animal, in its ordinary sun-Hke form, is able 
to move slowly in a given direction ; but during this movement no contraction 
of the body or bending of the tentacles is to be observed.” A singular obser- 
vation is recorded by Mr. Boswell {T, AT. B. 1854, p. 25), which needs con- 
firmation before it can be accepted, viz. that the Actinophryhm can suddenly 
change their place by a leap. This phenomenon, ho tells us, he witnessed 
twice among a number of the animalcules found floating on the surface of the 
water. Usually the Actinophrys is found attached to some object, and that 
so firmly that large animalcules may strike against it, or strong succussions 
of the water take place without loosening it from its hold. Podophrya and 
De^ulroso'tna are exceptional Acthwphryimiy by possessing a pedicle. In the 
former this stem is commonly short and always simple, whilst in the latter 
and hithei*to little-known genus it is branched. As elsewhere noticed, Stein 
will not admit the pedicle of Podophrya to be a generic, indeed not even a 
specific, distinction, and therefore treats Actinophrys and Podophrya as 
identical. In connexion with his belief in the presence of an enclosing 
integument, he describes the wall of the hollow pedicle of Podophrya to be 
continuous upwards with the external envelope of the body (XXIII. 3, 4). 
It is j)roper, however, to remember, that Stein wanted both to establish his 
hypothesis of the conversion of Vorticella into an Actinophrys and Podophrya, 
as a consequence of the act of encysting, and preparatory to embryonic repro- 
duction, and, fiirther, to assimilate those genera with various Acinetce, which, 
in his opinion, were derivable from other members of VorticeUina, This 
detracts from the value of his details of the structure and functions of Actlno- 
phrys ; and, as expressed above, a great doubt suggests itself whether he has 
always examined the selfsame animalcules, and whether what ho has de- 
scribed applies to the Actinophrys investigated by KoBiker and Claparc^le. 
Cienkowsky, who has latterly tested Stein’s hypothesis, asserts, respecting 
the question of the stnicturo of the stem of Podophrya, that the pedicle is 
an appendage to the body, which has*no integument. “I am imablc” (pp. 
cit, p. 100), he WTites, “ to adopt Stein’s view that the Podophrya are enclosed 
in a membrane, of which the slender pedicle is simply a tubular protrusion. 
This is true only with respect to the short peduncle of the encysted Podophrya ” 
(XXTII. 36, 37). 

Frettension and Entrance of Food. — The movements of the tentaciila of 
Actimphryina are chiefly directed to the prehension of prey tor food. J’his 
they effect primarily by seizing it by moans of their apparently sticky surface, 
and then, by shortening themselves, drag it to the surface of the animalcule. 
If the prey has been caught by one tentacle, the neighbouring ones conspire to 
clutch it more firmly, and (to use Kblliker’s words) “ apply themselves upon 
it, bending their points together, so that the captive becomes gradually en- 
closed on all sides.” This concurrence and crossing of the tentacles is men- 
tioned also by Stein ; but Mr. Weston states that he has never witnessed it. 



248 


OENEKAL UISTOKY OF THE INFUSOBIA. 


ConcGmiug the mode of entrance of the nutritive matter when drawn to the 
surface, some difference of opinion prevails among the several writers who 
have treated of it. Ehrenberg, true to his hypothesis, attributed to Actino- 
phry ina a mouth surmounted by a proboscis, and an anus at the opposite side 
with an intercommunicating intestine and numerous stomach-sacs opening 
into it. In sliort, thej" were, according to his scheme of organization, 
Enantiotreta, of the class Enterodela. Dujardin rejected this account, and 
sui)poscd them to be nourished by absorption, carried on by the general 
surface, or by means of thick expansions from it. At the presenf time all 
observers unite in denying a mouth, anus, and alimentary canal to Actino- 
phryhut, and in admitting that food may be introduced, and its debris dis- 
charged, at any part of the surface, — a fact patent to direct observation, which 
shows the seizing and the entmnee of prey going on, occasionally, at more 
tluin one ijoint at a time (XXIII. 29 -32). We have followed tlie captured 
moi-sel imtil it approaches the surface, and when the force of the tentacles 
behind it stiU tends to press it onwards into the body. The following pro- 
ceeding, according to Kblliker {op, cit, p. 28), now takes place : — “ The spot 
of the surface, upon which the captured animalcule is lying, slowly retracts 
and forms at first a shallow depression, gradually becoming deeper and deeper, 
in wliich the prey, apparently adherent to the surface and following it in its 
re traction, is finally lodged (XXII 1. 29 m). The depression, by the continued 
retraction of the substance, now becomes deeper ; the imprisoned animcTlcule, 
which up to this time had projected from the surface of the Actinophnjs, 
disappears entirely within it ; and at the same time the tentacles, which had 
remained with their extremities applied to each other, again erect themselves 
and stretch out as before. Finally, the depression acquires a flask-like form, 
b)’ the dra^ving in of its margin, the edges of which coalesce ; and thus a 
cavity closed on all sides is formed, in whicli the prey is lodged. In this 
situation it remains for a longer or shorter time, gradually, hoAvcver, ap- 
proaching the central or nuclear portion, and at last passing entirely into it 
in order to await its final destination. In the meanwhile the external i)or- 
tion of the Actiiiophrys regains in all respects its piistino condition. The 
engulfed portion is gradually digested and dissolved.’’ Wliilst admitting 
the general correctness of this account by KbUikijr of the act of inglutition, 
Stein asserts that, i)rior to the appearance of the prey in a depression of the 
body, a large vacuole, rising above the surface, comes into contact mth it, and 
then, by its collapse, drags it downwards into the substance of the animalcule. 
Tins stage he supposed Kolliker to have overlooked. However, -Claparede 
denies that the reception of food is ever effected by means of the expansion 
and contraction of a vesicle, or that, as Kolliker believed, the food penetrates 
the substance of the body by the force exercised upon it behind by the 
tentacula : it is rathcjr, ho says, the substance of the body which approaches 
and embraces the food ; for before the latter has touched the surface of the 
body, it is seen to bo enveloped in a kind of mucus. This muciis is com- 
pletely undistinguishable from the parenchyma of the) Actimphrys ; it appeal’s 
as though the substance of which it is composed had suddenly drawn itself 
over .the captured object. The elevation thus produced then slowly flattens ; 
and by this means the food is gradually drawm into the body. Astasice, which 
I frequently saw sucked in by AcUnop>hrys in this way, continued to move 
for a little time, endeavouring to break through the substance that enveloped 
them ; their movements, howcvci’, soon erased ; they became converted into 
a globular mass, which circulated very slowly through the pnj’euchyma with 
I be so-called vacuola.” . . , . “ At first I thought t he substance, which so 
suddi’iily enveloped llie object to be swallowed, was produced by the mere 
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bending, cxp«ansion, iind fission of the tentacles. I could not, however, 
retain this opinion: an extension of a mucous substance, apparently the 
parenchyma, really takes place from the side of tlio Aclhiophrys ; and this is 
afterwards drawn in with the i)rey. This expansion some; times takes place 
very slowly ; a thick, regularly lobed mass is seen to embrace the object ; 
and I have once observed this extension wdthout the presence of any i)rey. 
1 can only compare this process with what takes place in Aiiueha,^^ Dr. 
Strethill Wright (in lit.) expresses the same fact in a condensed form, 
thus : — “ In Actinoplirys the tentacles bring the food to the surface of the 
cctosarc, which closes over it and carries it to the cndosarc.” Mr. Weston’s 
observations tend to a similar interpretation of the mode of introduction, of 
food. From the margin of the body of the Acthioplirys,^^ says this gentle- 
man, a thin ])ellueid membrane is projected up the side of the creatiu’c 
destined for food (XXIII. 24-32), which progeeds rapidly, but almost 
imperceptibly, to surround one side of it; a similar membrane springs 
sonudimes klso from the ActinoplirySy but more frcciuently from the tentacle 
on its other side ; these amalgamate on the outer surface of tlie prisoner, 
which is thus enclosed in a sac composed of what I take to be the extended 
outer vesicle of the Acihiophrys, This vesicle gradually contracts, or, rather, 
seems to return by elasticity to its original position ; and the food thus be- 
comes pressed witliiii the body, there to become digested.” The conclusion 
to be drawn is, that, after the act of prehension by the tentacles is comjdcte, 
tlie retraction of those processes is succeeded by the 2 )rotrusion of a sort of 
variable process, similar to those of Amwha in character, and also in its mode 
of envelo])ing and engulfing the morsel. 

After its admission into the soft substance of the interior, the nutrient 
matter undergoes a j)roccss of digestion, by which, if soft, it suiFers complete 
dissolution and absor[)tion ; but if it contain insoluble matter, this remains 
behind, afti'r the disappearance of the rest, as a residue to be sooner or later 
cast out through an aijerture temporarily formed at the point of the surface 
it comes into contact wdth, and of which all trace is lost so soon as the act of 
cxtntsion is accomplished. The molecular and granular matters derived from 
food collect especially in the central or nuclear portion of the body, the depth 
of colour, opacity, and strength of which are directly proportionate to the 
supply of food. The particle of food (the animalcide or other substance), 
w'hen in the interior, is surrounded by or suspended in a drop of fluid, or, in 
Dujjirdin’s i^lirascology, occupies a vacuole. This fluid is either drawn in 
by the act of inglutition, or is a secretion x)oured out around tlie food for the 
puqiosc of digestion. Claparcde takes the latter view, and states that the fluid 
ahvays exhibits the same pale-reddish colour as the consents of the contractile 
vesicle, and indicates different refractive powers from those of water. This 
observation accords with one made by Schneider, of the digestive vacuoles of 
Amwba, 

Tlic ])rocc8s of digestion is slow. Claparedo observed the changes of a 
Chlamydomomis, and states that three hours scarcely sufficed for its conver- 
sion into an unrecognizable gelatinous mass. Kbllikcr represents the time to 
vaiy from two to six hours ; but this must differ perxietually according to the 
nature of the food, the vitality of the animal, &c. “ The number, as well as the 
size,” writes Kbllikcr, of the morsels taken at one time by the ActlnopJirys 
is very various. Very frequently there may be 2, 4, or 6 at the same time, 
frequently also more than 10 or 12. Ehrcnbcrg counted as many as !(} 
stomachs, /. e, in other words, so many separate morsels. lie also noticed the 
ingestion of iiufigo, whicli could not have gained admission in any other w^ay 
than that by whicli the Infusoria and other aliments enter. The largest morsels 
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noticed consisted of u Lynceus and a young (jyclops. Eichhom, indeed, 
mentions a water-flea ( Daphnia ?), about the size of which, however, no re- 
mark is made.” Indeed, the Actinophryina arc rapacious animals, and will 
appropriate to themselves any organisms, vegetable or animal, which fall in 
their way. Thus, besides those beings aUiidcd to already, Kotifera, various 
minute Crustacea, Ciliated Protozoa, Phytozoa of all sorts, Desmidiem, Dia- 
tomeae, minute Algae, and their spores ^ike fall a prey to these remarkable 
animalcules. The cxcrcmcntitious particles of food, as already stated, pass 
out at any spot where circumstances may direct them ; and no deflnite anal 
aperture, such os Ehrenberg ima^ned, has an existence. The expulsion of re- 
sidual matters, Mr. Weston (./. AT. /S. 1866, p. 121 ) states he has “ frequently 
seen, — in one specimen twice in less than half an hour, at different spots. In 
watching the digestion of a Rotifer, it ocemTed to me to see a dark body, 
composed apparently of the case, remain for some hours in the same spot, 
and then gradually approach the side, as if for expulsion ; but while waiting 
for this to take place, an opening in another part occurred, and excrement 
was voided in quantity : this voided matter lies amongst the bases of the 
tentacles, while the opening through Avhich it has passed closes ; and then, 
with the same stealthy motion I have before described, it is apparently driven 
along the tentacles (as if by repulsion) beyond their extremities, finally dis- 
appearing in the surroimding medium.” 

Contractile vesicle. — The rule is, that only one contractile vesicle belongs 
to each animalcule (XXIII. 36, 37). If more appear, it usually indicates 
either the approach of fission, or the conjugation of two or more individuals 
(XXIII. 33-35). Kolliker failed to recognize this organ in Actinophrys, and 
concluded that Siobold had described as such the more changeable vacuola. 
However, Stein, Claparede, Cienkowsky, and others eoncur in representing a 
contractile vesicle as normally present \ the first-named writer, indeed, de- 
scribes in a few instances two such, as Sicbold has done before him. Stein 
exhibits, in ActinopJirys Sol, the vesicle as central (XXIIT. 1) ; but other 
naturalists concur in representing it as superficial, — so much so, according to 
Siebold, that it will frequently during its expansion project above the general 
surface, and thereby prove itself to have a distinct wall (XXIII. 29 rn) ; for 
if composed of only the gelatinous parenchyma of the body, it would burst at 
the moment of greatest expansion. It is, therefore, a closed sac or cell. 
Claparede has never found more than one vesicle, and thinks both Siebold 
and Stein in error in describing two. “ Several vesicular elevations,” he 
writes, “ often occur on the margin ; but only one of tl^ese is contractile. I 
have, however, observed two contractile vesicles in several individuals ; but 
in these coses the form always gives rise to a suspicion of fission, or of an 
amalgamation of two indiriduals (Actl difformis, Ehr.). The presence of a 
single contractilo vesicle does not, however, appear to be universal among the 
Rhizopoda ; I have observed two in Arcella vulgaris .... It is surprising that 
Kolliker, who was acquainted with Siobold’s observations, shoidd have cha- 
racterized them as inexact, and as arising from an illusion. According to 
him, Siebold had mistaken accidental expansions and contractions of the sub- 
stance enclosing the vacuoles, in which the latter were persistent, for phe- 
nomena indicating the existence of contractile reservoirs. This, however, is 
not the case ; the size, the unchanging position, and the regular expansion 
and contraction of this organ wiU prevent its being confounded with a 
vacuole. That Kolliker should have overlooked it is particularly unintelligi- 
ble, as the phenomenon is immediately presented by nine out of ten specimens 
of ActinopJirys 

Carter (A. N. H. xviii. p. 120) makes the curious assertion, that the ‘‘AcHno- 
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l^hrys Sol, Ehr., is surrounded by a peripheral layer of vesicles ” (he is speaking 
of contractile vesicles), “ which, when fully dilated, appear to be all of the 
same size, to liave the power of communicating with each other, and each, 
individually, to contract and disciharge its contents externally, as occasion may 
require, though generally only one appears, and disappears, in the same 
place.” Stein describes and figures a row of vesicles immediately beneath 
the surface of a new species he calls Actinophrys oculata (XXII I. 24, 25), 
but does not, like Carter, treat them as so many contractile sacs, an interpre- 
tation which cannot be received without much more extended inquiry and 
(jonfirmation. Notwithstanding this assertion, Mr. Carter, in his outline of 
facts relevant to contractile vesicles in general, has the following clause, ap- 
plying specially to the animalcules under consideration, and giving a most 
apt illustration of the phenomena witnessed: — “In Actinioplirys Sol, and 
other A mtelne, during the act of dilatation, the vesicula projects far above the 
level of the pcdlicula, even so much so as occasionally to form an elongated, 
transparent, mammilliform eminence, which, at the moment of contraction, 
subsides precisely like a blister of some soft tenacious substance that has just 
been pricked with a pin.” At another part, this same author says, generally 
{op. cU. ]). 128), and in some measure contradictorily to the first statement 
(pioted from him, that “in Amoeha and Actinophrys the vesicula is generally 
single ; some timers there are two, and not unfrequently in larger Amcehcca a 
grciatcr number.” It should be mentioned that Stein found in the animal- 
cule, which he took to be Act. Eichornii, a superficial group of vacuola, ren- 
dering the outline irregular, — a phenomenon no doubt the same as that 
intended by Carter. Stein, moreover, described in the same animalcule two 
contractile spaces, one at each pole, immediately beneath the surface, but 
capable? of alternately elevating themselves above, and depressing themselves 
within it, and of thereby aiding to introduce food. 

Podophrya has, according to Stein and Cionkowsky (XXIII. 34, 35, 3(1, 
37), a single circular contractile vesicle. Stein, indeed, figures two in one 
specimen. So far as api^ears, the vesicle is not placed so close to the surface 
as in Actinophrys. Among other structures mentioned by Ehrcnberg, was a 
coiitnujtilc proboscis, by means of which the animalcule was supposed to re- 
ceive food ; but other observers have looked in vain for any process to which 
such an appellation could with justice be apjdied. The structure intended 
by Ehrcnberg is, in Claparede’s opinion, no other than the contractile vesicle, 
— an opinion in which Mr. Weston seems to .agree (see below), although he 
attributes to it a structure and action without parallel in other Infusoria. A 
glance at the quotation above made from Mr. Cartcris paper will show also 
that the contractile sac was intended. The following are the observations of 
Claparedo, refening to the matter in question: — “From time to time a globular 
prominence rises slowly and gradually from a particular point on the surface 
of the animal ; this increases more or less in different cases, sometimes, espe- 
cially in small individuals, attaining nearly a third of the size of the entire 
body, but* generally reaching only ^th or margin of 

this projection is always well defined, much more so than the other parts of 
the body, especially when it has attained its greatest evolution. At this 
moment it contracts suddenly and disappears entirely, so that a flattening of 
the outline is often to be observed at the point previously occupied by this 
remarkable elevation ; the margin soon becomes rounded again ; the globular 
projection gradually rises, attains its previous highest development, and then 
suddenly disappears again.” The following paragraph from Mr. Weston’s 
paper {J. M. S. 1 856, p. 1 16) refers, doubtless, to the selfsame expanding and 
contracting process distinguished by Claparedo ; but the function of respiration 
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and a valvular structure of a very cxtnioidinary natiiro are attributed to it. 
We suspo(it, indeed, that Mr. Weston has been led into error by appearances, 
— a supposition he will j)ardon us for making, since, as he liirasolf tolls us, his 
microscopic experience is less than two years old. His account runs thus ; — 
There appears to be no doubt about tlie existence of a valvular opening : I 
have had some thousands of these animalcules under my observation, and 
have never met with a specimen where the valve was absent. It is best 
distinguished when about the edge of the seeming disc, and, so far as my 
observations go, is never stiU night nor day, — ^being slowly, but without cessa- 
tion, as it were, protruded, occupying from 10 to 70 or 80 seconds in its 
devcloi)m(int, fmd then, like the bursting of a vesicle, rapidly and totally 
subsiding ; for an instant it has utterly disax)pcared, only to bo again as 
gradually and as certainly reproduced. Should that side of the creature, 
where the valve is placed, be turned from the observer, the effects of the 
contraction arc distinctly seen, although the valve itself is not ; for at the 
instant of its bursting and closure, some half-a-dozen or more of the tenta- 
cles, situated on or about it, whicli have been gradually thrust from their 
normal position by the act of its protrusion, now rapidly approach each other 
with a jerk-like motion, caused by the sudden bringing together of their 
bases. 

“ With ith of an inch objective, I liave been led to imagine the valve to be 
fonned of a double layer of the external hyaloid membrane, the edges of 
which appear to adhere to each other tenaciously, notwithstanding the 
growing distension from within, until the force becomes so great that the 
lips, as they may bo called, suddenly separate, n[)parently to give vent to 
some gaseous product ; and at this moment there is, t\s I have stilted, enough 
seen to induce the belief in the existence of a double lip-like valve, perluijjs 
the organ of resjyi ration/* 

He afterwards adds (p. 1 18 ) — ** In many instances I have scon half-a- 
dozen or more prisoners attracted to the tentacles of an individual, each gi*a- 
diudly absorbed ; and although thus busily occupied, no cessation of the action 
of the valve takes place.” 8tein imagined the movements of the contractile 
s;ic to be subservient to the reception of food ; but this supposition, as men- 
tioned already (p. 248), is opposed to analogy, and is wanting in direct obser- 
vation to establish it. 

Among the gencrid contents of the body of Actinophrys, Kblliker (o^j. cit. 
p. 27) mentions some sepaniblc nuclear cells as detached by (jmshing from 
the innermost portions of the animal. When isolated by pressure, they be- 
have themselves as cells, Avith nucleus and nucleolus, sometimes as free 
nuclei. “ The author is, in fact, inclined to regard them as cells and nuclei, 
lying in some of the interior vacuoles ; for such, and such only, are the vesi- 
cular spaces in which they are enclosed.” (XXI 1 1. 29.) 

Nucleus. — Kblliker apjdied the term nucleus, very improperly, to the more 
granular and darker central or medullary x)ortion of the body (XXI IT. 29 A), 
and overlooked the presence of the real nucleus. However, Stein, Carter, 
(lienkowsky, and others have determined the existence of this organ in the 
genera Acti noj^Arys and Podophrya, Unfortunately, some difference} i)revjiiJs in 
the descriptions of this Organ by the several observers, which it is most desirable 
to have removed. Carter (A. N, H, 1856, xviii. p. 221) reiJrcsents it to bo a 
rloudy body, ‘‘ discoid in shape, of a faint yellow colour, and fixed to one side 
of a transparent cjipsttlc, which, being generally more or less larger than the 
iiuch^us itself, causes the latter to ai)pcar as if surrounded by\a narrow ixd- 
lucid ring.” Stein describes it in Actinophrys Sol iis finely granular, band- 
shaped, find curved, or roniform, or rounded oblong (XXIll. 1 h). Cion- 
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kowsky says that the niKilcus of Podaphrya is “ transverse and fi*equontly 
curved,” and tlicrehy implies that it is an elongated body. The nneknis oV 
Actinophrgs oculata (says Stein, j). 159) may be brought into view citluM- by 
crushing the animalcule, or, much more satisfactoi-ily, by adding dilute a<*etic 
acid (XXIII. 24 25 #/). On viomng it from above, it appears like a round 

hyaline cell, containing a granular nuclear mass in its centre, and surrounded 
by a rather condensed .layer of the medullary matter. On its entire detachment, 
by means of the acid, it is seen to possess a distinct wall, having a double out- 
line ; its nucleolus, on the contrary, seems undefined and irregular in 8ha])C, 
com]) 08 cd of a more heap of fine granules. The rclfitivo size of the nucleus 
to the whole animal is veiy considerable. Thus, whilst the majority of spe- 
cimens had a diameter of 1-38 to 1-35'", the nucleus measured 1-125'", and 
its nucleolus 1-250'". From his account of Act. Eivliomii, Stein Avould ax)X)cai* 
to have seen a similar nucleus in that species ; for he states that the round 
nucleus appeared like a nucleus-holding coll, ha\4ng a double contour and 
clcarly-deliiKHl wall, and containing a largo, finely-granular nucleolus. 

Encysttnc. anu Uepuouuctive Puocesses of Actinopuryina : — ^Encystino — 
Fission — Gemmation — Emuryos — Conjugation. — S tein represents his Acti- 
nopJiri/s Sol and Podoplirya Ji:m ns liaving a double integument (XXIII. 1, 3), 
through which the tentacles penctnite, — ^wliilst, as wo have seen, other ob- 
servers insist upon the naked state of the muco-gclatinoiis body of those as 
well as of the other species of Actimphryina, The questions tlierefore arise, 
Avhether the being so named and described by Stein is identical with that in- 
tended by other naturalists, and, if so, Avbether it is not, in the so-called 
encysted condition, at leiist in its earlier stage. For Stein subsequently 
describes and figures truly cncy'sted examples, in whicjh the cyst appears lik(* 
a plicated loose sac around the contracted body, and the tentacles in pait or 
Avholly gone (XVII 1. 3). Cienkowski affirms {pp. cit, p. 101) that the being 
d(^scribcd as Acilnophrys by Ehrenberg is really a non-pedunculate Aclneta ; 
and he furtluir remarks that, although numerous points of relation exist 
between certain vlcmc^a-fonns and Podophrtfn is unable to determine 

whether they should be regarded us identi(?al, or as the extreme) links in the 
morphological cycle of one and the same species. The same critical observer 
details the process of encysting of Podophrya, — a process, by the way, which 
ho has not met with in Xetne^a-form organisms having a general resemblance 
with it. To quote his account (pp, eit, p. 90), If PodopJirym are aUoAved 
to remain several days upon the object-glass, and care is taken not to let the 
water dry up, every stage towards tho quiescent condition — that is to say, 
towards the ‘ encysting ’ — ^may be followed (XXIII. 34, 35, 37). 

In Podophrya this process takes place in the following manner : — On the 
surface of tho body a gelatinous mucohs layer appears to be secreted, through 
'which the tentacles pass. The tentacles disappear in the neighbourhood of 
tho peduncle ; and tho gelatinous layer in this situation hardens into a loose 
transverscly-plicated membrane, whilst at the upper end it is still soft, and 
the tentacles clearly visible. IFltimately these also aro retracted, and the 
entire body of the Podophrya is enveloped in a wide loose membrane ; tho 
plications are caused by parallel annular constrictions, placcfl at equal di- 
stances apart, and separatcd'by circular, angular, or rounded ridges ; these pli- 
cations are in a plane perpendicular to the peduncle. At the summit of tho 
Podophrya, and often also at the base, tho membrane presents deep depres- 
sions ; the inclosed body of tho Podophrkja acquires on its surface a sharply- 
defined smooth membrane, whilst the contents of the body become somewhat 
opaque, enclosing a round clear space. The Podophrya-cy^^t thus formed is 
supported by a peduncle, Avhich is widened at the base. In many instances 
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in which the membrane was not plicated, but loosely enclosed the Pod<yphrya 
like a sae, I noticed that the peduncle of the cyst was continued uninteri-upt- 
cdly into the membrane, of which consequently it must be regarded as a pro- 
trusion, and that it had no connexion whatever with the original slender pe- 
duncle of the Podophrya itself. In fact, I noticed cysts in which this original 
slender peduncle was appended to the saccular envelope. I am unable, there- 
fore, to adopt Stein’s vicAv that the Podophryce are enclosed in a membrane, 
of which the slender peduncle is simply a tubular protrusion. This is true 
only with respect to the short peduncle of the encysted Podophryce, 

“ What afterwards becomes of the cysts I have been unable, in spite of ob- 
servations continued for months, to determine.” 

Multiplication by Spontaneous Division seems now to bo sufficiently de- 
monstrated. Ehrcnberg and other earlier writers, indeed, mentioned the 
occurrence of self-fission ; but their accounts were too uncertain and inde- 
finite, and strong doubts prevailed whether they had actually witnessed that 
process, or the act of conjugation, to be presently noticed. Mr. BrightAvell 
appears (Fauna Infusoria of Norfolh) to have confounded the two processes ; 
for he says — They multiply by division, so that two and sometimes three 
individuals arc seen adhering together by their outer edge — the middle one, 
the parent, being the largest,” — an explanation inconsistent ^vith the process 
of fission as generally underatood. Claiiarede states distinctly that he has 
seen the act of fission ; Weston describes it in Actinoplirys, and Cienkowsky 
in Podophrya. “ With regard to the reproduction of Actinoplirys Solf’ writes 
Mr. Watson (op. cit. p. 119), I can positively affirm that self-division is 
one mode ; for I may say I have witnessed it a hundred times and shown it 
to others. . . .First was noticed a deep depression above and below, not far 
from tho centre of the body ; this, as it increased, threw the tentacles across 
each other, in a manner similar to that described by Kblliker, when in the 
act of inclosing an object of prey. This crossing, however, in the act of self- 
division w'ould appear to bo only the necessary consequence of the depressions 
alluded to, and tho position into which the outer membrane (in which the 
tentacles are inserted) is drawn. As division proceeded (XXIII. 31), the 
two animalcules steadily, but rather quickly, increased the distance between 
them, until the connecting medium was ai)parently a long membranous neck, 
which, to my unpractised eye, appeared composed first of four, then of three, 
then two irregular lines of cells (possessing no nuclei), which ultimately di- 
minished into a single cord composed of three simple cells elongated like the 
links of a chain, tliis becoming gradually more attenuated, until the exact 
moment of its division could not be seen. All this latter portion of the pro- 
cess was rather rapidly performed, — that is, from the first formation of tho rows 
of cells to the time of what I supposed to be the final separation, occupied^ 
only about a quarter of an hour. . .. During the whole of the process, the valve* 
({. e. tho expanding and contracting superficial vacuole) of each segment, situ- 
ated at nearly opposite extremes,, was in constant action, and each creature 
was busily employed seizing its food,” On following one segment after its 
separation, “ a floating faint lino, the broken thread ” (of connexion), extended 
from it; and two of the cells, formerly contained within this bond, were attached 
to its side, but wore in a few minutes drawn into the body of the ActinopJirys, 
which there assumed a perfectly normal character. In Podophrya the process 
of fission is similar (XXIII. 34) ; at first an annulai' constriction displays it- 
self, and so rapidly deepens, that in an about half-an-hour complete trans- 
verse fission is effected. The history of the segments is thus portrayed by 
Cienkowsky (op. cit. p. 98), about ten minutes after the commencement of the 
act of division; — “The upper segment had assumed an elongated form, was more 
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cylindrical, a little indented in the middle, and rounded at each end ; and at 
extremities, slight oscillations to the right and left could be perceived. A 
transverse, and frequently curved, nucleus was visible in the fluid contents ; 
and a lateral contractile space could be clearly distinguished in the upper 
parts. The vibrations increased in frequency and force until the segment 
became wholly detached and escaped. During the process of division both 
segments were furnished Avith tentacles ; but when the oscillations of the 
cylindrical portion commenced, very fine and short cilia might be seen, though 
with difficulty, vibrating on the free end, — the tentacles at the same time being 
retracted, and remaining visible only on the posterior segment. I now followed 
uninterruptedly the movements of the liberated segments. They moved for the 
most part in cuiwed lines, in the course of which the motile segment appeared 
to seek the iUuminated side of the drop of water. Cilia could not be perceived 
over the whole siuiace. The contractile space during the movements was al- 
ways in front. T^ho motions were rapid, but still such as to allow of their being 
followed with a magnifying power of 370 diam. After waiting patiently for 
twenty minutes, I saw the motion cease ; and at the same time short tentacles 
made tlieir appearance, which were protruded more and more ; and in a few 
minutes afterwards the segment regained the spherical form : thus, after 
moving about freely for a time, it was again transformed into a Podophrya, 

** This process of division was witnessed by other observers. It takes place 
more cspcciidly when sufficient nutriment is supplied by numerous Stylony- 
cilice to the Podophrym. The Podophrya does not always divide into two 
equal halves ; the segments are more frequently unequal. After repeated 
division, the si)ccimcns always become more transparent.” This temporary 
production of vibratUe cilia from the surface of one of the Actlmphryina, in 
connexion with the process of fission, is a phenomenon so opposed to received 
notions, that it will necessarily bo admitted with great rcser\^o until confiimed 
by repeated observation. 

The process of Gemmationi^ recorded by Lachmann to occur in Dendrosoma 
radians, a being of wliich we know too little to pronounce with certainty if it 
be one of the ActinophiY^'t^ of the Acmethia. He says (op, cit. p. 231) — 
** In Dendrosoma radians, Ehr., a branch of the nucleus grows into the bud 
whilst it still remains united to the parent animal.” 

Keproduction by Embryos or Oerms has been presumed by several autho- 
rities. Stein, in pursuing the history of the organisms he identified with 
Actinophry^ Sol and Podophrya fixa, satisfied himself of the successive 
development in their interior of a ciliated germ, which he compared to the 
gemma of a Vorticella, into which, indeed, he supposed it subse(iuently to 
fully unfold itself (XXIII. 2, 4, 5). However, as betbre noted, Cienkowsky 
rejects the beings observed by Stein 'from Actinophryhia, and treats them 
as Acinetina ; yet he, at the same time, confirms the production of ciliated 
motile embryos within Acineta, but declares them reconverted into similar 
Podophryce to those that give birt^i to them. Apart from the researches of 
Stein, which have invoked so much attention to the development of Protozoa 
generally, and particularly to that of A^thuyphryina and Acinetina, the idea 
that the members of tlie former family probably reproduce themselves by 
germs has been suggested by the occurrence of very minute individuals, 
either alone or in clusters. Thus Kdllikcr remarks (op. cit, p. 34) that the 
smallest individuals of Actimphrys Sol measured only 0*01'" to 0*02'", and 
presented very inconspicuous and few granules, and that the granular and 
vesicular corpuscles within the nuclear portion of the body may bo germs 
just beginning to be evolved. Mr. Weston is also led to believe in the 
internal generation of minute germs; but the observation he records, as 
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possibly an instance of such a j)roccss, entirely fails, in our opinion, to sus- 
tain the supposition. The occurrence alluded to was that of a thin, pcUicuIhr, 
irregularly-shaped sac — sometimes of two or three such, — which elevated itself 
above the surface of the Aetimi^hrys, and presently burst, emitting some 
fluid and fine granular matter, and then contracted. Docs this emitted 
fluid,*’ he asks, “ contain the germ of future generations?” We think not ; 
for, to our mind, the phenomenon mtnessed was nothing more than the 
bursting of supciflcial vacuola, probably acting as excromontory media; and 
if tliis view bo not correct, Mr. Weston’s is improbable, inasmuch as such a 
dischai'ge of germs from superficial sacs is without parallel in the liistory of 
Protozoa. 

Conjugation. — The remarkable act of conjugation, also known as Zytjosis, 
has attracted very much attention in the class of animalcules undcu' consi- 
deration, among which it is of ver}*^ frequent occurrence. Much discussion 
lias taken place concerning- the purpose of this process. Most of its early 
obscnxrs considered it a reproductive act, a sort of copulation between two 
individuals ; but the tendency of opinion at the present day is to deny it this 
nature, and to treat it as little more than an accidental phenomenon, without 
apparent object or aim. Nevertheless its occurrence is so frequent, and the 
process of so complete a character, that it is hard to believe it to be in vain 
and to no purpose in the ■ economy of the Actimphryhia. A difterence of 
opimon likewise prevails as to the nature of the process, one set of authors 
maintaining that there is an actual fiision and intermingling of substance 
between the conjugating animals, whilst another party asserts that there is 
no fusion, but merely a temjiorary adhesion or accretion between their bodies. 
The determination of this (luestiou is very neccsstiry before wo can si)eculatc 
fairly respecting the purpose of the act. Kollikor, who was among the first 
to carefiilly cxidorc this phenomenon, described it as a process of completi) 
fusion, and surmised it to be of a reproductive character. 8tcin speaks at 
one place of conjugation (ojj. cil. p. 148) in Actinophrys and Podoplirya as 
consisting in a fusion ( Verschnulzuny^ of the animalcule. At another (p. 160) 
he describes it as an organic union of two or more individuals into a group, 
involving no fusion of their contents, -but only a cohesion by their surfaces ; 
and goes on to say (p. 161) that the coming together of two Acthmphrides is 
duo to external forces, and that the first thing observed is an entangling 
together of their tentacles, which act precisely in the same manner as when 
a foreifp body is seized upon, and by their contraction bring the bodies into 
ajiposition. At the same time they fuse together and form a sort of commis- 
sure, which is sometimes areolated, owing to interruptions to its continuity 
by the incomplete confluence of tho tentacles. In the case of Act, oculata, 
several — as many as seven — ^individuals were seen by Stein connected toge- 
ther, in a line, by this inteimiediate commissural matter, which he calls a 
common mantle, — ^but all of them preserving their individuality, just as in tlu) 
instance of other species. Tliis mode of connexion, by means of an interposed 
matter derived from the tcntacula of the conjoined surfaces, explains what Stein 

means by conjugation being a fusion of tho animalcules concerned not a 

fusion or commingling of their substance in general, as some have thought it. 
Cohn, in his account of the conjugation of Actinophrys {Zeitschr, Jl^iid iii! 
p. 66), noticed the connecting band or commissure to sometimes contain, 
besides granules, particles of food, and vacuola, a vesicular body which ho 
presumed to be nuclear, or a germ, developed as a consequence of tho zygosis 
in operation. Stein encountered once or oftener a similar body, but coneludtHl 
that it was accidental, piobably of vegetable origin, and not in any degree 
cmbiy^mic ; and (p. 164) he expresses himself satisfied tlmt this act of con- 
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jugation is not associated with the reproductive faculty. In fact, he has 
never met with the development of an embryo in conjugated individuals of 
his (Acinetiform) Actinojihrt/s and Podophrya, Claparede questions {op. 
eit, p. 286) whether the compound forms noted by Stein and Perty were, as 
they supposed, all derived from conjugation ; and ho proceeds to say that, if 
it be proved that more than two individuals may thus be fused together, the 
connexion of conjugation with reproduction will become exceedingly doubtful, 
and that the term had better be dropped, and either Stein's phrase ** process 
of fusion,” or Ehrenberg'^ word ** zygosis,” adopted in its room. Whatever 
value attaches to Claparedo’s deduction from the circumstance of more than 
two being fused together, there can be no doubt that this may, and indeed does 
frequently, happen. Liebcrkiilin, one of the most recent investigators of this 
group of beings {Zeitschr. 1850, 308), recognizes the occurrence, and obsei^ves 
that the number united may bo estimated by that of the contmctile vosiclcis. 
The process, ho further assorts, is not one of genuine conjugation, but merely 
a temporary cohesion ; for, after watching a group for six hours, he saw tlic 
separation of the several component individuals, preceded by a narrowing of 
the connecting bands or commissures. Such is an outline of the ojnnions and 
statements of some leading naturalists respecting the nature and design of 
this so-called act of conjugation. Tho balance of authority and evidence is 
against the supposition of its reproductive purpose ; but when this view is 
rejected, we have no other to replace it, and are sensible of the want of 
sufficient data from direct observation before a hopeful attempt can bo made. 
Ehrenberg, it should not be omitted to state {Monutsh. Berl. AJead. April 
1854), started the notion that conjugation is intended as a means of invigo- 
rating the species: a curious idea,” says Claparede {op. cif. p. 286), ‘‘and 
not veiy” reconcileable with the ordinary laws of nature.” 

KdUiker {op. cit, p. 100) canvassed the question, if Actinophryina, along 
with llhizopoda, are to be considered cells, and, after an elaborate examina- 
tion of the point, concluded that they must be regarded as peculiarly modified 
simple cells. Claparede, after weighing Xiilliker’s arguaicnts and reviewing 
the structural neculiarities of those animalcules, comes to the opposite conclu- 
sion, viz. thaC‘^us regards Actinophrys in particular, we must either 
drop the class of unicellular animals altogether, or refer this animal to some 
other place.” We do not deem it at all nccessai’y here to enter upon this con- 
troversy ; it has already engaged our attention in other places, and has of late 
lost much of its interest by the extended modifications introduced latterly in 
that particular hypothesis of cell-nature, which, at tho date of KoDiker's 
paper in 1849, exerted so powerful an influence over the histological specu- 
lations of all the writers of that period.^ 

rA)CALTTiEs . — Actinophryhui are inhabitants both of fresh and salt water. 
They occur often as parasites upon the larger Protozoa, such as Stylonychiay 
• and on various small animals of other classes, and seem to draw nourishment 
from them. They are also common among the filaments of Confeh'va and the 
stalks of Lemna, where other animalcules congregate. Another locality is 
amid tlie vegetable debris and minute animals which often fioi^t together, aa 
a dust-like film, on tlic surface of ponds. 

Affinities of Actinophryina. — All recent writers refer this group of beings 
to the Ithizopoda, except Hiebold, who curiously enough retains Actinophrys 
in tho family Enchelia, along with Lexicophrys and Prorodon, two genera of 
Ciliata of quite a different type of organization. Although tho preceding 
sketch of the history of Actinophryhui will afford ample evidence of many 
homologies with the Rhizopoda, yet it will equally display not a feAV differ- 
ential characters, sufficient, we believe, to separate them at least as a subclass. 
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The most striking points of divergence arc the more definite and constant 
figure of Actimplmjina, their peculiarly formed tentacula in lieu of ordinary 
variable processes, and, of minor moment, their greater immobility, and the 
operation of the tentacles in the introduction of food. Adneta was placed by 
Ehrenberg with Actinophrys in a family or order Acinetina ; and most writers 
treat them as if the relation between these two famihos were actually so near. 
A closer attention T^dll, however, prove that something more than a generic 
difference subsists, and that Adneta had better stand as the representative of 
another group, well named Adnetinay although more limited in its significa- 
tion than that so termed by Ehrenberg. The most tangible differences 
between Actmopliryina and Adnetina are, that no food enters the substance 
of the body in the latter group, and that the body is covered with an integu- 
ment. The history of this division, as far as at present known, reveals yet 
other distinctions ; for self-division has never been observed, whilst the pro- 
duction of motile ciliated embryos from the interior has been seen over and 
over again, without, as far as is known, an antecedent act of conjugation. It 
must likewise not be forgotten, that it is the Adnetina which, according to 
Stein’s hypothesis, constitute an intermediate phase of existence in the de- 
velopment of many Vorticellina, Indeed, could this naturalist’s supposition 
be proved, the existence of Adnetina as a class of independent beings would 
at once be sacrificed. Another affinity is discoverable with the Polycystinay 
both in the nature of the soft, muco-gelatinous mass, in the long, tentacular 
filaments, and in the currents of granules detected in the processes. This 
relation is best seen with some Aamtimmtira {vide Muller’s paper, Monats- 
herichty Berlin, April 1855). The Actlnophryina arc related to the Ciliata also 
by their sarcode, by the structure and action of the contractile vesicle, by the 
formation of alimentary vacuoles, and by the nature and composition of their 
granules. But, over and above these general resemblances, a more special 
affinity is manifested if Cienkowsky’s statement, that the fission produced is 
clothed with vibratile cilia, be correct. This degree of affinity must be ad- 
mitted in the case of the Adnetina which appear, as a rule, to generate 
ciliated embryos. 

Since the above history was written. Dr. Strethill Wright, If Edinburgh, 
has most kindly furnished us with notes on several Infusoria, among others 
of two new forms of Actinophryinay presenting great peculiarities in struc- 
ture. Tlic account of these novel genera will be found in the second part of 
tliis work, in the Systematic History of the Actinophryhm, 

SUBFAMILY ACINETINA. 

(Plates XXIII. 1-253; XXYI.’S, 4; XXX. 3, 4, 7, 8, 21-26.) 

The reasons for separating Adnetina from Actinophryinay with which they 
have generally been united, have been stated in the last chapter, where 
likewise the differential characters of the two groups, and the supposed part 
they play in the cycle of development of VorticelliTia, have been examined. 
There remainS therefore, to fill up the history of the Adnetinay nothing more 
than some further remarks on the various forms they assume, and oij coi*tain 
peculiarities in their structure. 

llie form of Adnetce is subject to great variety. Pyriform and ovoid shapes 
arc the most prevalent ; but some are almost spherical, and others, again, 
nearly triangi^r (XXIII. 6, 7, 8, 15, 17, 22, 23). A lobulated anterior end 
is common ; and th^n the tentacles are usually restricted to the lobules (6, 17, 
18). Those lobed forms have no such firm integument or capsule at all as 
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that seen in others ; or the anterior lobed part is undefended by such a cover- 
ing, except of a very delicate and yielding structure. Cienkowsky speaks of 
the Adneta he examined as naked without limitary membrane (XXlll. 40). 
Very frequently, on the other hand, the Acimta is entirely enclosed within 
a stout capsule. This capsule is readily discerned when, as frequently 
happens, the internal animal mass of the Adneta does not fill it ; or it may be 
brought into view by the application of diluted acetic acid or alcohol, cither 
of which causes the shrinking of the contained body. In general the capsule 
appears to be a very thin, colourless, hyaline membrane ; but after the action 
of acetic a<^id, Stein represents it to be, in the supposed Adnata of Opercularia 
Lichtenstehiii, of considerable thickness (XXIII. 22, 23). This thickening 
is doubtless due to the action of the acid in causing the membrane to swell 
out. With the exception of the so-called Actinoplirys Sol of Stein, and the 
Dendrocometes, the Adneiina are attached by a stalk of varjdng length, 
more commonly very short, to the body on which they live (XXII 1. 17, 18, 
22 ; XXVI. 3, 4). This stalk or pedicle is a tubular prolongation backwards 
of the capsule itself, like which, it is hyaline and transparent. 

It is not articulated with the body of the Adnata, but expands more or 
less abrui)tly into the capsule, and has a proportionately greater or less 
infundibuliform figure. Occasionally the stem at the upper part has trans- 
verse nigm, and in a few instances exliibits a sort of longitudinal striae, par- 
ticularly near its junction with the body (XXIII. 3, 4). Stein describes the 
stem of the supposed Adneta. of Ejnstylis, to bo solid like that of an Epistylis 
itself. Frequently the capsule is thrown into transverse folds, at times, of 
considerable depth. There is no aperture in it ; but it is penetrated by the 
tentacles which rise from the contained organic being. The capsule, if in 
some specimens of considerable firmness, would seem to bo in others, even 
when thick, very yielding, — so much so as to allow groat variety in figure by 
the contractions of the contained body, as instanced by Stein in the Adneta 
attributed to Operculada Llchiensteimi. The tentacles of Adnethm have not 
the uniformity of structure seen in those of Actinophryina.^ In some Adnetm 
they closely resemble those of Actinoplirys, arc long, gently tapering, and 
capitate ; in others they form parallel tubular processes, dilated a little, or 
not at all, at the extremity, and cither straight or slightly curved or undu- 
lated ; in others, again, they rather resemble bristles, appear stiff, and taper 
to a sharp point. In the remarkable Adneta called Dendrocometes, the 
tentacular character is entirely lost, and a few most bizarre branched tubular 
processes spring from one to six points of the suiface (XXX. 22, 23). Per- 
haps these processes are homologous with tentacles ; yet, unlike them, they 
seem to bo formed from the capsule of the animal, into wliich the granular 
contents of the interior penetrate, as into hollow tubules prolonged from the 
surface of the organism. 

In certain Adnethm that approach Actinoplirys in external characters, the 
tentacles are equally diffused over the body. In the large pyriform Adneta, 
assigned by Stein to Opercularia articulata, the short slender tubular pro- 
cesses appear chiefly marginal (XXX. 3, 4). The digitate Adi\eta is covered 
by long tapering and thick processes on its dorsal convex su^ace (XStlll, 
21) ; and the Diademiform Adneta has its long setifomi tentacles in twos 
and threes at considerable intervals, chiefly on the margin (XXIII. 15, 16). 
The AcUnophryean Admta of Epistylis plicatilis boars a bundle of long 
finely capitate tentacula on each of its four lobes . (XVIII. 2) ; that of 
Vorticella nehul{fera has two such bundles, — ^whilst the triangular Adneta, 
with its tongue-like process (XXIII. 17, 18, 19), carrier a large expanding 
pencil of shorter obtuse tentacles upon each angle at its base. 

s 2 
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Tho tentacula arc moveable and retractile, the divergent bundles may be 
collected into parallel groups, auJ (b-awn inwards, with the protruding sup- 
porting lobes, to a greater or less extent. Stein affirms that, in tho first stage 
of development, Adnid<v. have no tentacula. 

The body of an Act net ft, within tho capsule or external integument, con- 
sists of soft colourless sarcode, rich in granules, fat-corpuscles, and minute 
globules. It is enveloped by an elastic yielding membrane, which becomes 
most distinct when the body shrivels within the capacious cavity of the 
capsule (XXII I. 3, 6, 8). The body appears in some AcinetcB capable of 
extending itself above tho capsule, which must therefore be fissured in front, 
in the fonri of a tongue-like process (XXIII. 17, 18, 19). A finely granular 
and opaque nucleus is always distinguishable in the interior, usually near the 
centre. Its shape is very varied, and may be oval, ovoid, clavate, reniform, 
band-like, vtwmiform, or horse-shoe shaped (XXIII. 1, 6, 17, 22). In a 
few examples, e,g. of the supposed Adnetu of Opercularia, it is much and 
iiregularly branclied (XXX. 3, 4). ITie addition of dUuto acetic acid is a 
ready and effectuiJ means of bringing the nucleus to light, and of demon- 
strating its enclosing sac ; and as it is more solid and compact than the 
contents around it, it may now and then be separated by crushing tho Acineta, 
The niudeus is enveloped by its peculiar membrane ; a fiict w^hich becomes 
evddent in several cases bj’ the apparent double line surrounding its gra- 
nular mass (XXIII. 6 22). In a few instances, moreover, Stein has de- 
scribed a contractile space within the niidcus, e. g. in that of Opercularia 
herherina. 

Not unfi equently tho nucleus looks as if double, or as sending off a process 
from itself ; a critical examination of such spc'ciinons has convinced Stein that 
the offshoot is the commencing development of the g(^rm or embryo of the 
Acitieta (XXIII, 7, 8, 19). This ho has proved by watcliing the nucleus 
through all its int(jrmediato stages, from a simple ovoid or elongated figure 
imtil the embiyo has grown and sepamted itself from it prior to its escape 
from tho Acineta. Tho nuclear appendix, when separatt'd, is found to have 
an enclosing membrane, which ultimately surrounds the embryo like a sac, 
and admits of a certain degree of movement within it (XXIII. 4, 5). 

Another distinct organ of Acinetina is the contractile vesicle. Usually one 
only is pres4*nt ; but in some instances tAVo, and more rarely three or more, 
make their appearance (XXIII. 1, 5,21). Near tho external margin a series 
of clear vesicular or vacuolar sjjaces presents itself, as in the Diademiform 
AcineUt (XXll 1. 15, 16) ; such, however, present no rhythmical contractions, 
and cannot be regarded as true? eontractilc sacs. The embryos dovelo2)ed 
from Acineke are likewise furnishinl with one, and occasionally with two, of 
those organs (XXll I. 2, 4, 5, 15, 27). Excei)ting tho embryos or germs, no 
other si)ecial structures arc seen amid tho gnuiular contents of Adnethia, 
Alimentar}' vacuoles and particles of food or other matters deriv(?d from Avitli- 
out never make their appearance ; for the body, even if not entirely enclosed 
within the shut sac or capsule, is covered with an integument, and has no 
sign a moi^h for the admission of food. Yet Acincke generally have the 
I>ower of nourishing themselves, by the medium of their tcmtacula, A^Iiich 
appear to act as suckers, drawing in by endosmosis the nutrient juices from 
the animalcules which get entangled by them. 

If Stein’s details be correct, some Acinctiform beings would appear to have 
no power of self-nutrition ; for their substance is described as gradually used 
up in the formation of germs, and this decrease to be folio wc4 by a shrinking 
or collapse of tho capsule, but at a comparatively sloAver rate. This phe- 
nomenon is illustrated by Stein in the Acineta ascribed to Vaginicola 
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crystallina, and in the so-called Acineta with the tongue -like process 
(XXIII. 17, 20). . . ... 

If this account bo admitted, that certain Acinet(B display no power of sclt- 
nutrition, and seem destined only to subserve, as mere media, the purposes of 
reproduction, an independent nature could scarcely be attributed to such 
beings, and their history would be entirely comprehended in that of the 
beings in whose cycle of development they might enter as one link. Lach- 
maiin {A. N. H. 1857, xix. p. 222) has the foUowing account of the mode m 
which Acinetimi nourish themselves : — “ Each ray” (tentacle) ” is a sucking 
proboscis, and we soon see that a current of chyme-particles runs from the 
alimentary^ cavity of the captured Infusorium into the body ot the Actnetcr, 
through the axis of the rays, which, after seizing the prey, ha\e become 
shortened and thickened. In the body of the Acineta the chymo-particl^ 
still run at first in a slender row, but afhirwards they collect in a drop, "which 
although drops are also formed in the chyme of the Aaneta by other suckers, 
soon becomes amalgamated with these. Wlien a considerable quantity 01 the 
chyme of the captured animal has passed over into the body of the Acineta, 
a remarkable change gradually takes place in its apjiearancc : if it was previously 
pale, nearly transparent, and only very finclj’ granulated, larger dark globiues, 
rcsoin])ling fat-drops, now make their appearance here and there ; and these 
soon increase so that the body (which at the same time, of course, incrc^es 
ill thickness) accpiircs a coarsely- granular aspect, and becomes opacpie. ^ Tho 
globules or drops which make their appeamnee can only bo lormed 
body of tho Acineta, as they arc ftir larger than tho chyme-particles which 
are scon flowing through tho sucker. The animal whose^ contents arc thus 
sucked out, gradually collapses and dies ; many become liqiiehed when only 
a little of the chyme is extracted from them, others still live for a long time ; 
in large animals, such as Stylonychia Mytilus, Paramecium Aurelia, &o., the 
sucking often continues for several hours.” 

OaiGix AND Development OF Actnktina.— In our history of the development 
of VortiedUna, Stem’s hypothesis of the transformation of those highly-de- 
veloped Ciliata into Acinetiform beings as a stage of existence necessary to 
their development by embryos, and of the reconversion ot the embryos into 
Ciliata of the primitive type, is sufficiently enlarged upon. In the same 
chapter, moreover, Cienkowsky’s contradictory statement and observation are 
detailed, viz, that, though Acimtee develope ciliated embryos, yet these 
embryos give origin to beings like those they issue from, and are not trans- 
formed into Vorticellina. According to this opinion, the Acinetina take a 
position as independent beings in the animal scries. Stein determined, to 
his own satisfaction, an Acinetiform phase in the following Vorticellina and 
Ophrydina ; — 

Cothurnia maritinia. Spirochona gemmipara» 

Epistylis hranchiopliila. VayinicA)la crystallina. 

Opercularia articulata, Vortwellu microstoma. 

Opercularia herherivut. Vorticella nehul if era. 

Opercularia Lichtensteinii . ZootJiammum affine. 

Oph rydi um versa tile. Carcheshim pyymceum ? 

The description of the Acinetiform beings assi^ed to the species enume- 
rated is given in the Systematic History of the Acinetina, which will likewise 
afford a more complete idea of the structure and forms of this peculiar class 
of beings than {he above general history itself. 
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SUPPLEMENTARY FAMILIES OF PROTOZOA. 

A. — Greoarintda. Their General Characters, Structure, and Affini- 
ties. — ^The Qregnrinida constitute one of the three groups into which several 
eminent naturalists subdivide the Protozoa ; they therefore claim from us a 
brief description. 

. They are of the most simple structure ; indeed, some writers place them 
below the Rhizopods in the animal scries, because, unlike these, their simple 
type imdergoes no fiirthcr elaboration or developmental complication. They 
are parasites, living in the visceral cavities of other animals, and in their 
simple stnicturo are comparable to a cell, or to the ovum of higher animals. 
Thus they consist of a homogeneous albuminous-like matter, with numerous 
granules of coarser and finer character and fat-like globules, enclosed within 
a membrane of more or less perfect structure, which in all essential points 
represents a ccU-wall; besides, they have always one distinct central vesicular 
body or space containing one or more granules, and evidently of the nature 
of a nucleus. Of these parts, the genend mass may bo taken to resemble the 
yelk-matter, and the nucleus the germinal vesicle of an ovum. 

The enclosing membrane is very yielding, and admits of great and constantly 
fluctuating alterations of figure by the vaiying contractions and extensions 
of the internal contractile mass ; but there is no such thing as the formation 
of pscudopodes, as happens among Rhizo})oda. It is entire, without orifice 
either in the shape of a mouth or anus ; consecpicntly no foreign particles are 
ever seen in the interior. Moreover, the Gregarinula contain no contractile 
vesicle, and have never been found to undergo either fission or gemmation. 
Their vital endowments are so slight, that their animality is at first sight 
doubtful ; but, unlike vegetable organisms, their envelope contains no cellulose. 

The above brief account comprehends aU that can be stated generally of the 
organization of these simple creatures, which, if above the Anioehmi in the 
possession of a more or less definite membrane, yet sink beneath them in not 
possessing a contractile vesicle. 

Notwithstanding their simiilicity of structm*c, they yet are truly animal 
organisms, enjoying an independent existenee, manifesting the phenomena of 
motion, growth, nutrition, and reproduction, in the last of which they exhibit 
a peculiar cycle of changes. 

Moreover, there are various notable differences between the various Grega- 
rinida known, with respect to size, figure, to the activity of their functions, 
and to some minuter points of structure. Hence their division into genera 
and species. 

In size they vaiy from four or five lines (as in the genus Didymophrys) to 
a few thousandths of an inch. Of their figure, some are simply rounded or 
oval sacs, as in Monocystis ; others constricted around the middle, e. g. Grega- 
rinida. Again, the majority have a smooth, naked membrane, whilst others 
are armed with a ring of uncini at one extremity, like many Helminthidce, 

When two nuclei occur in a single animal, it probably betokens an act of 
reproduction. ^ The encysting process is exhibited among the Gregarmida, in 
connexion, however, only with their reproductive processes, and has this pe- 
culiarity, that it docs not occur to a single individual, but to two together, 
which become enclosed within the common cyst or capsule. In their progress 
to tills union the two Gregarlnas are seen firat to approach, and then by mu- 
tual pressure to flatten, the opposed surfaces, so that the binate being acquires 
a globular form. The substance to form the cyst is in tho mpantime thrown 
out, of a soft gelatinous consistence, but gradually becomes condensed and 
contracted into a membranous-looking capsule. 
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Stein stated that, on the completion of the act of apposition, an actual 
fusion of the contents of the two animals transpired, the opposed walls being 
previously removed by absorption. Other observers state, however, that there 
is no such removal of the externiil membranes, and that the reproductive 
processes in the interior of each being proceed without any real commingling 
of their contents, which is a subsequent and probably not a necessaiy 
event. 

This act, which, from its general resemblance to the zygosis of plants, is 
spoken of as one of conjugation, appears immediately concerned in the de- 
velopment of a multitude of germs within each Gregarina, by the general 
breaking up of the granular contents. Still, if Lieberkiihn’s account be ad- 
mitted, this process of conjugation is not a necessary prelude to the develop- 
ment of the internal germs ; for, according to it, this result may accrue in 
individuals which have never conjugated. 

The germs assume a rod- or spindle-shaped figure, which, from its re- 
semblance to the prevailing form of the Naviculce^ has suggested for them the 
name of Navicdlcs ” or ‘‘ pseudo-Navicellce,^^ They consist of an external 
comparatively firm wall, enclosing a finely-granular gelatinous substance. 

When the Navicellce ” are sufficiently mature, the cyst of the Gregarince 
bursts and sets them at large. Their future history, according to Lieberkuhn’s 
researches, is, that the case of each psemdo-Navicella ruptures and gives exit 
to the soft contained matter, which at first much resembles a minute Amcehay 
but gradually assumes, by progressive growth and the formation of a pellicle 
around it, the characters of a Gregarina, 

Between this mode of development of Gregarinida and that of the Ciliated 
Protozoa, Lcuckart draws this distinction, that in the former it consists in 
the production of granular germs, in the latter of Uving embryos. But it may 
be questioned whether there is a positive difference in kind between these 
two results of the reproductive process, and whether, on the contrary, the 
Navicellce of the Gregarinida may not be considered as merely encysted em- 
bryos, homologous with those of Colpoda Cucullus among the Ciliata. 

The act of conjugation in the Gregarmida is not precisely like that occur- 
ring among the lower Algae, the leading difference being that in the former 
there is no commixture of the two approximated beings. In all essentials, 
indeed, conjugation in this family resembles that believed to happen in the 
Actinophryina, 

There has been much dispute whether the Gregarinida are to be held in- 
dependent animals, or merely embryonic phases of others ; the balance of 
authority is in favour of the former view. Kulliker and Leydig advocated 
the opinion that they are metamorphic stages of A'nguillulce or F^rice, or a 
link in the series of development of the Helmintlddce. The arguments adduced 
by Leydig are thus briefly ij^tated {J, M, S. i. p. 208, and Muller's ArcMv, 
1851) : — “ In the intestine of a large species of Terebella he was enabled to 
observe the most distinct transition between Filaria-likc Nematoid worms and 
Gregarince. The forms of the latter, which he observed not once only, but 
many times, were — 1. A Gregarina of from 0’02'" to 0*04'" long, which had 
the form of an elongated sac, rounded at one extremity, and* sharp at the 
other. The contents were those usual in the Gregarince — a consistent fluid 
with a corpuscular substance, which did not occupy the pointed end, and im- 
bedded in this a clear vesicle with a nucleus. 2. A Gregariniform creature, 
of a spindle-shaped figure, closely resembling Gregarina TerehelloSy Kohl. 
3. A GregarinOiy generally resembling the preceding, differing only in two 
particulars : the internal substance is arranged in longitudinal streaks ; 
and the body, instead of being straight, is more or loss curved at each end. 
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4. The .same fi rm, but with the body more elongated, vermiform, and for the 
first time exhibiting motion. 5. A very pretty Nematoid worm, about 0*10'" 
long, blunt at one end, sharp at the other; the contents in longitudinal 
streaks, as in the two preceding forms, but with the spaces between them 
wider. Its motions arc very active.” 

This view of a mct 4 moq)hosis being admitted, , the question arises, do the 
GregarinfB become clianged into Fllarias ? or is it that the Filana~]oikc worms 
are transfoimcd into Oregarinc^ ? Although at first inciined to consider the 
former as the ti-ue state of the case, Lcydig is now di.sposed to follow Heule 
and Bnicli, and adopt the latter view ; otherwise it would seem imiwssible 
to account for the formation of the pseudo- NaviceUai and “ Psorosj^emiia ” 
"within the ** OregarinmP 

Kdlliker has the following remarks on this subject {J. M, S, i. p. 212) : — 
‘‘Although the change of a Filaria into a Gregnrmais not an impossilde cir- 
cumstance, before we admit such a thing it is first necessary to inquire whe- 
ther the’ facts stated may not be otheiwisc explained. It is by no means 
proved that the Anguiltula-liko animal noticed by Honle, and termed by 
Jlnich Filaria^ is really a Nematoid woim.” Kdlliker is more inclined to 
regard it as an Infusorium allied to Optdina, Proteus, &c. If this be the case, 
there is nothing extraordinary in its transformation into a Gregarina, and 
finally into a Attvicc/fe-reccptaclc. 

“ For many reasons,” sa 3 ’s Stein {Zeitscln\ iii. 1852), “ the endeavour to 
show the Gregarinn? to be larvm of higher animals, and especially to connect 
them with enc^^’stcid Nematoid worms, appears to bo a vain attempt. Thus, I 
am acquainted with Gregarhun of such peculiar forms that one requires a 
veiy strong imagination to deduce them from Nematoidea, or to supj)Oso they 
can pass into these. The encysted Neumtoulm are alwa^ s found in the cavity 
of the bodj’’ of insects, never in their intestinal canal, where alone encysted 
GregariruH ai'o to be found.” Again, the cysts of the Nematoidea of insects 
are made up of nucleated cells, and are plainly a product of the vital activity of 
the insects, not the exudation of the enclosed worm, while the cjrsts of Gre- 
gnrrnce arc produced as an amorphous secretion from the animals themselves. 
“ If, therefore, enej’sted Neiuatoulea change intd Gregarincr., or vice versd, their 
cyst must undergo a metamorphosis which, perhaps, no one will assume, and 
of which no observer has seen anj’thing.” 

Ijieberkuhii’s observations have gone far in showing that, under usual con- 
ditions at least, the Grcgarinida are not converted into Fllarue or any other 
form of Vermes, but that their germs, after a .short-lived Amoebiform period, 
not amounting, however, to a true metamoi^phic stage, assume the characters 
of their pajent. Thus* the c}'cle of development of those beings appears com- 
plete ; the saccular animal constructs,* bj’ a process of segmentation of its in- 
ternal substance, a host of germs, which, aft^r breaking loose from their 
parent and involving its destruction, emerge from their cases in a soft Amoe- 
biform condition, and soon acquire the mature (Iregariniform condition. The 
Grcgarinida exhibit a marked affinity with other Entozoa, particularly with 
the Trematoda and Opalincea ; and, as before remarked, they arc allied with 
the Amcehma in the extreme simplicity of their structure. By- the possession 
of a limiting membrane (not independent or separable, indeed), they stand 
between the mucilaginous fluctuating Amochcea and the Ciliated Protozoa. 
Unlike the AnicehcBa, they do not receive into their substance solid particles, 
— a circumstance explicable by their being covered by a somewhat resistant, 
hardened lamina or tegument, which necessarily’ impedes that, peculiar intus- 
susception of solid matters witnessed in that family. 

As to habitat, the Grcgarinida are para.sites in the intestines of various In- 
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vertebrate animals — ^worms, mollusks, and insects^ — ^but have not been found 
in Vertebrata. 

B. — PsoROspEHMiA (Plate XXII. 37-41). — This is a small group of para- 
sitic animals, firat observed by John Muller in 1841, closely related to the 
Gregarinida, of which, indeed, they might be included as members. Unlike 
the Gregnrlnfe, they live upon vertebrate animals, viz^ upon many species of 
fish, about their skin, gills, and internal organs, several together enclosed 
within, sacs. 

Leydig has more recently applied himself to the study of these minute 
parasites, and has giv(;n the results of his observations in Miiller’s Archiv for 
1851, of which an abstract appeared in the Journ, of Mic. Sciencey i. p. 206, 
which we shall here, take the liberty of using, as sufficient for our pur- 
pose : — 

“ The Psorospermia are microscopical corjmsclcs of a peculiar kind, which 
may be goiioralLy characterized, in the full-grown condition, as rounded 
organisms, having a sharply- defined outline, with or without a tail-like ap- 
pendage. They are flattened and lenticular in figure, and one pole is usually 
acuminate ; and towards this pole seveml internal vesicles converge in a 
symmetrical manner. These creatures Avere discovered by John Midler in 
1841 (Midi. Arckiv, 1841, p. 477). lie found in a young pike minute round 
cysts in the cellular tissue of tlio muscles of the eye, in the substiince of the 
sclerotica, and between this and the chloroid coat. The contents of the cysts 
Avas a Avhitish substance, which, Avhen examined microscopically, Avas found 
to consist of peculiar elements — the ‘ Psoro.^2}ermta»'* [A detailed notice of 
these obserA\ations is giATn in the Microscop, Journaly vol. ii. p. 123, and in 
the Brit, and Foreign Med, Itev.y January, 1842. J In the following year the 
same observer (Muller’s Archiv y 1842, p. 193) discovered parasitic coi*puscles 
in the SAvimming-bladdcr of a Gad us Callarias, which, although specifically 
distinct from the Psorospermuiy approached very near to the latter in their 
organization, lliey resembled in general a smooth ventricosc Naviculay and 
(consisted of tAVO elongatc^d cases apfilied to each other at the cavity, and with 
an elliptical outline and convex outer surface. They Avere in part free, in 
part enclosed in masses within a tunic. Similar cysts, containing Psorosper- 
mia, have been found by Ix^ydig in several species of fish, and in all parts 
nearly of their bodies, and even in the blood contained in the heart and in 
the peritoneal cavity. 

“ Some facts, hoAvever, obsciwcd by him, connected Avith this subject, which 
came under liis notice in 1850, during some researches on the cartilaginous 
fishes, served to throw a more general light upon these mysterious forms. 

‘‘ In the gaU-blndder of a Squatina Angelus tliere oceurred in the bile, and 
ill large ipiantity, peculiar forms of Wrious organization, but which were 
manifestly developmental forms : — 1 . Koundi d vesicles, consisting of a delicate 
membrane and a consistent fluid ; the latter was of a yellow colour, and con- 
tained a multitude of also yellow' granules. 2. Other vesicles presented, be- 
sides these, other elements of a new kind : in tlie middle of the granular 
contents were several perfectly transparent cellules ; small vesicles had only 
one of these cellules, larger ones as many as six. 3. Other parent vesicles, 
again, exhibited, besidc’s their membrane, a granular contents and sccondaiy 
vesicles, containing Psorospermia, always one in each secondary vesicle. 4. 
In the latter form, finally, the secondary vesicle had attained a large size, 
and the Psorospenn floated in a spacious clear chamber, w hich occupied nearly 
the whole of thp parent cyst. Besides these motionless cysts, there Avere nu- 
merous free Psorospermia in the bile. 

“ He found, upon examination, A'cry similar things in other Ashes of the 
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same class, — ^as in Spinax vulgarisy ScylUum Caniculay Torpedo Narkcy widi 
Raja Batisy in which the Fsorospermia differed from the more usual form, in 
being grooved or ribbed. 

“ It was very remarkable that the abovo-dcscribcd organisms were never 
mot with in any other part or tissue of the body than the gaU-bladdcr or 
biliary duct. 

“ With respect to the nature of these bodies, Leydig is inclined to think 
that the cyst should bo regarded as belonging to the family of the Greyarincey 
and that the Fsorospermia must be looked upon as generically analogous to the 
pseudo- Navicellce which have been observed to be generated within the Ore- 
yarince. 

‘‘ The question next arises, as to the existence of similar Oregariniform or- 
ganisms producing Fsorospermia in fresh-water fishes. Leydig thinks there 
is reason to suppose that the animalcule discovered by Valentin in the blood 
of Salmo Fario is a Greyarina, Moreover, John Miillcr and Leydig have ob- 
served two or three ecaudate Fsorospermia in Leuciscus Dohidst enclosed in a 
cyst, — ^whence it might be supposed that secondary cells may be developed 
within one of Valentin’s Hsematozoa after it has been conveyed in the course 
of the circulation to one organ or another, in which cells Fsorospet'mia may 
originate. With the growth of the latter, the granular contents of the Gre- 
yarincb gradually disappear, which are thus transformed into cysts filled with 
Fsorospe^'mia. Such a cyst would then be equivalent to a iVaviceZZa-recep- 
tacle.” 

Prof. Huxley, in his Lectures on Natural History (Medical Times , 1856, 
xxxiii. p. 508) has the following account : — 

“ The Fsorospermia are pyriform sacs, frequently provided with an elon- 
gated, filiform, motionless appendage, and containing two or four clear rounded 
bodies, attached side by side, within their smaller ends, and besides these, 
as lieberkiihn has lately pointed out, a rounded mass of plasma. Under fitting 
conditions, the Fsorospermia burst, and the plasmatic mass emerges as an 
Amoebiform creature. The sacs in which the Fsorospermice are developed, 
on the other hand, can be traced back to Amoebiform masses full of granules ; 
and it seems a legitimate conclusion, that the Fsorospermia arc the pseudo- 
Navicellce of an Amoebiform Greyarina or Gregarinoid AmcehaF 

SUBSECTION II.— CILIATA. 

(Plates XXIV.-XXXI.) 

According to the arrangement we have adopted (p. 200), the Ciliata, as 
a subsection of Protozoa, are divisible ’into two groups: — 1. Of such as are 
mouthless ; 2. Of those possessing a mouth. The former group constitute the 
Astomay the latter the Stomatoda, 

In Ehrenberg’s system the Astoma were not recognized ; for where he did 
not find a mouth in any ciliated Folyyastrica, he nevertheless assumed its 
existence, supposing that from its minuteness, or some other cause, it merely 
escaped observation. This procedure was, indeed, rendered necessary by the 
hypothesis with which he set out, of their polygastric organization. 

It must be admitted, to Ehrenberg’s credit, that recent researches have 
proved him right in assigning a mouth, in by very far the largest number of 
Ciliated Protozoa, contrary to the assertions and opinions broached by many of 
the most eminent mioroscopists a few years since. Yet there is a limited 
niimber of mouthless Ciliata, independently of the peculiar family repre- 
sented by the genus ActinophrySy placed very erroneously in the family 
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Enclielia by Elirenberg, which must be sei)amted not only from Stomatoda, 
but also from the Ciliata. This separation we have carried out, in consti- 
tuting the two groups Actimphryina and Acinetina, intermediate between 
Khizopoda and Ciliata. Excluding these very remarkable creatures, the 
Ehrenbergian families comprehended in our history of Ciliata are the Peri- 
dinicea, Dinohryhmy Vorticellina, Ophrydina, Enchelia, Colephia, Trachelina, 
Ophryocercinay Aspidiscinay Kafpodea, OxytricJihuty and Euplota, 

Among the Trachelina were enumerated those very simple parasitic beings 
which late observations have proved to be mouthless, and are referred chiefly 
to a genus Opalina, These we therefore abstract, and, treating Opalina as the 
type, have constituted a new family, OpaUmeay a member of the group Astoma. 
In connoxibn with this we have placed the very imperfectly known Peridiniceay 
although some recent writers seem disposed to attribute to them the posses- 
sion of a mouth and digestive apparatus. The organization of the Dinohryina 
is, if possible, still less understood ; and since we have no other descriptions of 
it than those supplied by Ehrenberg, W'e shall allow it to be mustered with 
the other ciliated families named in the large group of Stomatoda. 

Giioup A. — ^Astoma, Astomatous ok Mouthless Ciliata. 

FAMILY I.— OPALIN^A. 

(Plate XXII. 46, 47.) 

Genekal CnAKACTEKS AND FUNCTIONS. — Tliis family, represented by the 
genus OpaUnay consists of minute miscroscopical animaleule^, moved by vibra- 
tile cilia distributed generally over the body, without mouth, of an oval or 
oblong compressed figure, living i)arasitic in the interior of larger animals, 
upon whose juices they nouiish themselves. Their contents consist of a 
fincly-granular substance, hollowed out into a small number of vesicular 
spaces, with no contractile power ; extending through the centre is an elon- 
gated band-like (ligulate) nucleus, enclosed by a definite but delicate mem- 
brane, and composed of a homogeneous fincly-granular substance. In two 
species, 0, Planariarum and 0. undnata (XXII. 46, 47), a large pulsating 
vascular canal is found ; the latter species is also furnished with strong hooks, 
whereby it effects its attachment to the intestinal surface, from which it draws 
its nutriment. Propagation takea place by transverse self-division, and also, in 
the opinion of a few observers, by germs or embryos. The OpalincB arc com- 
posed of sarcode enveloped by an integument, and rapidly undergo diffluencc. 
In several species the existence of a mouth has boon surmised, — for instance, 
by Ehrenberg in Bursaria (^Opalina) Jiamirumy and by Dujardin in Opalhia 
Lumhrici, All doubt on this point may be always removed, Stein teUs us 
{pp, cit. p. 181), by using chemical reagents, such as alcohol, acetic acid, or 
weak solution of iodine, which destroy the fold, and prove no real opening to 
exist. If further proof were wanted, the constant absence of foreign particles 
in the interior might be adduced, 'fhis absence of a mouth affords evidence 
of the merely transitional nature of Opalinmi ; for the same feature prevails 
in the case of embryos produced from the Acimtinay &c. 

The vesicles or, as Dujardin calls them, vacuoles,” seen in ^eatcr or less 
number in all the Opalincea, are irregularly disposed in the interior, and, 
according to this author and Stein, have no limiting membrane. However 
tliis may be, they remain clear and transparent when the rest of the contents 
arc coloured by the bile of the animals the Opalmm inhabit. This fact, 
moreover, attests another, viz. that they cannot owe their formation to fluids 
received from without, but that it must depend on the peculiar properties of 
the contents themselves. The formation of vacuoles in Opalinas was adduced 
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to disprove the origin of the alimentary globules in the Ciliata generally by 
the introduction of liquid from without ; but it is to be remembered that in 
these two groups of organisms w'e have very different structural conditions, 
and that in the Ciliata the entrance of water mostly holding solid particles 
in suspension, through the oesophagus, and the moulding of it into a more 
or less spherical outline, are matters sufficiently proved by direct observation. 
We .have stated above, that the vesicles arc not contractile ; Dujardin has, 
however, described those of Leucophrys stAata as irregularly so. 

The cilia are disposed in longitudinal lines, and in some instances, whore 
there are ridges or margins, present a greater length and thickness, as, for 
instance, upon the edges of the curved surface by which the 0. Plana namm 
adheres. • 

The surface can throw itself into plaits or folds, — an occurrence, how’^ever, 
probably limited to animals in a diseased or dying state, as Perty remarks in 
speaking of Opalina lianarum (op, cit, p. 156). 

The Opalincea are not very active ; they swim onwards, moving at the same 
time in an oscillating manner. 

The above account comprises all that can be stated of the Opalhicna gone- 
rally, since the differences in internal structure among the several reputed 
species are so great, that it constitutes, as Stein points out (op, cit. p. 182), 
a strong argument against the existence of the family as a group of inde- 
pendent beings. However, from the study of the peculiarities of the several 
members of the admitted genus Opalina, this author reduces them to throe 
types, viz.: — 1. Ihe most common form of Opalina, represented by the 
Leucopthrys striata of Hujardin, has an oblong body, marked by some 35 longi- 
tudinal granular striae, and contains a number of vacuoles varying according 
to external conditions, and a central band-like nucleus. This animalcule 
occurs in the interior of the common earth-worm (Lumbricits), Stein found 
them of different lengths from to 1-14'", and in all stages of the 

proceasof transverse fission. When placed in water, they become more active. 
2. The second form differs from the preceding by the irregular distension of 
the body when placed in water : a strong endosmotic currents sets in through 
the enclosing Avail and raises it from its contents, so that these at lengtli i)ro- 
ducc the appearance of a smaller Opalina enclosed within a large one. Du- 
jardin has described this variety under the name of Leucophrys nodulata. 
This Stein would unite with the first named, under the term of Opalina Lum- 
hrici, w^hich, indeed, Schultze applied to the same animalcule. 3. The third 
modification of Opalina might bo treated as an independent species ; for, 
notwithstanding a general resemblance, it has a striking peculiarity of its 
owm, visible under a strong magnifying power (such as 100 diameter), in the 
shape of a single, strong, horny apparatus, placed near the anterior end on 
the flat abdominal surface of the animal (XXII. 47). From a short common 
base situated to the right of the median line, slightly curved, uncinate 
pointed processes are given off, of which one is much longer aild stronger 
than the other. To the left of this organ a fold or furrow occurs in the 
suifaco, whicji might be mistaken for the entrance to a mouth. The deve- 
lopment of this organ may be readily followed during self-division. It 
appears first as a homy protuberance close to the line of section (XXII. 47) 
Avhich extends backwards into the base of the process, and forwards or up- 
wards into the two hooks. It is also worthy of notice, that generally a greater 
or less number of solid oval nucleoli and short rod-lik(J bodies make their 
appearance within the homogeneous substance of the nucleust The Opalina 
Lumhrici of Dujardin is no other than the animalcule described, although its 
chanictors are incorrectly represented by that author, Avho, from his figure, 
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has evidently seen a specimen which has* very recently completed the act of 
self-fissioii and not yet reacquired its rounded posterior extremity.. The 
dark stiipe shown at the fore part, and supposed to indicate a mouth, repre- 
sents the uncinate apparatus above described. Stein Would call this form of 
Opalina the 0, armata, and regard it as a further stage of development of 
his so-called 0. Lumbrici. 

This view is supportiid by tlie fact that lie has never mot wdth ygung 
individiiiils of 0. armata ; for ail the spetjimons he encountered were of a nearly 
equal size, and larger than the largest of 0, Liimhrici, in company with 
which young beings are very common. Thus 0. armata attains a length of 
1-12'" to 1-9'", and 0. Lumbrici of not more than 1-14'" ; even the products 
of fission of the former are from 1-1 G'" to 1-14"'. 

“If now it be considered that, cxcciiting the horny. process, not the least 
difference in structure exists between O. Lumbrici and 0. armata, it is ren- 
dercid very probable that the latter is merely a further stage of development 
of the former. If this be the case, a subseiiucnt more considerable meta- 
morjdiosis of 0. armata may bo presumed, when it becomes transferred to a 
more favourable habitat, as happens when the wonri it inhabits becomes the 
food of some other animal. I have not a(itually seen Opalina armata adhering 
to tlie surface of the intestine, for I have always found it amidst the undi- 
gested mineral and organic fragments which fill the alimentaiy canal of the 
earth-worm. Hence it is more likely that the adhesive organ is destined to 
subsequently fix the Opalina in a more permanent manner.” 

Ilie long pulsating vessel seen in Opalhui Planariarum and in 0, uncinata 
deserves particular notice, by reason of its peculiaiity. Stein has described 
it in the first-named species, where it extends the entire length of the ani- 
malcule, as bounded by a definite, delicate, stnfctiircless membrane, and to 
be without the outlets 8chultzc imagined. It contains a clear liquid like 
water, which, by its rhythmical movements, it forces to and fro udthin it. 
On killing the animal with alcohol, the walls of the vessel are rendered very 
evident. It becomes divided through the centre in the act of self-fission, and 
is, in Stein’s opuiion, not homologous with the contractile vesicles of the 
Ciliata. 

N ucr.KiTS. Sklf-divisiox. Supposeu Embryo. — The nucleus is a very evident 
orgfin in all the Opalhuea, with the single cxcoi)tion of 0. llanarum, in which 
Stein has sought for it in vain among multitudes of specimens and by the aid 
of various reagents. In this same exceptional sj)ecies it is also to be noted 
that he never witnessed the act of fission, yet Siebold (“ Ueber Monostomum,'^ 
AViegmann’s Archiv, 1835) described, in an Opalina living as a parasite in 
the intestines of a frog, the existence of a number of small embryos within 
a cavity of the posteiior extremity of * the body ; whether this animalcule, 
however, was the Opalhui Itanarum does not appear ; for the peculiar habitat 
does not by any mcians ]»rovc such to be the case. 

A contrast occurs in the Opalina Branchiarum, where the nucleus which 
lies in the axis of the body has the same figure as the entire being, and one- 
half its dimensions. Even among examples of the same species the position 
of the nucleus varies exceedingly. Simultaneously with the appearance of a 
constriction in the general figure, the nucleus shows signs of approaching 
fission ; but ere this is manifested it assumes a central position (whatever may 
have been its previous one), so that each of the two future segments may 
acquire an equal scoiion of it. Moreover, it would appear, in some cases at 
least, that the constriction and scission of the body advance more rapidly on 
one side than on the other of the animal. 

According to Stein, the production recorded by Schultze {Beitrdge zur Natur- 
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fjeschichte der Turhellarien, 1851, p. 67), of a granular germ-maas in Opdlina 
Fhinariarum, at the posterior extremity of the animalcule, was nothing more 
than the act of fission misconcoived. The granular contents of the nucleus 
(says Stein) are finer dr coarser in the animals irrespective of their size ; and 
the supposed germinal masses, as the figure given shows, were merely the 
segments of the nucleus in process of division, and not illustrations of the 
ulterior development of that oigan into otjier beings. Schultze witnessed 
this process but once, in a specimen he named Opdlina polymorpJia, but which 
was the same as the 0. Planariarum of Siebold and Stein. 

Habitats, Vital Endowmfjits, &c.— As stated before, the Opalinoia are pa- 
rasites of various animals, tlie most common of which are frogs, newts, and 
other Batrachia, earth-worms (Lumbinci), some shell-fish, as the Anodon and 
the common muscle {MytHus edulid), and of Planarice and several Entozoa. 
They are found in the intestines in the earth-worm, in the rectum and bladder 
in the frog, aniong the cilia of the tongue of that reptile, or among those of 
the gills in the shell-fish, &c. 

As a memorandum touching the vital properties of Opalincrn, wo may quote 
here an experiment made by Kolliker on the vitality and development of the 
spermatic filaments (J. M, S. 1855, j). 298) ; — The Ojmlince move in a solu- 
tion of common salt of 1 per cent., and of phosphate of soda of the strength 
of from 5 to 10 per cent. In a solution of salt of 5 per cent., and of sugar of 
from 10 to 15 per cent., they shrink up and become quiescent, though reviving 
upon the addition of water. I have even succeeded in reviving the Opalinm after 
they had been treated with a solution of common salt in the proportion of 
one-tenth.” 

Nature of Opalin-ea. — The observations of microscopists in general concur 
to prove that these simple b<Jings are not independent, but the mere embry- 
onic or Jransitipnal phases of other animals. This opinion was put forward 
by Schuitze, and has been seconded by Agassiz, Stein, and others. 

Agassiz asserts (Silliman’s American Journal, 1853) that the deficient link 
in Steenstrup’s histoiy of the succession of alternate generations of Cercaria, 
and its metamorphosis into Distoma, is supplied by his discovery that a ge- 
nuine Opdlina is hatched from the eggs of Distoma. Stein coincides also in 
considering them metamorphosed into Vermes, and states that Steenstrup has 
watched the transformation of Leucophnjs anodonta (Ehr.) into an intestinal 
worm. He saw first that the cilia vanished, that they fixed themselves, and 
became by-and-by changed into oval motionless bodies, which continued to 
grow, and formed an internal si)ace, within whicli a gejminal mass was de- 
veloped, out of which Cercaria originated. 

Affinities and Cuvssification of Opaltn-^ea. — Upon this head the first 
point is to settle Avhat genera and sj)ccic8 are to be numbered with the Opali- 
Tupa, For our part we arc disposed to place in this family all Ciliata which 
are mouthlcss, and which lead a parasitic life. As already noted, the absence of 
a mouth is indicative of an embryonic character, an indication strengthened, 
if not confirmed, by observation ; consequently this group of beings is at best 
but provisional, serving only the purposes of definition and nomenclature, 
until science ‘shall be enabled to indicate the particular animals into whoso 
cycle of life they severally enter. 

Furthermore, wc have seen that some reputed species are, in all probability, 
only different stages of existence of the same Opdlina, — ^for instance, the O. 
armaia a more adult state of 0. Lumhrici, And, again, 4he structural differ- 
ences between 0. urwinata and 0. Planariarum (consisting in the possession 
of a singular pulsating vessel) and the rest of the group are so striking, that 
they can scarcely be rightly included in one genus. 
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On turning to the systematic descriptions of various writers, we find much 
discrepancy in detail, and much difference in opinion, respecting both the 
species to be counted among OpalinoBa and their generic distribution. 

The family ‘ Leucophryem ’ of Dujardin, and the Cohdlina of Perty, severally 
include most of tlie species which we would reckon as Opalinoja, These, in 
Ehrenberg’s system, were scattered through several genera, — the majority, 
however, being comprised in his genus Bursaria. Stein points out three prin- 
cipal modifications of form, but is not prepared to constitute them into genera. 

In the classification adopted by the three first-named writers, the Opalinma 
were accounted ordinary Ciliated Protozoa. Perty and Dujardin so far re- 
cognized their peculiarities as to erect them into a distinct family. Sicbold 
went fiui;her, and, on account of the absence of a mouth, placed them, -with 
Asta&icea and Peridinmaf among the Astoma. We coincide with Siebold in 
thus more completely separating them from the stomatodous Ciliata than the 
other authors named, but at the same time look upon them as more nearly 
allied with Ciliata tlian with either Peridinkva or Astasma^ and consequently 
prefer to treat the OpaUncexi as a subgroup of those Protozoa. 

Neither the intimate structure, nor the developmental history of the Opa- 
lincea, is sufficiently well understood for them to be arranged in well-defined 
genera ; nevertheless, as both Dujardin and Perty have each essayed a sy- 
stematic distribution, it behoves us to set their schemes before the reader. 

Dujardin divides the Leucophryi'iis into three genera, viz. Spathidium, 
Leucophrysi, and Opallna. llesidcs these, he has other mouthless genera in 
his fixmily Ploesconiens, viz. Diopkrys and Coeciidina, marine but not parasitic 
animalcules; also a genus Trochilia without distinct mouth, also marine in 
habit, located in the family Erviliens ; and last, the genus Plagioto'ina^ among 
the Bursariens, parasitic in habit, and supposed to have a mouth situated at 
the bottom of a fossa, but which contained no foreign matters, and could not 
bo fed artificially with colouring matter. Of these genera Cocemiina, Dio- 
phrys, and Trochilia arc imperfectly known, particularly tho two last, and 
the absence of a mouth cannot be predicated of them with any certainty, — 
whilst of the last named {Pl<a<jiotO't^id) the balance of evidence is against the 
existence of a mouth, and, as we shall see, this genus is a member of Perty’s 
family Cohalma, and has, moreover, in Stein's opinion, no claim to rank as a 
distinct genus. 

Tho parasitic family Cohalina, Perty, comprises the genera Alastovy Plagio- 
toma, Lew^oplirys, and OpaVma. The characters of these several genera, placed 
by observers among the Opalincea, or some parallel group, together with their 
mutual relations and differences, will bo fully treated of in the systematic 

section of this work. • 

• 

FAMILY II.— PERIDINMiA. 

(Plate X. 224-226 ; XXXI. 16-23.) 

This family, in Ehrenberg’s classification, comprehended four genera, viz. 
Ch(P.totyphla, Chcetoglena, Ptridinium, and Glenodinium', but, as Dujardin 
rightly judged, tho two first genera belong rather to the Cryptomonadirui, by 
being destitute of the ciliary furrow, the leading charactenstic of the Peri- 
dinicea. Our description wiU therefore particularly apply to the two other 
genera, Peridinium and Olenodininm, 

The beings under consideration have received little attention from natu- 
ralists, and are stiU imperfectly understood. Indeed, we feel that no sufficient 
data are at hand whereon to ground an opinion relative to their true position, 
nature, and affinities. We place them here as a supplementary group of 
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Ciliated Protozoa, first, because of their wreath or general clothing of cilia — a 
phenomenon seen among none of tho Phytozoa or Flagollata, which have never 
more than one or two, or, rarely, four filaments or flabella ; and secondly, be- 
cause every author who has described them treats them as animalcules. 
Perty, although recognizing them as animals, nevertheless groups them with 
his Phytozoidia, probably owing to their bizarre form and to the characteristic 
internal organization of Ciliata not being perceptible. Siebold, on tho con- 
trary, places them, together with Euylencea and among the asto- 

matous or mouthless Protozoa. 

Ehrenberg’s description of the Pendinicea is as follows ; — The animalcules 
of tliis family are polygastric, but have no alimentary ctintd ; the mouth is 
usually found in a deiuession near the middle, and from its vicinity a delicate 
filament (proboscis) is given off in three of the genera. They are clothed 
with a shell or lorica, having a traiisvci*se furrow or zone occupied with a row 
of vibratilc cilia ; and besides this wreath, several species have also fine setae 
or cilia scattered over them. In Perklinhim acuminatum, P, fulvum, and P. 
(Ceratium) cornutum the digestive sacs are visible without recourse to artificial 
means ; but in P, Pulviscuhts and P, cinctum those organs can be demonstrated 
only by the use of coloured food, chiefly because they are liiddcn by the 
clusters of ova, to which the colour of the animalcules is due. This is com- 
monly red, yellow, or brown, and rarely green. In Peridinimn Tripos and P, 
Fusus a seminal gland (nucleus) is visible, and in Clujctoylena and Gienodinium * 
a red eye-speck. Longitudinal self-division has been observed in P, Pulvisculus 
and P, Fusus, 

Dujardin, unable to accept these views of their organization, described the 
* Perkliniens * as animals without known internal organs, enveloped by a 
definite resistant membranous loiica, which sends off a flagelliform filament, 
and has, in addition, one or more furrows beset with vibratilc cilia. The 
loiica would appear to have no orifice, since foreign particles and colouring 
mattei’s cannot enter it ... . The members of this family are distinguished 
from Thecamonadina by the ciliated furrow or furrows.” 

Further, Dujardin ignored the red stigma as a gcneiic distinction, and in 
this is followed by Perty. Ehrcnbcrg created a subgenus of Peridinium for 
those species which have the lorica prolonged into horn-like processes, under 
the name of Ceratium, Doth Dujardin and Pei-tj’ retain this appellation, but 
would elevate the group comprehended under it to the rank of a genus. 

Let us now proceed with a resume of the facts at present received respect- 
ing the organization and habits of the Peridinkva. 

The lorica is double, consisting of an outer, more or less firm, non -contrac- 
tile layer, and an inner, homogeneous, hyaline membj ane : usually a space 
occurs between the two coats ; but in' Gienodinium they are in close apposi- 
tion — a double contour, however, being perceptible. The inner layer may 
be taken to represent the primordial utricle ; it immediately envelopes the 
contents, whicih consist of a homogeneous protoplasm, enclosing within itself 
numerous globules, granules, and vesicles. In the case of the smallest Peri- 
dmicea, such as P. Pulvisculus, P, monadicum, and P, Corpusculum, the di- 
stinctness of envelope from contents ceases, and when in a djdng condition the 
whole figure undergoes a great variety of changes— a fact indicating a less 
perfect development of the loiica — and there is a rapid breaking up of the 
contents. In the larger species the outer tunic is more elaborated, and either 
displays a minute cellular or reticulate structure, or appears quite smooth and 
structureless, although firm and resistant (as in Gienodinium cinctum), A 
cellular lorica occurs in Ceratium, and also in various Peridinia, which Perty 
separates from the rest, under the name of' Gienodinium, by reason of this 
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structure. This cxterual tunic is decomposable, although it resists destruc- 
tion much longer than the contained matters ; and it is especially after a 
certain amount of change has proceeded, that its delicate retilbrm stnicture 
is more distinctly exhibited. 

The figure of reridinioia is very various and bizarre : the simplest is that 
of a spheroid divided into two segments, equal or unequal in size, by a trans- 
verse ciliated furrow or zone. In some instances one side is flatter and concave, 
and, according to Forty, presents a wide opening, or elongated fissure (XXXI. 
16), from which the filament may sometimes be seen to proceed. Moreover, 
besides the transverse furrow, a second is seen in some species to proceed from 
it at right angles, as far as the vertex of the anterior half, — as, for example, in 
Dr. Allman’s species Peridinium uherrimum (XXXI. 16, 18), and in P, fusemn 
and P. oculatum. (^Glowdimum chictuni, Ehr.). Indeed, in Ofenodlnkim 
latum Ehrenberg describes several subsidiary, shalloAvor, hispid furrows branch- 
ing over the surface (X. 224-226), and in O, tahidutum a series ot non-hispid 
lines or ridges. These last two forms recall in general features the pollen-cells 
or grains of the higher plants, and may, indeed, from the deficiency of a loco- 
motive filament, and from other exceptional characters, be considered doubtful 
members of the family Peridinhm, An incqufility of the two segments, as 
separated by the ciliaiy zone, is seen in Peridinium Corpusculum and P. mo- 
7 iadicitm, and in a less degree in P. oculatum {Gk^todinium cinctum). The 
figure, however, is very curiously find materially altered by the production of 
tapering or horn -like processes, of a large diameter and gre.at length relatively 
to the pi'iiicipal portion or body of the organism. These processes differ in 
number in different species, and give lise to very bizarre forms, departing 
widely from thos() of any Phytozoa or from any other ciliated Protozoa. The 
number of horns in Ceratium Fnsiis is two, and, being in the same line, produce 
the spindle-shaped figure of the entire being (X. 222, 223), In C,furea 
two occur in front and one of larger dimensions behind ; the same is seen in 
P. Tripos (X. 216, 220), in wdiich, however, the hvo anterior processes are 
curved, — ^whilst P, cornution (Ceratium HirundhuUxi) has from two to three 
posteriorly, and one, usually curved, anteriorly. In Ceratium MichaeUs (X. 
221), again, we sec three short processes project from the posterior half ; and, 
lastly, in C. macroceras ( Pei*ty) three are represented behind, of which the 
central is much the longest and straightest, and in front one still longer but 
rather curved. The length of the horns compared 'with the body of the C'c- 
ratia affords, ho'wcver, no specific character, inasmuch as it varies according 
to age and probably also other conditions. The vibratile cilia are usually con- 
fined to the groove surrounding the lorica, and to the direct continuations 
from it. Nevertheless Dr. Allman discovers in P, xdierrxmum the whole sur- 
face sparsely covered with them ; and Ehrenberg mentions the supplementary 
furrows of Glenodinium apiculatum as occupied with hispid hairs (X. 224- 
226). The locomotive filament, which Ehrenberg failed in seeing in all even 
of his genus Perid/iniwm, is usually of great length and tenuity, and, accord- 
ing to the great Berlin micrographer, proceeds from the neighbourhood of the 
mouth which he believed he detected in Peridinium Fasus in hollow near 
the middle of the animalcule. Allman more definitely points out’its situation 
as being near the junction of the transverse and vertical furrows in the species 
he has described (XXXI. 16). Lastly, Perty states that Ceratium Hirundinella 
(G, cornutum, Ehr.), when swimming, stretches out the filament as if stiff, and 
that, although 2^ times longer than the body, it may be easily overlooked, on 
account of its active swinging movement. It is apparently a production of the 
protoplasm, protruded externally through an aperture in the investing tunics. 
Opinion is divided respecting the existence of a mouth. Ehrenberg repre^ 
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scnted one, and also the possible admission of coloured food, but 'was contra- 
dicted by Dujardin, who denied both. Siebold reckons Peridiniaea among 
mouthless Infusoriti {Astoma), Perty mentions the fossa in the shell, but no 
aperture ; and Allman remains silent on the matter. On the other hand, Lach- 
mann admits its presence, and thus discusses the mode of reception of food 
{A.NJI, 1857, vol. xix. p. 220) : — “Prom the point of insertion of the flagel- 
lum, on one side the large notch, in the upper part of the row of cilia, a clear 
canal passes into the body of the animal, and dilates at the extremity to form 
a cavity of variable diameter. The flagellum is often seen to contract rapidly 
into a spiral form, and apparently disappear ; and not unfrequcntly wo may 
tlion succeed in ])ercciviiig that it is jerked back into the above-mentioned 
cavity, from which it soon retiinis into its previous position. Now it cer- 
tainly appears worth while to see whether small particles of food are not 
earned into the cavity by this jerking in of the flagellum.” 

CoNTKNTS. — These may be divided, as in the Euylence, into minute shapeless 
molecules, and globular corpuscles and vesicles with red stigma and nucleus. 
Sometimes the corpuscles are green, and resemble chlorophyll, but more fre- 
(lucntly they arc red, yellow, or brown, or intermixtures of those colours. In 
the earliest stages, indeed, colour is absent, and, just as in Euglencm, only 
miniite molecula) are found interspersed in the colourless protoplasm. More- 
over, when a colour appears, it may not simply become more intense or darker 
by age, but change to another tint belonging to the same scries of colours. 

In younger specimens jigain, the contents more completely occupy the 
entire being, whilst frequently in old, and more especially in specimens 
withering or dying, they become contracted into a ball, placed cither in the 
centre or more or less to one side (excentric). A swelling out of the external 
tunic, the disappearance of the red stigma, the vibratile cilia, and the filament 
accompany this shrinking of the cell-contents. The retrograde change in 
the contents is further manifested by the appearance of a large vesicle about 
the centre, or of several dispersed smaller ones at that or in other parts. 
Some at least of these vesicles arc merely oil-drops, which, as Braun shows 
in his essay on liejuvcncscencc, are the usual concomitants of a j^rocess of 
destructive assimilation. After the destruction of the cell-contents, the firm 
lorica remains like an empty shell, boldly displaying its sculpturing, and in 
many instances also a curved, apparently internal, stripe about the middle or 
to the right of it, which Perty presumes to be cither the line of attachment 
of the contents or a fold. 

Among more constant structui-es. Dr. Allman describes a central nucleus — 
the organ probably alluded to by Ehrenberg under the name of an oval semi- 
nal gland, in PeAdinSuni Tnpos and P, Fums, Allman describes tho nucleus 
to be of an irregular oval forai, quite colourless, and marked on the surface 
with curved stria) (XXXI. 20) ; under pressure the envelope gives way, and 
the nucleus escapes with tho other contents. A contractile vesicle has not 
hitherto been discovered. One or more large clear vacuoles may originate in the 
internal substance ; but such have not the pulsating power of definite vesicles. 

The red speck or stigma (XXXI. 16, 17) has no pretensions to the nature 
of a visual organ. It is not always present even in examples of the same 
species ; or it is multiplied ; and it is known also to disappear with advancing 
age. Again, Forty recounts the fact of the diffiision of the red colour 
of the speck throughout the whole contents, at times leaving a narrow ex- 
ternal ring which retains its green colour. This phenomenon was witnessed 
in a specimen of OUruidinium dnetum. In young individuals of Peridimum 
tahuhtum, which are of a Hght-green colour and transluccnt,*therc is no trace 
of a red speck ; yet Periy met with a collection of these beings of apparently 
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smaller size than usual, yellow in colour, and not, like older animalcules, 
gi’eenish-brown or brown, wliich had from 10 to 12 red vesicles or globules 
about the middle of the anterior segment, Still the general mle is that in 
veiy young individuals no stigma is present. The inconstancy of the presence 
of the red speck, even in mature specimens, its absence in very young, its dis- 
appearance in old ones, and the many irregularities, not only in its occurrence 
but also in size and number, are facts which sufficiently prove its worthless- 
ness as a generic or even as a si>ecific distinction, and which declare against 
its assumed function of a visual organ in this as in other families of IVotozoa. 

Reproduction. — Longitudinal fission has been seen to take place in several 
species. Self-division, says Leriy, presents many peculiarities among tlie 
Peridim(v.a, In Cerntiurn Uiruiidhiella, fission is longitudinal ; it commences 
anteriorly close to and on the left side of the great hora (as the animalcuhi 
is viewed from above), and advances towards the posterior extremity. The jnn- 
cess is not confined to the large specimens, but is ecpially enjoj^ed by the small. 

During the act of fission in Peindinimn Ihdvlsculua, Perty noticed that 
before its completion the newly-formed segment continued to augment in 
size until it surpassed the original being, which underwent no enlargement. 

Dr. Allman noticed, in the sj)ocics he examined (J. M. S. 1854, p. 25), that 
spontaneous division took place painllel to the annular furrow” (XXX T. 

1 8), e, therefore transversely, ‘‘ and in the unfurrowed hemisphere.” He 
also remarked the important fxet, that this process appears to be invariably 
preceded by a dirision of tlie nucleus ; and he had succeeded in isolating nuclei 
presenting almost every stage of transverse fission. Rut besides their reproduc- 
tion by fission, Perty adopts Ehrenberg’s views and insists on their development 
from ova or ovides, which present tliemsclves in the form of brown or green 
coi 7 )uscles in the interior. Pendinkim tedndatum is often scon to be full of 
siKjh, elliptic in figure, and as much as 1-150"' in length, and which can be 
expelled by pressure from the animalcule. In P. Pulviscidus ].^erty met with 
specimens from 1-400"' which were aggregated together in masses, and moved 
together. In P. Corpimulam, he asserts, development from ovules may be 
directly observed ; and he gives figures of ovidcs set free, and of the young 
generated from them, which would seem the same structures with the addition 
of a cell- wall. The ovules, too, are largo and veiy evident in Cerativm com\itum\ 
and he regards the small brown organisms which may be found in company with 
mature individuals at various times of the year, as the primitive stage of ge- 
neration of those ova before acquiring the perfect figure of Ceratmm, In some 
specimens, indeed, he remarked the long filament peculiar to the species, and a 
red stigma in the posterior segment. The smallest examples measured 1-200'", 
and were at first elliptic ; from this they changed to roniform, and became 
distinguished into an anterior and a posterior half. Their movement was ro- 
tatory or spiral, and quicker than in old individuals. On one occasion he saw 
small examples of Ceratiiim Nirundindla only 1-25'", of the same figure os the 
largo specimens, but completely colourless ; at another time he encountered 
pale brownish-green individuals, xvith a beautiful red stigma, and the poste- 
rior lateral horns scarcely developed, — whilst in one instance ^he anterior 
cornu was completely formed, and the posterior extremity rounded. These 
examples, he observes, appear to be different stnictural phases through which 
the products generated from the ovules have to pass. 

The reproduction by ovules or internal germs has its parallel in Euglenoea ; 
and, like as in this group, so in the family Peridinma a quiescent, resting, or 
“ stiR ” stage appears to occur. Dr. Allman has put forward this fact most 
clearly. He writes {J. M. S, 1854, p. 24) — Before death, and also when 
passing from a motile to a quiescent state, most likely preparatory to under- 

T 2 
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going some important developmental change, the contents contract towards 
the centre ; and then an external transparent and perfectly colourless vesicle 
becomes visible, while the flagellum and cilia disappear. The contracted 
contents present a very definite and general spherical boundaiy% and are evi- 
dently included in a distinct cell ’’ — the primordial utricle. ()n a subsequent 
examination of the pond in which the species examined occurred in prodi- 
gious quantity, he found immense masses ” of the Peridinium “ towards 
the bottom, where they appeared quite healthy, though presenting the condi- 
tion desenbod above as characterizing the quiescent state of the animalcule.’’ 

Our imperfect information respecting the organization of the Peridinimi 
renders any arguments concerning their nature unsatisfactory and inconclu- 
sive. Perty, to whom we ow'o most of our knowledge respecting these crea- 
tures, agrees with Ehrcnbcrg in assigning them an animal nature ; and we 
gather from the few remai’ks Dr. Allman has made, that this opinion has also 
the advantage of liis support. Bujardin, we may add, treated the Peridinioea 
as animalcules. Of the opposite opinion, viz. that they are members of the 
vegetable kingdom, we know of no advocates, although some facts, such as 
the apparent absence of the known internal structure of the Ciliated Protozoa, 
the non-contractility of their bodies, the character, colour, and changes of 
their contents, might be adduced in its favour. However, the force of those 
presumed facts A^dll be much lessened by the consideration that tlie internal 
organization of the Ciliata may yet be discovered in these organisms when 
they receive their due share of attention from microscopists, that even the ab- 
sence of a mouth and rudiraentaiy digestive tube would not absolutely exclude 
them from the aniimil kingdom ; and that in the form and character of their 
cUiary armature they present an animal much more than a vegetable type. 

Of their Vital Kndowmknts, we may state that some swim with consi- 
derable activity by means of their flagellum, aided, no doubt, by their ciliary 
wreath, which probably gives the oscillating and rolling character to their 
movements. 

They are inhabitants both of salt and of still fresh water, among aquatic 
plants, but not of infiLsions ; and they disappear from water when long kept. 
Most of the genus Peridinium arc marine. They may occur in such enormous 
multitudes as to colour the pond or other collection of water in which they 
have accumulated. Of this phenomenon Dr. Allman mentions an example 
in which Peridinium uherrimum was so abundant in the ponds of Phoenix 
Pork, Dublin, tis to colour the water brown: — This colour was sometimes 
unifomily diffused through the water ; at other times it appeared as dense 
clouds var}dng from a few square yards to upwards of a hundred in extent.” 
This Avas in June ; in July the coloration of the ponds had much increased 
in intensity. . . . The colour in some phrts was of so deep a brown, that a white 
disk half an inch in diameter became invisible when plunged to a depth of 
3 to 6 inches, wldle a copious exit stream, which constantly flowed away 
from one of the ponds, presented the same deep-brown tint.” 

The most remarkable vital phenomenon presented by the Peridinicea, and 
which is particularly common in them as a family, is that of phosphorescence, 
which is possessed in a high degree by several of the marine species, having 
a yellow or yellow-brown colour. In nine phosphorescent drops of sea- water 
from near Kiel, taken up one after another by Ehrenberg, nothing save a 
single individual of Peridinium {Ceratiurn) Tripos was discoverable. Besides 
this species, the following other Ceratia are phosphorescent, viz. Ceratiurn 
Films, C, acuminatum, G. Miehaelis, and C. Furca. 

Ehrenberg has reported the occurrence of fossil Peridinicea ; but the or- 
ganisms so considered are peculiar in having a silicious shell, which renders 
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their alliance to this family somewhat doubtful. They are met with in chalk, 
the only secondary stratum, and here in the substance of flints ; but they 
also occur in strata of later formation. Their presence in flints renders it, 
indeed, supposable that their silicious constitution is an ulterior result of the 
infiltration of silex in a state of solution into the texture of their previously 
membranous envelope. They are found in company with fossil Pyxidicula 
and Xanthidm, Ehrcnberg described two fossil species under the name of 
Ceratium pyrophorum and C, Delitieme. 

CILIATA. 

Group B. — Stomatoda. 

(Illustrated by Plates XXIV.-XXXI.) 

The animalcules whose general history wc have now to wiite arc, as before 
mentioned, comprehended for the most part in the families BinohryhvXy 
Vorticellina, Ophrydina, Enchelia^ CoUpina, TracJielina, Ophryocercina, Aspi- 
dismia, Kolpodea, Oxytrichina, and Euplota^ as instituted by Ehrenberg, "with 
the removal of the Opalimva from the Trachelhut, and of the Acinetina and 
Actinophryina from the Enclielia. 

The descriptions of the beings composing these several families, as furnished 
by Ehrenberg, are so tinged by his peculiar views of organization as to mar 
their utility; and therefore, for precision and accuracy of detail, wc have to 
rely in great measure on the observations made within the last few^ years, 
eliiefly by German naturalists. Notwithstanding the persevering industry 
with which these scientific men have pursued their inquiries, many genera 
yet remain almost unknown, or little undei*stood, in respect to tlicir structui’c, 
whether iiitemal or oxtemiil. 

The Ciliated Stomatoda, or as wc shall more briefly style them the Ciliata, 
are microscopical animals having a definite limiting membrane or external 
tunic covercid more or less completely with vibralili' cilia, by which they 
swim ; and when it is indurated, as not unfrequcntly happens, it is further 
furnished with bristles or other tcgumentaiy appendages, by which they 
arc capable of crawling or leaping. They all possess a more or less di- 
stinct mouth, which oj)ens into an a’sophagus or gullet, continued to a vari- 
able extent into the interior as a digestive or alimentary tube, but ending 
abmptly by an open extremity. In many genera a discharging orifice or 
anus is perceptible ; and in all there are a nucleus and one or more contractile 
vesicles. They propagate by self-division, by gemmation, and by internal 
germs or embryos, with a greater or less degree of mctamoiphosis, and they 
undergo the encysting process : the act, of gemmation appears limited to a 
few genera ; but self-^sion and embryonic develoj>ment may be i^rcflicatcd as 
general phenomena. 

lIiMEXsTONs. — In dimensions all the Ciliata are microscoijical ; for if some, 
such as Spirosfomwn, Stentor, Opermlariay ZootJiamnium, Vayinicola, and 
other genera of Volvocina and Ojdirydhia arc visible to the naked eye as 
minute specks or globules, they arc far beyond its ken for any .purposes of 
investigation, and arc therefore essentially objects for the microscope. Yet 
amid these hosts of equally microscopic beings, the range in point of size is 
actually as great as that betw^een the dog and the elephant among animals cog- 
nizant to our ordinary observation. Even among members of the same genus, 
and, indeed, of the same species, their dimensions may vary within limits 
extremely wide. . To quote a few examples : Spirostomum ambiyuum (Ehr.) 
has a length of ^th of an inch ; the branching polyparies in lEpistylis and 
Opercularia reacri ^th in height, those of Zoothamnium -J-th, whilst many 
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stalked VorticelLe extend thfimsclves to y^th in length. Paramecia arc men- 
tioned by Ehrcnberg from j^^^tb to -pr length ; and specimens of the same 
species of Vorticella, viz. F. microstoma, are described to vary in size between 
ff^L^tb and ^tcin has also noticed examples of Chilodon Cimillidm 

from -g-j jytb to j-y yxjth. A most surjjrising magnitude is attained by the polypoid 
masses of Oplinjclium versatile, which mnge between mere microscopic globules 
and aggregated masses tlic size of the fist or even of the bead of a man. 

FrauuE. — In figure the Ciliata exhibit an immense variety, but have a 
rounded outbne in all instances. Tlie prevailing figure is oval or oblong ; but 
some taper much at one or both ends, and accpiire a sjnndle-, or a flask-, or a 
club-shaped aspect, whilst otliers, as the Vorticellina (XXVIT. 1, 2, 4, 10 ; 
XXX. 1, 1), 11), present a bell-shaped or campanulatc outbne, and others 
{igain, as Sinrostomum (XXIV. 298), an elongate ribbon- or band-liko one. 
However, the best idea of the manifold forma can bo gathered by inspecting 
tlic subjoined plates of the Ciliated Protozoa, which render verbal description 
unnecessary. 

The figure is determinate and constant under like phases of existence for 
each species, although liable in the majority to very great changes by the 
contraction and movements of the animtilcules, by their contact with more 
solid bodies, and by the introduction of food. These changes are proportionate 
to the elasticity of the integument and to the contractile ])o\ver of the contents ; 
and hence, in several with firm integument, they are veiy limited, or not 
])ossiblc. 

The figure is also miKjh modified by the processes of multiplication and of 
reproduction. The act of fission mah'rially modifies it ; gemmation does so 
to a loss extent ; but the most remarkable change is caused by the encysting- 
process, which is generally a prelude to the peculiar set of ijhenomena attend- 
ing the I’oproduction by germs or embryos, and, according to 8tein’s views, 
would seem to temninato in actual metamoiphosis or tninsformation of tbe 
beings concerned. Indeed the Ciliata in general appear to j)ass throiigh a 
cycle of changes, each of these entailing a distinct figure ; in other words, 
in the history of each ciliated Infusorium, there are several phases of ex- 
istence, differing from one another in form and other particulars. The histoiy 
of an animalcule, therefore, is comprehended in that of no one form or phase, 
but in that of every one it normally assumes ; nevertheless it is necessary to 
fix upon one phase, either as the most important or the most perfect, and to 
characterize and name it, just as is done in the case of insects, which arc 
described in their mo.st developed or imago ’’ condition. 

Another point to be remembered is, that the figure of a specimen appears 
different in most caSes, according to, the aspect in which it is viewed ; and, 
again, there is often much diversity in shape between j’oung beings and those 
arrived at maturity. Forty has applied the term ‘ inetaholia ’ to express the 
changes of figure animalcules may assume. The figure is extremely varied 
in Lacryniaria by its movements, and chiefly by the lengthening or shorten- 
ing of its elongated anterior portion or neck. This variability of form struck 
Ilaker and other old observers so forcibly, that they applied the term Proteus 
to designate the animalcule (XXIV. 274, 275). Trachelocerca(JSJilY/^l7- 
:319) and Phialma have a sinular power of vaiying their outline ; and all throe 
genera arc further remarkable by the manner in which their surface can bo 
tlirown into transverse or even intersecting folds or plaits. 

The influence of food when swallowed in modifying tho figure, Ehrenberg 
particularly illustrated in his Enchelys Farcinien (XXVIII. group 64). This 
animalcule devours others nearly as large as itself, and, to effect this, widely 
dilates its mouth, and so becomes shorter and broader ; and as during the 
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operation it continues to swim about, its appearance with the halt-swallowed 
being is very curious. Again, when engulfed the anterior portion conti acts, 
whilst the posterior becomes dilated, giving the Enchehfs a flask-sliaped outline. 

In descriptions of the Ciliata, authoi's have used various terms, applied to 
the segments or members of higher animals, to designate varieties in the form 
and in the mutual relation and position of their parts. TIic application of 
many of these terms to the Protozoa is indeed very arbitrary and fanciful ; 
and it is only from the absence of better that we continue to employ them. 
The end of the body which advances foremost in swimming, and at which or 
near to which the mouth is ordinarily placed, is called the head, and often has 
an additional claim to the appellation by its constniction as a scjgment distin- 
guished by some points of structure from the rest of the body. The o])jmsite 
portion of the animal constitutes, when tapering or provided with some sort 
of process, the tail, but is more generally spoken of, os])ecially when not 
distinguishable as a segment, as the posterior or caudal extremity. 

A ‘ dorsum ’ or back, and a ‘ venter ’ or abdominal sm-face, are usually de- 
scribed, but are not readily determinable in all genera, as, for instance, in the 
Vorticellina and Ojfihrydlna. To distinguish the one surface from the other, 
regard must be had to the position of the month (which indicates the abdo- 
minal surface), to that of the locomotive cilia and other processes, and to the 
mode of progression. Put, after all, the distinction ^vill oftentimes be arbi- 
trary, and in consequence the description of a right and a left side frequently 
so too. It is a general cliaracter of the Ciliata, that they arc asymmetrical, 
1 . e, not fomied of two e(iual and similar halves. An exception to this rule 
exists in Coleps (XXIV. 284) and in tin? Ichthydina (XXXI. 28-30), which 
in Khrenberg’s system were included willi the Rotatoria, Where, although 
symnietiy is not visible, a right and a left side are distinguishable, such Infu- 
soria are called ‘ bilateral,’ — e, </, the 0,vytrichhui (XXVIII. 10), Parameemm 
(XXTX. 25-30), Chilodon (XXIX. 48). 

Of minutcjr modifications in the figure of Protozoa, a large number have 
found names Avhicdi will bo b(>.st understood in the special structural details of 
particular animalcules. However, to mention some here used by Khrcnberg, 
we may cite the frontal region or forehead — the obtuse or truncate part of 
the head above the mouth ; the lips — ^iwojcctions above and below the mouth, 
when this aperture is situated in a fissure ; the tongue or i)alatc, usually a 
process in the oral fissure ; the rotary or ciliary disk, seen as a ciliated pro- 
jectile process above the margin of the anterior extremity of the Vortlcellhia 
(XXX. 1, 2, 9, 11, 14). In sevend genem the anterior portion of the body 
is much produced, and looks like a long tubular neck or a trunk, and hence 
is called frequently by Khrenbcrg proboscis, — e, r/. in tlic genera Lacryynaria 
(XXIV. 274, 275), iVachelius (XXIV. 287-289), Amjdiiieptus, and Trache- 
locerca (XXIV. 317-320). This term x)robosci8 wo liave already seen used 
to designate the long locomotive filaments or fiabcdla of Phytozoa, totally 
different processes from those called by the same name in the Ciliata just 
enumerated. Its use for one or the other should be act aside ; and although 
at the best it conveys a very erroneous impression — for no si\ch thing as a 
j)roboscis or tmnk, in the proper meaning of the word, has an existence in 
any of the Protozoa — its application to these is less objectionable than to the 
Phytozoa. In Uroleptus (XXV. 333) the posterior extremity is abniptly 
elongated, and forms, according to the description of the same distinguished 
naturalist, a tail. 

Consistence .T— The Ciliata are composed principally of a very soft, almost 
mucilaginous matter, whidi has been well named ‘ sarcode,* since, like the 
flesh or muscular tissue of higher animals, it seems to present an inherent 
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contractility and ola«ticity, and is the active agent in the movements of their 
bodies. It is hyaline, transparent, and colourless ; but its refractive power 
is not much greater than water, which is essential to the exhibition and 
continuance of its properties, for when this fails the homogeneous mass of 
sarcode breaks up into minute globular portions, which disperse themselves 
on every side. Tliis disniptive process has received the appropriate name, 
froTn Dujardin, of ‘ 

Eckcr states tliis self-same sarcode to be the common contractile element 
of all the lowest forms of animal life — ^for instance, of the Polypes. The par- 
ticles set fi’ce by ‘ dijjluencey he also represents to be contraetDe, and to 
assume AmtjehaAi^c movements ; but this, according to Cohn and Stein, is 
an error, inasmuch as they arc simply elastic. Cohn also adds that the 
variable movements of the sai’codc-particlcs of Hydra arc merely a physical 
plicnomenon due to endosmosis. The process of difflucnce, whether from 
external injurious conditions or damage, or from noxious matters received 
within, varies so much in rajiidity, that Cohn {Zeitschr. 1851, hi. p. 267) con- 
cludes that it must indicate some variations in its composition and structure 
in different animalcules. For instance, he says, Stentor ctemleus bursts ; and 
its contents break do>vn by diflfiucncc as rapidly as sugar in water, streaming 
out from the rest until tlie funnel-like pharynx only is left behind. On the 
contrary, in other animalcules, e. y. Paramecium Aurelia, the sarcode exudes 
through the surface at all points, and swims away, leaving a vacuolated or 
arcolatcd interior. Again, Tjorndes breaks up into fiugments of a considerable 
size, Avhich escape through lacerations of the siu’fice. 

IXTEGUnENT. MaUKTNGS ON THE SuilFACE. CoNDEXSEU InTEOUMENT OK 
Lokica. ArpEXDAOES OF Integument. Cilia. Spines. Extehnal Sheaths. 
— Ehrenborg desciibcd his Polyyastrica as in all cases defended, and their 
figure defined, by an integument or skin, — a statement as generally contra- 
dicted by Diijjirdiu, though now confirmed (in the case of all the true Ciliated 
Protozoa) by the researelies of numerous later naturalists. The means resorted 
to for its demonstration, where not otherwise evident, consist in the application 
of chemical agents — for example, of acetic acid, of tincture of iodine, and of 
diluted alcohol, all which operate in a different manner upon the integument 
and on the contents of the body, most frequently causing a separation of tlic 
two by coriTigating the latter, and, it may be, colouring it at the same time. 

Perty could not (convince himself of the existence of an epidermis, althougli 
he believed the external surface to be modified so far as to render it more 
resistant, or in fact to form what Mr. Carter cjills a pellicle ; at the same time 
he attributed niaiks or lines visible on the surface to fat- or other corpuscles 
subjacent to it. ‘‘ The pellicula,” Mr. Carter says, “ is a structureless pro- 
duct, which hardens after secretion ; and the inference is that there is a layer 
below specially organized for its formation,” and that it is not secreted by 
the lamina known as the “ cortical layer” or the “ diaphano.” 

On the other hand Mcyen, Biebold, Kdlliker, Frey, and Leuckart concur 
in describing a distinct enveloping deKcatc membrane, which Frey thought 
evidenced both by tho manner in which an animalcule ruptures under pressure 
and gives vcnl to the soft contents, and by the appt^arance of little shreds ho 
noticed on tho tom edges of a Stentor, A more direct demonstration was 
afforded by Cohn, who rcsoried to chemical reagents for the purpose. 

This excellent observer experimented with several of the larger Ciliata, but for 
illustration referred chiefly to Loxodes {Paramecium) Bursaria, Stein argues 
that the animalcule so described by Cohn was not a Loxodes, Par anweium, 

since all its cilia were of equal length, a feature peculiar to this genus (Stein, 
op, cit. p. 230). On adding a little alcohol to a drop of water containing 
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Bpecimeiis of this animalcule, death ensued ; but before this happened, a deli- 
cate membrane was seen to elevate itself at parts of the surface, producing a 
vesicular appcarunce, and accompanied by a shrinking of the contained matters ; 
while those changes proceeded, sevoi*al contiguous vesicles would run into one, 
and tlius strip more or less completely the subjacent tissue, until, by the pro- 
longed action of the alcohol, a central shmnkcn mass appeared, surrounded by 
a loose membrane, adherent to it only at the 8i)ot where the mouth was con- 
tinued inwards as a pharynx. This membrane, so demonstrated, is homoge- 
neous and transparent, but not entirely structureless ; for close obseivation 
reveals, over its entire surface, two series of spirally-disposed, delicate, and 
closely-approximated lines, which so intersect one another as to produce a 
miniature diamond pattern (XX FX. 2(1). Further, the notched or serrated 
appearance of the periphery (XXIX. 28, 29, 80) shows that tliesc lines are 
actually folds or furrows, and that each little diamond may be rei)resonted as 
a minute four-sided pyramid beaiiiig a cilium at its summit. 

* lly pursuing a similar plan of investigation, a separable integument has 
been demonstrated in many Ciliata. For instauce, Stein described such a 
covering in the several genera he subjected to obscu’vation, and proves its ex- 
istence {ilso after tlie process of encysting has taken place. On adding dilute 
acetic acid to the Vorticeflina — for examide, to s])ecimons of Ejfisit/lis or Oper- 
cu/aria — the contents shrink into a denser mass, and in so doing detach them- 
selves from the integument, which is then rendered evident as a transparent, 
structureless, homogeneous, and smooth membrane, having a clear, sharp out- 
line. AVhen tincture of iodine is a])plied, the integument remains uncoloured, 
whilst the contents accpiire a golden-yellow tint. A solution of sugar, and 
afterwai ds a drop of concentrated sulphunc acid, being used, eauKos tlie con- 
tents to swell up and to assume a rosc-red colour, the external wall continuing 
ULicoloured. 

llesj)ecting the chemical constitution of the membrane of Lo.vodes, Cohn 
informs us it is soluble neither in sulphunc acid nor in potassa, whilst the con- 
tents arc dissolved and dispersed by the latter. From this rcjaction ho con- 
cludes that the cuticle is not a proteinc compound, like animal membrane in 
general, but the sulistancc called chitim, and therefore in this respect similar 
to the cuticle of ]dants. In Parewtecium, he adds, an integument having the 
same sort of markings and a similar chemical reaction exists, and that, with- 
out doubt, all the sjjecics described by Dujardin as having a reticulated 
eiiveloj^e, in his families ‘ llursaricns ’ and ‘ Parameciens,’ have a like structure. 
Moreover, this skin has its special characters in ditfercint genera, as is illus- 
trated in the above account of Paramecium Bursaria, and may be exemplified 
in other cases. Thus in Coleps and Stentor pfoli/morphus, the cuticle is so 
intersected by lincjs as to leave intermediate four-sided prisms, each of which 
Ileal’S a cilium at its apex, whilst at the intersection of the lines, singh? long 
hairs are also seen, similar, says Lachmann {A. N. //. 1857, xix. p. 1 25, in foot- 
note), to the hairs of many Ihirhellaria. Again, Ophrydium vermtile has its 
integument thrown into fine, closely-aggregated, annular folds, and into three 
longitudinal rugm on one side (XXX. 5), which disappear when the animal 
shortens itself by contraction (XXX. 6). Spirochona (XXX. 17), says Stein 
(p. 208), has a hyaline, firm, inflexible parch ment-Iikc skin, with a distinct 
double outline, but without any inherent contractility. It is most like the 
integument of Eiiplotes, but differs apjiareiitly in not being capable of falling 
into folds around the body. It resists the action of acetic acid, which dis- 
solves out the wtiole of the living contents, and leaves it in an isolated state. 

Whilst representing all animalcules to be covered wdth an integument, 
Ehrenberg distinguished those enclosed by a firm, more or less unyielding. 
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envelope or sheath, as ‘ loiicated,’ in opposition to the rest, which ho called 
‘ illoricated.’ These terms he has, however, employed in so loose a manner, 
that they really possess no definite and constant meaning. For example, the 
sheaths of encased animalcules represented by the Ophrydina are designated 
loricae, the enclosed animal, although possessing a distinct interment, being 
considered naked, — while, again, the indurated closely-fitting integument of 
Euplotes and Coleps is equally styled a lorica, although so different in cha- 
racter and relations. The term lorica could only, indeed, bo legitimately 
employed cither to designate the sheaths of such animalcules as the Ophry- 
dina^ or the indurated integument of others, as Coleps, — to one or the other, 
but not to both ; to the former it is unnecessary, to the latter it is admissible. 

The integument of the Ciliata has generally been regarded to be in itself 
contractile ; but it seems that this is an error, and that, in fact, it is simply 
elastic. As such, its action must bo counter to that of the subjacent con- 
tractile layer, and be therefore the chief agent in restoring the figure when 
the contractile force is relaxed ; at the same time its elasticity will allow of 
considerable alterations in form, from contact and pressure of external more 
ligid objects. To this an exception occurs in the case of those Ciliated Pro- 
tozoa in whicli the integument is much hardened, and forms a lorica or shield. 
This induration may be more or less exttmsive, so as either to cover the dorsum 
with a shield-like plate (scutellum), as in Chlamidodon, or to entirely sur- 
round the animalcule, as in Colepa, when it constitutes an ‘‘ urceolus,’’ open 
at the ends. 

The external envelope, when thus hardened, has developed from it various 
processes, of a more or less rigid character, which look like spines (setae) 
(XXIV. 284, 285), or hooks (uncini) (XXV. 344, 347), or are elongated as 
styles (XXXVIII. 10 ; XXV. 350, 351), all which are oftentimes made sub- 
servient to the act of locomotion, and loss frequently to tluit of prehension also. 
It must, however, be admitted that such processes are not confined to genera 
in which the integument is very appreciably indurated, but occur where it is 
of softer consistency — for instance, in StylonycJua (XXV. 343, 344). 

The integument is combustible and also difHuent, even when indurated, just 
as are the softer contents, although more slowly. 

Kxteknal Sheaths or Cases. — Before quitting the account of the common 
integument or cuticle immediately investing the body of the Ciliated Protozoa, 
a description of an homologous membrane, in fact, of a prolongation, dedu- 
plication, or process of it, in the form of an external sheath or case about 
certain fixed species, becomes necessary. 

The species so encased are either sessile or have only a short stalk attach- 
ing them to the bottom of the case; thus Vayinicola (XXVII. 10, 11) is 
stalkloss or nearly so, whilst Tlntinnus has a more appreciable pedicle : on 
the other hand the case itself may be stalked, as in Cothumia (XXX. 1 2-16) ; 
where this happens, the stem does not equal the length of the sheath, but is 
short, solid, and thick, expanding upwards to its attachment with the base 
of the latter, and frequently thrown into transverse folds and curved (XXX. 
12, 15).. Itis homologous with the rigid stem of EpistyUs, which it resem- 
bles also in chemical characters. 

A very remarkabh? oxcei)tion to the general rule of the attachment of 
tunicated Vorticellina to the bottom of their case, occurs in the new genus 
LnyenophnjSj in which the animalcule is suspended from the narrow aperture 
of the sheath, so as to leave a more or less considerable space around it 
(XXX. 29-34). The margin of the head of the animal, i. the peristom, is 
beneath the opening of the sheath, which lias the further iieculiarity of being 
vciy narrow and two-lipped (XXX. 29, 32, 34). In one species (L\ nassa) a 
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cylindrical short tube, with a serrate edge and longitudinally striated, is re- 
presented by Stein to project from the opening of the sheath. It is, he adds, 
se 2 )arablc above into two li 2 )s, which close when the animal retracts itself. 

It is not very unusual to meet with sheaths occuj)icd by two animalcules, 
— a circumstance duo to the act of self-division (XXVII. 10 ; XXVIII. 19). 
In a few instances also, one, two, or more small young individuals lie free 
within the sheath of the parent, e. g, ‘Lagenophrys (XXX. 29, 34). The 
sheath is always a product secreted from the animalcule, and first makes its 
a])pearanco around its base as a soft, homogeneous, colourless, jelly-like matter. 
During the process of its formation, the animal preserves a contracted state, 
which diminishes, however, as the excreted layer adviuices, and ceases on its 
completion ; and since each genus has a characteristic outline, lus well in the 
contracted as in the cx{)ande(l condition, the sheath accpiires also its special 
character only. More or less of the posterior extremity is concerned in ex- 
creting the formative matter ; but this having adhered to the anterior part 
whilst in a contracted state, becomes drawn foi*ward by the progressive 
elongation of the entire body, until at length, on full expansion taking 
idacc, the connexion is broken and the sheath accpiires a free edge. So soon 
as excreted, the gelatinous layer j>rocecds to solidify, and simultaneously to 
contract itself in thickness, so as to form a membrane, which, on its subse- 
quent detachment from the fore i)art of the animal, forms a loosely-investing 
ease around it. This descri 2 )tion of the constniction of the she.ath apidies to 
all those genera where the animal is fixed at the bottom ; but in the instance 
of LitgenophrySy where it is suspended from the constricted orifice of the case 
by its peristom, some otlier plan of formation must be presumed, concerning 
which, however, we have as yet, unfortunately, no direct observation to teach 
us. In several si)ecies, as Cothitrnia hnherhhy the sheath not merely acquires 
a parchment-like firmness, but also a decided colour — mostly yellow at first, 
afterwards a rusty red. 

J)r. Htrethill Wright, of Kdinburgh, has kindly sent us some notes on tlic 
intimate structure of the sheath of Lcigolla ; and doubtless they hold good to 
a greater or less extent, so far as they represent general facts, in the case of 
sheaths of otlier Ophrydhm, He ^vrites — “ Th(5 tube consists of yellowish 
chi tine, lined with a layer of dark-green sarcodo of varying thickness (which, 
I believe, secretes the chitine), and covered externally by a much thinner 
layer of matter, wliich appears to be equivalent to the ‘ colhtoderm * of tlio 
Ilydroidiv.'*^ This structure is illustrated by figs. 12 and 13, VI. XXXI. 
The following account ajiplies sj)ccially to the sheath of Tjagotia (XXXI. 7, 8, 
12, 13), which presents a series of rings, apiiarently spiral, Wt, in our opinion, 
not so. “ The lines,” says Dr. Wright^ “ arc seen to consist of the remains of 
the tnimpct-shaped moutli, wliich is partially absorbed as the tube increases 
its length, but still remains as a slightly-overlapping ridge over the new part 
of the tube growing within it. The groove thus formed is filled up with the 
‘ colletodenn,’ The spiral character seems to be in some way connected mth 
this mode of growth ; but I have not satisfied myself in wlint way.” In a 
subsequent letter he writes — “ The chitinous matter of each fiucce»ssive ring 
is not continuous with that of the rings above and below it ; it is only at- 
tached to it by the inner lining of sarcode and by its outer covering (XXXI. 
12, 13). We have by this condition a provision for the growth of the tube, 
both in width, length, and thickness, similar to that which occurs in the 
shell of Echinus. Growth in length may bo effected by deposition of chitine 
on the upper g-nd lower edge of each ring, growth in breadth by the gradual 
unrolling of the spiral, while a continuous deposition of hard matter from 
the inner lining of sarcodo thickens and strengthens the whole tube.” 
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In speaking of the attachment of the sheath, we have mentioned only that 
by the base, with or without a stalk. Ihit there are a few forms which affix 
themselves to foreign bodies by one side of their sheath, e, g, Vaginicola 
decurnhens (Ehr.) and the genus Jjogenophrys. In such cases the attached 
side is flattened, so as to increase the surface in contact. 

But, aimrt from the mode of attachment, the sheaths of different genera 
vary in figure ; and as to size, there is no constant relation between that of the 
case and that of the enclosed being. The figure of the sheath, even in one 
and the same species, is subject to modification from age and from surrounding 
circumstances. Thus, in Vaginicola crystdlUna it is usually cylindrical and 
truncate (XXVII. 11), but at times it may be bellied posteriorly (XXVII, 1 0), 
or, otherwise, have its anterior border expanded and curved outwards, or be 
narrowed in front, or comjjressed in one direction. Nevertheless there is 
usually a general resemblance in figure among individuals of the same species or 
genus, sufficient to furnish descriptive chameters. For example, Cothurnia 
imherhis has commonly a cylindrical sheath, bellied posteriorly and slightly 
(jontracted anteriorly (XXX. 15), whilst (7. Sieboldii is campamilate, and has 
its anterior half compressed in one direction, and its angles in front prolonged 
and tapering (XXX. 13, 14). In the genus Lagenojdirgsy when adherent by 
its flattened side, the sheath appears ovoid or sha])ed like a bellied oil -jar, with 
a contracted truncate mouth (XXX. 29, 30). A peculiar form of sheath is 
presented to us in the genus Lagotm (XXVIII. 21, 23), which may be de- 
scribed as retort- shaped, the relative diameter and lengtii of the body Jind 
neck differing in different specimens or species. In ono species, at least, the 
neck has the furtlier peculiarity of being ihrowm into si)iral or, otherwise, 
annular folds or rings (XXXI. 7, 8), the presumed foiin and origin of which 
have just been described. 

We are further indebted to the discoverer of Lagotki for the recognition of 
a remarkable valvular stnietiire within the tubular sheath of a species of Va- 
ghiicohiy which he in consetpienee names Vag, valvata (XXVIIT. 18, 19). 
Dr. Wright states {Kdin, New Phil, Journ, April, 1858) — “On examining 
the valve in situ, I found it to consist of a rigid plate imbedded in a thick 
layer of transparent sarcode (XXVIIL. 18 b), which latter was continuous at 
the lower end of the valve with a thin layer of the same substance, lining 
the whole of the interior, and coating the ii])per part of the exterior of the 
tube. The valve was closed by a contractile process passing from its under- 
surface to the w’all of the tube .... I am disposed to consider the Avhole ap- 
paratus to consist of an oval plate of soft sarcode, supported by an included 
bar or narrow plate of horn or chitinc .... In some speennens the tube was 
marked with close transverse or circidar striae.” 

In Stentor MUlleri (XXVIII. 10, 17^), avc have the curious instance of an 
animal living indifferently with or without a sheath, and enjoying freedom of 
movement. Amidst numerous specimens of this si^ecies, not a few’^ (says (?ohn) 
may be seen swimming freely about, or, otherwise, attached, enclosed within a 
roomy ovate sheath, composed of a soft gelatinous substance, and open at ono end 
(XX VIII, 17), The animalcule is fixed by its posterior extremity (apparently 
converted for the time into a suctorial disk) to the closed end of the sheath ; but 
it is still able to evert its spiral ciliary wreath, and to extend itself beyond the 
open moutli, or to retract itself in a contracted condition wdthin its interior. 
Ehreiiberg remarked the exudation of a mucous sheath around this animal- 
cule when kept confined for some time for obseiwatiou within small glass 
tubes, but mistook it for a sort of morbid act preparatory to dcgith. Cohn, on 
the contrary, htis showm {Zeitschr. 1853, iv. p. 263) that it is in no way con- 
nected with disease or with approaching death, but happens wdth individuals 
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in full vital activity and surrounded by favourable external conditions, and 
adds that gemmation frequently proceeds in these encased beings, and that, 
when from evaporation of the surrounding fluid or other prejudiciiil cause the 
animals are threatened mth injuiy, they quit their sheaths and swim away, 
the previously suctoi-ial extremity resolving itself into a pencil of bristles. 
The result of these observations of Cohn is to disassociate this phenomenon of 
sheath-formation in Stentor from that of the encysting process, to which 
Ehrenberg’s account of it would have led it to be referred. 

Dr. Strethill Wright coincides udth Cohn in denying the relation between 
the presence of the sheath of Stentor Mulleri and the diseased or dying state 
of the animalcule. Indeed he speaks of the presence of a gelatinous case 
as the rule, and adds that “ as the zooids (animalcules) divide they form a 
gelatinous mass, w’^hich is attached to weeds and often to the sur-face of the 
water, from which I have seen some 10 or 15 combined Stentors hanging 
with their heads downwards.” 

Cilia and Ciliauy Action. — The most common, and at the same time the 
charactciistic cxtcmal appendages of the Ciliated Protozoa are the cilia, which 
constitute their most active and ])owerful locomotive organs. Ciha arc, 
moreover, not wanting internally, but are there comparatively few, since 
they are appendages only of free surfaces. They are met with lining the 
oesophagus, where they, no doubt, serve to facilitate the ingestion of food and 
of the water taken in for the purposes of aeration. 

The nature and cause of ciliary movement have been much debated. To 
account for the energetic and peculiar movements of cilia, Ehrenberg imagined 
the existence of a muscular ap])aratus at their globular roots, consisting of four 
muscles, each pulling in an opposite direction, but, by acting in succession, 
causing the apparent rotation of the axLs around the fixed base. This bold 
idea has met with no favour among physiologists, who condcn)n it as piii-ely 
imaginary and as o])poscd to the simplicity of nature, to all Jiualogy, and to 
all the admitted facts and jninciples of histology. Most inquirers despair of 
attaining a satisfactory exidanation, of ciliary action, and treat it as an ulti- 
mate fact. However, Cohn, looking to the peculiar structure of the integu- 
ment of Paramechim (^Loxodes) Bursana (XXIX. 26), fancied tlint ciliary 
motion admitted of explanation, since, on the supposition of an inherent 
contractility in that membrane, each little pyramid might be imagined to 
contract its sides in timi, and make the cilium surrounding it revolve in the 
figure of an inverted cone. But granting the possibility of this explanation 
in the case of the animalcule cited, it could in no wise bo applied generally 
to ciliary motion ; for a similar structiu'e is found in comparatively few other 
examples, and the innate contractility of the supporting membrane, assumed 
in the instance in question, has certaiiily no existence in many ciliated sur- 
faces, and involves nearly an equal stretch of imagination to conceive as 
Ehrenberg’s muscles. 

Returning from this digression on the nature and cause of ciliary action, 
let us briefly review the mode of distribution of cilia in the Protozoa. In 
many genera they are distributed universally over the surface (XXIX. 20, 
28, 48 ; XXVI LI. 1, 8, Bl), not at random, however, but in definite parallel 
Lines, more or less approximated, usually traversing the length of the body. 
A distribution in parallel lines is also not unfreqiiently observed across 
or around the body. Even where generally diffused over the body, they are 
commonly more developed at certain parts, as about the mouth, the head, and 
tail, as well as on any processes or in any depressions of the body, e. in 
Chilodon (XXlX. 48), Bursarui, Leiicophrys, Stentor, &c. Stein represents 
it as a generic character, that in Parameemm (XXIX. 28) all the cilia are 
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of uniform length. In (XXIV. 284), the lorica is divided into a mul- 

titude of minute facettes by iiitorcurrcnt lines or sidci, and the cilia are placed 
at the points of their intersection. In Colpoda Cucullulus (XXIX. 36, 37), 
the cilia are much longer at the anterior prolonged extremity, tho lip, just 
as in Chilodon ; but there is besides, in the deep sulcus whore the mouth is 
foimd, a dense pencil of long and strong cilia (XXIX. 37), which Ehrcnberg 
mistook for a soJid process of the body, and called tho ‘‘ tongue.’’ From this 
fasciculus or bundle, a row of long cilia is, moreover, seen to extend backwards 
to tho posterior extremity (XXIX. 37). 

Other groups of Ciliated Protozoa have the cilia confined, more or less strictly, 
to one part or organ of the body, — a circumstance exemplified in the Vorti- 
eellina and Ophrydhm (XXX. 1, 2, 5, 9 ; XXIX. 1, 3, 4, 5). This limita- 
tion, as contrasted with the general diifusion of cilia, implies an advance in 
the scheme of organization, and is attended by the constniction of a siiecial 
a])i)aratus about the head of the animalcules. Thhs, in the families named, 
the rule is that the anterior extremity is boimded by an evident, mostly thick- 
ened margin, either curved or straight — ^tho ‘‘peristom ” — crowned with vibra- 
tUe cilia and complicated by an internal, usually extensile, ciliated disk or 
rotary organ (XXX. 1, 2, 9«, 29«), the whole apparatus recalling the struc- 
ture of the rotary organ of tho Jtotatorm, Tho cilia a2)pcrtaining to the pc- 
ristom and disk are highly developed and strong, although, instead of serving 
for locomotion, they only subserve the processes of nutrition and aeration or 
rcsi)iration, by^ reason of the fixed condition of the animalcules possessing them. 

Another peculiarity of the ciliary apparatus of the VortlccUhuc and Ophry^ 
dina is that it is retractile (XXX. 6 a), or can bo involuted and withdrawn 
into the interior of the animal (XXX. 13), and the peristom closed completely, 
and contracted sometimes so far m to draw in a part of tho wall around it, 
and not leave a single cilium visible externally (XXX. 11 n, 31 , 33). When 
thus retracted, the ciliated organ appears like an internal, irregular-sigmoid, 
contracted cavity or fissure, with the cilia closely packed together and scarcely 
distinguishable (XXVII. 5 a, 6 ; XXX. 11 u). The retraction of the ciliary 
wreaths, which takes place very rapidly, is caused by tho presence of sur- 
rounding objects in tho immediate vicinity of the animal, by their contact 
with it, by any shocks it may feel, and by the presence of noxious matters in 
the water. On the removal of such and similar causes of annoyance, tho ex- 
tension of tho delicate apparatus follows ; this act, however, is loss rapid than 
that of retraction, and may be arrested at any point. 

A more pci*manent withdrawal of tho rotary apparatus, in the families 
named, occurs when tho process of self-division is about to proceed (XXV11.3 ; 
XXVIII. 18), and also when tho animalcule prepares to enter into the en- 
cysted condition (XXVII. 5, 7). 

The disappearance of cilia is witnessed not only in Vortieellina and Ophry- 
dina when the process of encysting takes place, but is a general phenomenon 
among ciliated organisms under the same circumstances ; yet it would appear 
that in some cases, even when an animalcule has surrounded itself with a 
cyst, its pilia^are not actually lost, but only withdrawn from view, — a fact 
adverted to hy Stein in his account of Ghilodon Cnculluhoi, which at times, 
alter encysting itself and developing one or more living germs within tho 
cyst, has been seen to renew its original appearance, to regain its cilia upon 
its surface, and, after rotating for a while within tho sac, to burst at length 
through it and escape (XXIX. 55, 58). Moreover many observers have 
assorted the fact that an animalcule may, soon after encysting itself, be set 
free by rupturing the cyst by pressure, and then reassume its previous ciliated 
and active condition. Nevertheless the act of encysting, when advanced to 
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ft certain point, or when the reproductive process consequent upon it diHei-s 
from that seen in Chilodon, appears to involve the final disappearance both 
of generally dilfiiscd cilia and of specially organized ciliary wreaths. 

The arrest of the motion, and the ultimate disappearance of cilia, arc phe- 
nomena attendant also on the death, or on the approaching diffluence, of ani- 
inalcules — ^when the surrounding water diies up, or when their vitality is 
injiircd by chemical agents or by physical forces, such as electricity and heat, 
Stein, liowever, states that, altliough the animalcule, e. y. a Paramecium^ is 
killed by the addition of veiy dilute acetic acid, yet its cilia continue visible 
and of their normal length. Cohn believed the cilia to be very much longer 
than Ehrenberg represented ; but, as Stein affirms, this notion originated from 
an unnatural appearance consc(iuent on the dying state of the animalcule, from 
evaporation of the surrounding water ; and he adds that a siTiiihir elongation 
of cilia appears immediately at tlie point where strong acetic acid comes into 
contact with the surface. Ihit this explanation hiis since been set aside by 
Pi*of. Allman’s discovery of the existence of trichocysts, or thread-cells, 
within the subtegiiniciitaiy layer of the body (XXXI. 1-4), to which lie at- 
tributes the plienomona observed and discussed by Colm and Stein. 

An instance of a temporary formation of cilia is seen in the Vorticcllina 
and Ophrjufina when the oftspiing, formed by fission or by gemmation, is pre- 
pared to detach itscK from the parent being. Under such circumstances, and 
prior to the development of the interior retractile ciliary organ, a Avreath of 
cilia makes its appearance (XXVIl. 4, 11) near the posterior extremity — ^l)ut 
Avhich, indeed, for the time, advances first in sw imming, and continues to do 
so until the animalcule has attached itself and proceeds to unfold the ciliated 
apparatus at its head. 

In the above account, rcforcnco has been chiefly made to vibratile cilia, but, 
as before noticed, there arc tegumentary processes of larger size, coarser and 
stifler, and withal not vibratile, although moveable. Such servo frcrpiontly 
as special organs of locomotion, or of prehension, or of both, and may also be 
occasionally considered weapons of offence and dcjfcnce. According to their 
foim they aro named seUe, or bristles ; \mcim, or hooks ; cirri, styles and 
filaments. 

Some of these terms arc both loosely defined and used. Thus the bristles 
so called of one author, arc spoken of by another as cim, or styles or fila- 
ments, — the structures thus variously called being long bristles, mostly taper- 
ing, and either straight or but slightly curved. The term “ cirri ” (in English, 
tendrils) should bo disused, both as being unnecessary and also as conveying an 
erroneous conception ; for no organs like tendrils exist among Protozoa. Un- 
eini (hooks) arc vciy thick at the base, strong, curved, and comi)arativcly short 
processes (XXIX. 15, 17); styles arc "stout setiform bristles, articulated at 
their base to the cuticle, and of considerable length (XXVIII. 10 ; XXV. 
350, 351). These last-named processes, Lachmann tells us, are sometimes 
split up at the apex into two, or even as many eight, parts, as happens in 
various Euplotes (for instance, E, Patella., in which species, moreover, one 
stylo bears a number of small lateral setiform branches). The divided styles 
occur at the posterior extremity, and are trailed along in the movements of 
the animals, and only occasionally employed in pushing them forw^ards, whilst 
the uncini in advance serve for actual creeping and climbing. As examples 
of these tegumentary appendages, may be adduced the setae of Urostyla and 
Kerona ; the uncini, setae, and styles of Oxytrichina (XXVIII. 10), Euplotes 
(XXV. 350-353^, and of Ploesconia. Intermediate grades, between the highly- 
developed setose processes cited and ordinary vibratile cilia, may be seen in 
the larger and more rigid ciliary structures alluded to above ns often found 
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along the margin of animalcules, on eminences and in depressions and other 
particular parts ; such Lachmann would name ciliary bHstles.^* In Tricho- 
dina Pediculm (XXIX. 17), Stein describes a circle of uncini supported on a 
cartilaginous or corneous ring, and oxtemal to this a yellowish membrane of 
corneous consistence and (jxtraordinary flexibility, with closely-placed striae 
across it. On a lateral view of the animalcule, this membrane is seen to rise 
round the circlet of uncini like a raised rim (XXIX. 17^). 

Locomotive and Fixed Forms of tue Ciliata. Varieties of Locomotion. 
Transitory Power of Locomotion among the Attached Genera. Pedicle 
Single and Pranciied. Varied Outline of Hamipied Stems. Structure of 
Stem. Contractile Stems. Rigid Stems. — The Ciliata, with resjiect to the 
function of locomotion, present themselves under two groui)s, — one compre- 
hending those genera which at all periods of their existence can move from 
place to place at will, the other embracing all those which under ordinary 
conditions arc attached by means of astern or pedicle, of greater or less length. 

The former — the locomotive group — includes the larger number of genera, 
in all of which the cilia are more or less generally distributed over the entire 
body. Their swimming movements are especially due to the cilia, but may be 
aided by other tegumentary processes, by setic, stjdes, or uncini, and in several 
instances by the general figure of the body. It is rare that swimming is a 
simiflc onward movement ; on the contrary, it is usually attended with a 
rotary motion about the long — seldom the short — axis of the body ; and when 
the animalcule is considerably elongated, it becomes undulating, as in an eel. 
In the case of {^pirosionmm (XXIV. 297, 298), the elongated ribbon-like 
figure is particularly favourable to rapid w’^ri thing motion. In short, as before 
intimated, the dcvelopement of the body to a greater extent in one or more 
paris, so as to form processes, or the constriction of a portion, reducing it 
to the dimensions of a member, or the lengthening of the entire animal into 
a band-lik(? or ligiilate figure is made subservient to the purpose of locomo- 
tion, and imparis to it a more or less special character. Moreover, the loco- 
motive Ciliata have the power of altering the direction of their movements, 
and will often retrace their course, and this freipiently without tiuniing them- 
selves round in order to advance the same extremity foremost. 

The simple movement of swimming is common to all the Ciliata ; but in 
the case of those furnished with setae and uncini, a creeping or crawling 
motion is superadded, as, for example, in. i:itiflonycMa (XXVIII. 10), Iliman- 
tophorus, Eiiplotes, and Kerona (XXV. 322, 328, 347, 353). In several 
of these examples we find one side of the body covered with a more resistant 
inU^giimeut or shield, w^hilst the locomotive uncini or setae are disposed 
along the other, just* as in the case of a myriapodous insect, and supply a 
locomotive apparatus 'whereby the animalcules can run, with much actmty, 
over the suifaco of an Alga or other solid body, or climb it without difficulty. 
The movements of the setae, in creeping, are not independent like those of 
vibratile cilia, but are produced by the contraction of the substance into 
which their bases are fixed. 

Every mi9roscopist has observed Ciliata suddenly arrest their course and as 
quickly reverse it. This phenomenon Perty calls ‘ dimtrophy,^ and asserts 
{op, cit, p. 122) that this change in movement is accompanied by such a 
transition, that not only does the posterior extremity become, for the time, the 
anterior, but it also acquires the size and appearance of the latter. There is, 
in his language, an actual polar reversion of the organism. This peculiarity is 
obser\'ed among the s'wimming, but not among the creeping Protozoa, which 
always advance with the anterior end first. When Paramecium versutum or 
P, lencns becomes diastrophied, its figure elongates and changes to cylindrical 
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— ^the present anterior portion (formerly the posterior) grows thicker, whilst 
the opposite end becomes somewhat more pointed. For a few seconds the animal 
swims about, revolving at the same time upon its long axis, and after sud- 
denly making a turn, roassumes its regular form and its usual movements. 
It is singular that the cilia of the reversed anterior extremity acquire a greater 
length. and strength, and act with increased vigour, whilst those at the ojipo- 
sito end become inconspicuous and passive. Bunng diastrophy, moreover, 
rotation upon its long axis is particularly rapid. Forty illustrates this pecu- 
liar act of diastroidiy in many other sj^ecies, of which wo may mention Para-- 
meoium ColpotJa, Colpoda Hen^ Cohps hh'tus, O^cytriclia PeUionella, Jcc. 

A very indidei'ont concejition can be formed of the energetic ever-varying 
movements of the Ciliata by any attempted descriptions of their manner 
and direction. One method is combined with or rapidly exchanged for an- 
other ; and we see the little beings not sinqdy swimming, but revolving and 
curving on themselves in a marvellous and beautiful manner, to be ai)pre- 
ciat(jd only by observation. 

Could wc imagine the existence of a will, or of a power of control, in 
such tiny creatures, wo should say that ciliary motion is at its bidding ; wo 
see it incessantly varying in the same individual, both in activity and power, 
at one moment urging on the moving atom at full force, at another merely 
revolving it rapidly, at another slackened and presently stopped. These va- 
riations, too, appear not fortuitous, but directed to certain ends — to the pro- 
cuiing of food, to the avoiding of an obstacle, or to the escape from an enemy. 
Yet, on the one hand, the belief in the need of a special organization for the 
manifestation of volition, and, on the other, the observation of very similar 
movements in the ciliated cells of higher animals when detiiched and free in 
water, in the Phytozoa and in the spores and tilifonn cells of jdants — are 
circumstances which make us hesitate in attributing such phenomena to 
any other than purely physical forces. 

‘‘There is no sufficient reason,” says Dr. Carpenter (‘ The Microscope,’ p. 
■17G), “ to regard such actions as indicative of a wonderful adaptation, on the 
part of these simple ciliated cells, to a kind of life which enables them to go 
in quest of their own nutriment, and to introduce it, when obtained, into the 
interior of their bodies.” 

Prof. Owen remarks, in his lectures on the Comparative Anatomy and Phy- 
siology of the Iiivortcbrated Animals (1843), p. 10, — “ If you watch the 
motions of the Polygastiic Infusoria, you will perceive they avoid obstacles 
to their progress, rarely jostle one another ; yet it is difficult to detect any 
definite cause or object of their movements.” Further on, ho writes — “ The 
motions of the Polygastrica have appeared to me, long watching them for indi- 
cations of volition, to be in general of the nature of respiratory acts, rather tlian 
attempts to obtain food or avoid danger. Very seldom can they be construed as 
voluntary, but seem rather to be automatic — governed by the influence of sti- 
muli within or A^dthout the body, not felt, but reflected upon the contractile 
fi]t)re — and therefore arc motions which never tire. Wo may thus explain 
the fact which Ehrcnberg relates (not without an expression of suqjrise), 
namely, that at whatever period of the night ho examined the living Infu- 
soria, he invariably found them moving as actively as in the day-time ; in 
short, it seemed to him that these little beings never slept.” 

Turning now to the fixed Ciliata, wc perceive that the true VorticeJlinay 
not invested by an external sheath, arrange themselves under two sections, 
according as the stem is flexible and contractile, or non -contractile and almost 
or completely inrfexible. The genus Vorticella is the type of the contractile 
group, and Kphfylis that of the non-contiactile and inflexible. The stem 
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of the genus first named is always simple or unbranched (XXVII. 1, 2, 3, 4) ; 
but in that of the other genera of VorticelUna — viz. Carehesium (XXX. 9) 
and Zoothamnium (XV. (>9) of the contractile-stalked group, and Kpistylis 
and Operculrina of those having ngid stems (XXX. I, 11) — the young beings 
produced by fission eontinuc adherent to tlic parent stem, and then proceed to 
developc secondary bmnehing pedicles of their own, and in this manner give 
rise to compound rarailied collections of jwlyparies. Since this ramification 
is consequent on the division of a parent-being into two, it has necessarily 
a more or less regular dichotomous (forked) character, and will be more com- 
pound the oftener the process of fission has been repeated. 

Tlie stem produced by each half continues to acquire length and strength 
until the being which sumiounts it begins in its turn to undego self-division, 
wlicii its growth at once ceases ; and it undergoes no further change whilst it 
(exists, except in acquiring increased consistence. 

“ The individuals on the same stem have,” says Stein (p. 75), “ as a rule, 
similar dimensions, those undergoing fission, and therefore wider, excepted. 
At times, indeed, one may be found smaller than its neighbours ; but this will 
bo traceable to some accidental circumstance, such as a less supply of nu- 
triment to it, and is never very considerable. The size of the members of the 
same colony agrees in general with that of the individual from which the 
whole have sprung. When the newly-developed fission-segment, after detach- 
ing itself from its parent, forthwith proceeds to fix itself and secrete its stalk, 
the newly-developed colony will coincide in dimensions with that from which 
this animalcule has proceeded. On the contrary, if the detached member 
enjoys its freedom a longer time, appropriates nourishment, and attains a 
larger growth, the new arborescent polypary developed from it will be larger 
in all res])ccts than the parent colony. Hence it is, that in the same species 
we have great variety in the dimensions of individual members as well as of 
colonies ; and therefore the height of the pedicle, the thickness of its branches, 
and the size of its individuals arc useless as specific characteristics.” 

The stylo of ramification is equally devoid of constancy in the same species : 
for (to continue our extracts from Stein) ‘‘ the several branches may attain 
an equal elevation, and so produce a corymb or cyme ; or the inner may out- 
grow the outer branches, and the whole polypary resemble a bunch of grapes 
or a panicle ; or, as occasionally happens, the branches may bo all incompletely 
developed, but at the same time bear numerous individuals on short stems, 
arranged in close series on one side, when there will be a resemblance to an 
ear of com.” 

In the case of Ophrydium there is a considerable departure from the ordi- 
nary stracture and arrangement of the polyparics of VorticelUna and the rest 
of the Opliryd\na» Ehrcnbcrg considered the globular masses of Ophrydium 
to bo constituted by the cohesion of their gelatinous sheaths, and to be the 
consequence of their incomplete self-division. This, however, seems to be 
incorrect ; for Stein (p. 246) confirms the statement of Frantzius, that the 
gelatinous ball is not made up of coherent sheaths, but that the boies of the 
Ophrydia jjrc merely attached by their tapering posterior extremities to its 
surface, and not imbedded within it. The animal sends, indeed, a prolonga- 
tion of its tapering base some short way within the homogeneous matrix, 
like a root ; and when it forcibly contracts itself, a slight depression of the 
surface occurs ; but in no strict sense can the gelatinous excretion be ealled a 
sheath or lorica. 

Although, in their usual phase of being, the attached Cilijjta have no power 
of locomotion, they arc nevertheless capable of considerable relative move- 
ment. The highest degree of this is seen in the actively contractile stems of 
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VorticeUa, Carchesium^ and Zoothamninm^ and the lowest in the nearly sessile 
Vaginicola^ and in the rigid-stalkcd Epistylis. The movements of the stems 
of F ortlcell(K are most astonishing by their activity and energy. In their 
contraction, which is much (juicker than extension, the pedicle is twisted into 
a close spiral (iomparable to a coiled spring ; and besides this action, by which 
the animal is instantaneously drawn down to the point of attachment, the 
body itself shortens, and tlie ciliated head and appendages are retracted under 
cover of the general integument. The branched i^odicle of Zoothamnmm is 
less actively contractile, although still wipable of considerable movement, 
whilst that of Opercul^tria and Episiylts is quite rigid, or veiy slightly 
flexible, and this in most species only in younger stems, before they are in- 
durated by age. In Opeirtilarui herherina wo liave the most marked example 
of flexibility of the stem among n*gid-stalked genera. 

Apart from the mov(‘mcnts of the animaeulos dependent on their pedicles, 
others are due to the contraction and elongation of their bodies, and to the 
retraction and extension of their rotary apparatus. In the instance of Vagl- 
nicoJa (XXVII. 11), of Cothuvnm (XXX. 12, 13, 14, 15), and of Tintmnm, 
these, indeed, arc the only movements of which those genera are capable, — the 
external sheath constituting of itself a safe house of didencc when the ani- 
malcule retreats within it, and thus oftcring a compensatoiy provision in lieu 
of the locomotive power of the frccl 5 ^-swimming Ciliata, or of the actively- 
coiling spiral of VovticeUa, (In the other hand, when not in retreat, the ani- 
malcule outsti’etches itself, and, advancing its ciliated delicate head beyond 
the limit of the case (XXVII. 10, 11), expands its ciliary apparatus. 

The animalcules fixed on rigid stems appear exposed to every passing 
danger without detence ; nature, however, luis furnished them with a firm 
resistant integument within the anterior margin or peristom, of which they 
can completely retract the delicate rotary disc and ciliated head. However, 
they are not positively motionless ; for a certain latitude of motion is allowed 
them by tlwdr mode of articulation, and by the annular segmentation of the 
postonor extremity (XXVI 1. 10), in addition to the possible contraction into 
an ovoid or more or less globular figure. In Operculuria herheriformis the 
contraction of the body is facilitated by the transverse rugae which normally 
exist, — ^whilst in Oplirydium it is earned so far that the elongated figure be- 
comes oval, and, the head being retracted, the animal presents itself as an 
inconsiderable prominence above the surface of the gelatinous mass it rests 
upon. I’lic absence of a ])rotocting sh(\ath in this genus is partly compen- 
sated for, further, by the aggregation of the Ophrydui, since the globose mass 
produced is of itself a security, and is rendered still more so by its revolving 
movements, the result of accidental external forces, and, we may suppose, 
also by the activity of the animals projecting from its surface. 

The Voriicellina and Ojdiri/dlna live as free beings for a certain time after 
their production, whether by fission or by gemmation, or by internal germs 
or embryos. In the case of the products by gemmation and fission, this 
locomotive power is due to the temporary formation of a wreath of cilia be- 
hind the posterior third of the body, as mentioned in a precedingwpage ; and 
it is curious that it is not then the head which moves in advance, but the 
hinder extremity, by which attachment is to be presently made. There 
setjms to be an object in this backward progression ; for by it the animal is 
brought directly into contact mth any object to which it can affix itself, and 
its attachment made more firm. The part to bo attached is the first to come 
into contact with .the supporting medium ; and whether it proceeds to secrete 
about itself a sheath, or to developc a peduncle, it finds itself rightly placed 
without any revolution of the body. 

u 2 
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Structure op Pedicles. — The intimate structure of the stem of the Fbr- 
ticellina is different in the conti’actilc and in the rigid forms. The highly- 
sensitivc, contractile, sim})le pedicle of the genus orUcelkt has challenged 
especial study. It is evidently a compoimd structure, consisting of a hollow 
tube containing a cylindriciil biind. The tube is a portion of the general 
integument, and continuous with it ; in diameter it is imifonn tliroughout, 
excc])t at its point of junction with the body, where it undergoes a very slight 
expansion. Owing to the excessive rapidity of its spiral contraction, this act 
can with diffi(ailty be observed, except after the addition of a weak solution 
of corrosive sublimate, which re.ndcrs it so much slower that its progress may 
be wati-lied. Ultimately, indeed, the solution kills the aiiimal. 

^I’he contained band, or, to borrow a term from general anatomy, the axis- 
cylinder,” docs not fill the cavity of the tube, but is disposed within it in a 
loc)sc spiral manner. .Opinion lias been much divided as to the nature of 
this stincture. Khrenbcrg, judging from its active contractility, pronounced 
it a muscle, and went so far as to represent it as striated, Le, as belonging to 
the highest-developed condition of muscular tissue, which, liowever, com- 
parative anatomy teaches us is absent in the lowest classes of animals. Many 
other writers have united with Ehrcnberg in considering the band muscular, 
and some few also striated, whilst others, again, have regarded it as a simple 
primitive contractile substance, less elevated than muscle proper in the range 
of tissues. Indeed, when we contemplate the contractility exhibited by 
certain plants, iind can find nothing more than spiral vessels wliicli can 
bo conceived the seat of this property, we are forced to admit .that muscular 
tissue is not the only actively contractile element in organized bodies. 

Stein, after remarking that the histology of the stem in VortkeUa, 
CarcJiesium, and Zoothamnium is essentially similar, proceiMls to describe the 
axis-cylinder as an opacpie, solid, finely-granular mass, presenting delicate 
longitudinal hncs or stripes. In VortkeUa nehulifera^ V. convallurut, V. 
Campanula, and in Carcliesium jyolypinum (XXX. 9), it extends into the body 
as a single tapering band or streak, and in oilier VorticeUhui in two such 
diverging from one another, as remarked by Ehrcnberg, who concluded them 
to he two muscular cords. Wlien the stem contracts spirally, transverse lines 
or stripes appear in the axis-matter, which arc no other than cross folds, not 
parallel, and most strongly maikcd on tlie concave side (XXX. 10) ; they 
have therefore no homology with the transverse striae of muscle. That the 
contractile power is dependent on the contained axis-cylinder is shouTi by 
the facts, that where this is deficient at any part, as not unfre<piently haji- 
pens in Zoothamnium, that portion is rigid, as in Epktylis or Opermlana ; 
that when destroyed by maceration,,or by chemical agents, the stem is out- 
stretched and remains immoveable ; and that, as is not seldom scon both in 
Carchesium and Zoothamnium, this axis-matter may be torn across, at one or 
more parts, without the extenial sheath being injured : the contractility is 
destroyed, except in that segment w'hich is still in continuous union with the 
body of the animal ; and generally the pedicle is only so far and so long con- 
tractile as its axis-c}’linder continues its unbroken connexion with the body. 

“Although,” observes Stein (p. 80), “those phenomena arc in favour of 
the axis-matter being a muscle, y'ct there are others sufficiently conclu- 
sive against the notion. For instance, were the axis a muscle, its move- 
ments should cease when it loosens its hold from the object it is affixed 
to ; but this, although asserted by Eckhard, does not happen ; for when 
Vortkellce and Carc/tesia relax their hold and swim freely jibout with their 
stems, these last arc seen to actively contract in their usual spiral manner, 
and presently again to extend themselves. In like manner Vorticellw, when 
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detached from their stems, idteniately. contract and extend their bodies ; and 
yet no one pretends to sec any distinct lines or bands in their interior to he 
termed muscles.” 

Stein’s conclusion therefore is, that the contained substance of the stalk of 
the contractile VorticelVnia is not muscular, although it is the organ tlirough 
which the ^vill of the animal is exercised over the pedicle. Further, as the 
action of chemical reagents upon the enclosing tube or sheath of the pedicle 
corresponds with their action upon the (aiticle of the body, so also is there a 
similar correspondence, in chemical relations, between the axis-cylinder and 
the internal tissue of the body. 

Czermak, in his essay on the stem of Vorticdla^ {Zeitschr, iv. p. 442), describes 
ill that of Carchesliini three distiiigiiishahle structures: — 1, the hyaline 
colourless sheath ; 2, a yellowish contained fibre or band ; and a linely- 
graniilar fibre lying i)arallel to tlu) last (XXX. 10). These three iiortions he 
terms throe isotrojious helicoids, with reference to their spiral mode of con- 
traction. Eckhard supposed the eftective (‘ause of the contractility to consist 
in the constant intimate coiiiu'xion between the motions of the stem and 
those of the body: but there is no such constant conn(?.vion ; for the ciliary 
ivrcath may bo retracted frecjuently without any contraction of the pedicle. 
According to Cziuinak, the ex])lanation of the movements is to bo found in 
the external hyaline fibre or tube being elastic, and tending naturally to keej) 
the stem outstri'tched, whilst the yellow contained filament is contractile, 
serving to throw tin' stem into folds, — the one consecpiently antagonistic to 
the otlier. To tluj third or granular eleimmt, he is disposed to attribute only 
a vegetative function, 'fhe elastic force of the stem is constant, whilst the 
contractile is momentary in oi)eration ; the result of this, coupled Avith its 
tubular structure, affords an ex])lanation of the particular spiral mode of 
(rontractioii. This, (Czermak has taken much pains U> elucidati^ by reference 
to physical laws, and an appeal to arguments vN'hich we deem unnecessary to 
reiHoduce lu re. 

More receiitlj’, the idea of the muscular nature of tho axis-cylinder of 
I'orticcfhe has been revived by Laehmann (op. clf. p 221)), who does not 
hesitate to call it a stem-muscle, tuid “ cannot allow any valuii to Stein’s 
objection, that it still contracts even when the stem is not attached to jDiotlier 
object ; lor tin; muscltj does not Uiiis loose its insoi tiou, as it is attacluxl to the 
slieatli of the stem itself by its hinder extremity, and not to the foreign object.” 
This rc'ply to the objection seems perfectly admissible, although for uiir part 
wo do n«)t at all perceive tlie neces-sity of regarding the axis-matter as muscle 
in tho exact sense of the term, even if it is in function homologous with that 
compound tissue of higher animals. A furihor statement.mad(^ by Laehmann 
is, that the muscular tissue of the stcmi extends u])wards into the body, wluu'e 
it joins with the suj)pos(!d muscular lamina lining tin; corticial layer. 

The manner in which the axis-cylinder is prcxluced and disposed, is shown 
by Stein to afford a distiiudion between the alli(Ml genera (Jarchesiura and 
Zoothamnhim. In the former, each hramdi develoi)os its oAvii canal and its 
own central substtmee, so that neither of them is directly c<mtinii(^us w.ith tho 
canal or the contractile matter of tliose portions previously formed (XXX. D) ; 
in Zootiunnnium, on the contrary, both the sheath and the axis-cylinder of 
the stalk arc continuous throughout the ramificKl polypidom (XII. 01)). U 
is in this genus, particularly, that the oldest portion of the stem is often solid ; 
indc(ul imperfectly-developed stems ocjcur, in which after one or more divisions 
this same solid and rigid condition i.s seen. Such varieties, jis Stein points 
out (o 2 >. cit. p. 2lfe), are to a certain extent difficult to distinguish from species 
of ; nevortholcss they are never so rigid as the latter, but admit of 
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being curved and arc more clastic, and, besides all this, they exhibit trans- 
verse folds or constrictions, of different depths, which are rendered still more 
evident when the animals contract and shorten themselves upon their stems. 

The rigid stems of Opercidaria (XXX. 1) and Epistylis (XXX. 11) arc 
solid, without internal canal and contractile matter ; frequently they appear 
finely striated longitudinally, and in several species («. g, Opercvlaria articu-^ 
lata) present transverse lines (XXX. 1), along which they more readily fracture. 
These last are commonly described as articulations or joints ; but they occur at 
irregular distances, and are, even in the same species, neither constant in num- 
ber, in distinctness, nor in distribution, and arc consequently worthless in 
specific descriptions. 

The substance of these rigid stems is, however, not uniform, but divisible 
into a cortical layer and an inner or medullary substance. This is manifest by 
the fact of the transverse lines, which become more evident during the limited 
luidulating movements of the stem, penetrating only through its cuticle or 
covering. “ On the addition of concentrated sulphuric acid,” says Stein (i>. 
112), “ the pedicle swells up, and both longitudinal striae and transverse lines 
or folds vanish, the whole mtiss a])pearing homogeneous and hyaline. Tincture 
of iodine colours it yellow ; but sulphuric acid being added, it is again rendered 
colourless.” 

Compound Special Organs of Locomotion and Preitension. The Peristom 
AND Kotary or Ciliated Disk. The Spirally-coiled Head of Spirociiona. 
— Defoi'c entering on the description of the internal organization of the Ciliated 
Pnitozoa, there is one sot of organs, belonging to the important genera Vorti- 
cellhia and Ophnjdina (Ehr.), which demands our attention. The organs in 
question arc appurtenances of the head, and consist of a ciliary wreath and 
a retractilo ciliated disk. 

Ehrenbcrg appeal's not to have recognized the existence of the ciliated disk 
as a special stinicturc ; for in his several generic descriptions of Vortiedlina 
and Ophrydimi, ho speaks of the head as simply crowned by a wreath of 
cilia, more [iromincnt at one part, wliich ho called the forehead, and inter- 
rupted at one spot by a sort of gap Avherc the oral aperture is jdacod. Stein’s 
researches, however, show clearly that the armature of the head, in most of the 
genera of those families, is much more complex. The excepted genera are 
iStentor, Tridtodtna, Urocentrum, and TintinnuSy which are, in fact, not true 
members of the family. Stentor furnishes an example of the structure of 
ciliary wreath, presumed by Ehrenbcrg to belong to all Vortiedlina, being 
in fact a single lino of cilia fringing the periphery of the head, and bending 
<lown spirally to the mouth (XXVIII. IG ; XXIX. 7, 8). Trichodina is 
veiy curiously fringed with an anterior and posterior wreath of ciha, and 
has besides a firm eollar-like ring, within which is a circlet of stiff uncini 
(XXIX. 15, IG, 17). 

In the genus Vorticella the apparatus is most simple ; it is slightly more 
developed in Ophrydiiim and in Vayinicola, still more so in Ejnstylis, and 
most of all in Operculana and Layemphrys ; lastly, in Sjyiroehona, Oheetospira, 
and Lfjtyotip, totally exceptional forms occur. When examined closely, 
Lachmann says (A. N, H, 1857, xix. p. 118), we find the wreath is a spiral, 
and not a complete circle (XXIX. 1, 2, 3, 4, 7). It begins in the vicinity 
of the orifice of the vestibule, runs above it towards the left, and roimd the 
margin of the ciliary disk; but before it again reaches its starting-point, 
it descends, upon the stem of the rotary organ, into the commencement of 
the digestive apparatus (i, e, the vestibulum) .... The portion of the ciliary 
spiral, which is outside the vestibulum, is not of equal length in all Vorticel- 
lina ; in many — Vorticella, Carchesinm, ZoolJmmnium, Scyphidia (XXIX. 3), 
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Trichodina (XXIX. 15, 17), some species of Ephtylh, — it scarcely de- 
scribes more than one circuit round the disk, whilst in Opercidaria articidata 
and Ephtylis JUivimm it runs round the disk three times, and in other forms 
the length lies between these two extremes. This portion consists of a double 
row of cilia ; those of the outer row are usually somewhat shorter than those 
of the inner, and inserted upon the ciliary disk nearly in the same line, but at a 
dilferent angle, as they appear to be far more strongly bent outwards. In 
the vestibulum and oesophagus the cilia appear to stand in a single row. 
The peristom bears no cilia ; those represented upon it by Stein belong to the 
outer series of cilia of the disk, or to that portion of the spii’al which descends, 
on the stem of the rotatory organ, into the vestibulum. The latter also, 
perhaps in conjunction with the bristle above mentioned, appear to have been 
what induced Ehrenborg to suppose the existence of a frilled lower lij) in 
Epistylis nutanSy and Stein in all the Opercuhirne, 

To see the particulars above described, it is peculiarly advantageous to 
observe animals which have died during expansion.’’ 

In Vorticella (XXYTT. 1, 2, 4 ; XXIX. 1) wo have a truncate anterior ex- 
tremity, the margin of which, L e. the peristom, is ciliated, expanded, and 
often rather rolled outwards, and has within and rising slightly above it the 
rotary or ciliated disk. This is separated by a lissure from the penstom 
(XXYII. 1, 2), except at one part, where the two are continuous, aird on 
examination the disk, with its supporting stem narrowing dowmwards and 
outwards obliquely into the body, apj)cars to be a fold reflected from the 
inner mai’gin and surface of the ])cristom. The mouth opens at the bottom 
of the Assure or cavity (the vestibulum), and is furnished with se.veral cilia. 
The ciliated disk when outstretched is elevated a little above the peristom, 
but can be retracted and covered in by it completely. The jjcristom, like- 
wise, can so curve itself inwards as to include its owir cilia witliin the ring 
of integument which closes over, like a sphincter, the whole ciliary aj)- 
paratus of the head. The rotary disk has some general resemblance to 
a cork or plug, wliich can be drawn inwards by the animalcule itself, or 
pushed outwards, so as to serve, by its ciliated margin, to pVoduce a vortex in 
the fluid, and thereby fulfil the purpose of a prehensile or purveying organ, 
in addition to its locomotive power when the y^ortleellais free. The tapering 
basis of the disk eirds below in the general cavity of the body, and is held hi 
situ by its retractor fibres, which proceed to it from the sides of the animal- 
cule posteriorly. Its iiitciior is continuous with tho general cavity of the body. 

The unfolding of the ciliary apparatus of tho head is more gradual than tin; 
retraction ; and, so to speak, the animal seems to feel its way by first ev(;rting 
a portion of its delicate peristom (according to our own observation, in a sinuous 
manner) along with a few of its stronger cilia, before expanding tho rest. 

In Ophrydium (XXX. 5), the disk is rather more convex on its surface, 
and advances somewhat higher above the peristom, but in all essential parti- 
culars resembles that of Vorticella, On the retraction of tho disk, tho pcii- 
stom contracts above it into a short cylinder, and the head swells out in a 
globose manner (XXX. 6). Between Ophrydium and Vayhiicoja (XXYII. 
11) there is a close resemblance in tho conformation of the ciliated organs, 
except that, in the latter, the act of retraction agrees rather with that of 
Vorticella than with Ophrydium. 

A truncated, thickened, somewhat everted peristom, fringed with cilia 
(this Lachmann denies, see above), belongs to Epistylis (XXX. 11) as w'cll as 
to the above-napicd genera, and to Carchesmm (XXX. 9) and Zoothamnium. 
It has also a similar rotary disk, only rather more developed, and its stem 
short and thick. 
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In Opermlaria, on tho contrary, the pcristom is neither ciliated, expanded, 
nor everted in a campanulate manner, but, by the tapering of the anterior 
third of tho body, is narrow (XXX. 1, 37), and frequently thrown into longi- 
tudinal rug 80 , and withal simj)ly truncate. Further, the disk has a Hat 
surface, and is supported on a long stem which tapers internally to a line 
extremity ; and the whole organ assumes a trumpet-like Hguro (XXX. 1 a, 
2 a, d). Moreover, instead of an infundibuliform fissure conducting to an 
oral aperture -or entrance to the alimentary canal, there is a wide throat or 
pharynx, occupying almost tho whole diameter of tho poristom, having its 
border extended upwtirds in the foim of a free edge (XXX. 2, 3), which 
Stein calls an under Hp, in contradistinction to the rotary disk, which Ehren- ’ 
berg represented to be a forehead and upper lip. 

The tapering stem of the disk bounds one side (tho upper) of the pharynx, 
and by its narrow extremity communicates with tho general cavity of the 
body. The Hat disk itself is surrounded by t^^"o or three concentric rows of 
long cilia, and when drawn inwards suffices, with little aid from tho constric- 
tion of the pcristom, to close that opening. When, however, contraction is 
more forcible and complete, this process is entirely retracted, and the pcristom 
closed above it (XXX. 37). When in this condition — and this is true also of 
the other allied genera, — the only indication, as before mentioned, of the 
ciliary a])paratus of the head is an irregularly-sluiped streak or space, in 
which cilia may still be discerned. This irregular space is nothing more 
than tho remnant of the pharjmgeal cavity not occupied by the retracted 
organs. 

On the retraction of tho rotary disk a portion of its contents is transferred 
from tho expanded free extremity into its stem, the quantity so removed being 
in direct ratio with the degree of contraction ; when this is considerable the 
trumpet-like process appears like a mere internal lobe (XXX. 37 b, h). 

In Lfujenophrys the peiistom is peculiar in being adherent to the narrow 
two-hiq^ed aperture of tho sheath ; the diameter of the two orifices is 
conseiiuently equal. From the pcristom a long trumpet-shaped rotary organ 
projects, similar td that of Opercularia (XXX. 29, 32, 33, 34). 

The most singular conformation of the head occurs in a new member of 
the Vorticetlina, described and figured in Stein^s admirable monogra])h (p. 20/5) 
under the name of Sph'oehona (XXX. 17, 27, 28). In this the ordinary strue- 
turc of the head is entirely departed from; and we have in its place a con- 
voluted spiral membrane or lamcUa, rolled inwards around a solid central 
axis, forming a sort of exaggeration of the single spiral wreath of Sfentor, 
In full-grown specimens of Spir. yemmipara, two complete circuits (XXX. 
17) are made by tho lamella, each of wliich is morphologically tlie same as 
the ciliated peristom expanded and' Hattcncd out. The smliicc is clothed 
with ciha ; and at its termination in the body, near tho axis of tlie spiral, is 
j)laced the mouth, into which foreign substances are rapidly transmitted by 
the action of the cilia. 

Among the several members of the families passed in review, we have seen 
a considgrabje range in the complexity of tho ciliary wreath ; and on extending 
our examination to other genera, intermediate gradations in structure may 
be discovered. Thus, through the simple spirally-curved wreath of Stentor 
(XXIX. 7), we have a connecting link between VoriiceXla^ on the ono hand, and 
several genera, of which, in respect of tho ciliaiy armature of the head, 
Trichodina may be taken as the reiu’cscntativc. 

Ch(p.tosip\ray a now genus instituted by Lachmann (A. N, If. 1857, xix.), 
has a ciliary apparatus so abnormal and peculiar, that it would seem rather a 
rc'prcsoutativc of another family than one of the VorticeUina, The anterior 
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portion of the body is much elongated, and supports a ciliated process, when 
fully extended, straight and of a sword-shaped figure, fringed along one side 
and at the end with cilia (XXIX. 5) ; but when in active vibration and twirl- 
ing the animalcule onward in a spiral manner, the greater part of this ciliated 
process becomes curved like a sickle (XXIX. 6). 

. Another bizarre form of ciliary apparatus is exhibited by the genus Lagoiiay 
described by Dr. Strethill Wright as a member of the family Ophryditm, 
The head of this animal protrudes a pair of hom-like divergent processes, 
fringed around with cilia, fiat or folded longitudinally, and straight or recurved 
at the extremities. These ciliated appendages, together with the elongated 
body they surmount, enjoy a very great latitude of motion by alternate con- 
traction and extension, and by curving and twisting in difierent directions. 
The mouth lies in the angle between the i)roccsses. The whole being may be 
said to stand in a position, with regard to the rest of the Vortlceilina and 
Ophrydina, similar to that of iStephameeros to the other liotatoria, 

INTERNAL ORaANIZATlON OF THE CILIATED PROTOZOA. 

SUBTEQUMEXTAIIY LAYER; CuLOllOPllYLL ; T II HEAT) -CELLS ; MuSCLES. Sub- 

jacent to the cuticle is a layer of granules and small globulins, which is 
often spoken of as a second lamina, just as the cutis vera in higher animals 
is of the cuticle. Its thickness is considemble ; it is hyaline, and more con- 
sistent than the contents, and, although homogeneous itself, contains a multi- 
tude of granules, and, at legist in several genera {e, g, Parcwiecimny Ophrydium, 
Nassulu), numerous chlorophyll- vesicles, often so thickly disposed as to impart 
a lighter or deeper green colour to the animal (XXTX. 28). In young, and 
also in very old, si^ecimens this colouring-matter is wanting, and only colour- 
less granules with a dark outline, resembling small fat-pai’ticles, present. 

In Mr. Carter’s phraseology this coi-tical lamina bears the name of the 
“ diaphano,” and is said to lie beneath the ‘‘ pellicula,” but not to be secreted 
from it. The property of contractility resides in it, whence it becomes so 
far analogous to the muscle or flesh of animals, that to it the term ^ sarcodo ’ 
may most api)ropriately be aj^plied. Dujardin, however, who first employed 
this term, did so to designate the entire component organic mass of Protozoa ; 
but as later observers seem to make out the presence of a somewhat dis- 
similar substance, of a much looser and more mucilaginous consistence, sur- 
rounded by the contractile layer in question — in other words, within the 
so-called abdominal cavity — we feel quite justified in limiting its signification 
as we have done. 

That the cortical layer alone is contractile, Lachmann considers (A, W. II. 
1857, xix. p. 120) to bo shown by the fact, that “ in torn Infusoria fragments 
of it not unfrequently contract, wliilst fhe internal mass, the * chyme,’ which 
flows out, never does so.” Its contractions eftect the various alterations in 
the figure of animalcules, whilst by its greater consistence compared with the 
abdominal contents, and its fixity as a layer subjacent to the cuticle, it aftbrds 
a surface, and even a nidus, for the attachment of the nucleus and contractile 
vesicle, which it therefore serves to retain in .sitii, notwithtitanding the 
opposing forces of the circulatory current and of particles of food j)ropelled 
against them (see section on Circulation). To demonstrate this quiescent 
coriical lamina and the inner moving stratum also, chromic acid affords the 
most effective moans. 

The cavity enclosed by the cuticle and subjacent cortical lamina is occupied 
by an almost fluid matter, for which the term abdominal mucus ” is suggested 
by Carter, and *that of “ chyme ” by Ijachmann, the former we esteom the 
bettor, although it imperfectly represents the actual state of things ; for in 
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these central almost fluid contents, two portions are distinguishable — one 
occurring as a stream moving around the animalcule, within and upon the 
cortical lamina, the other as a thinner central medium, apparently quiescent, 
and in direct communication with the surrounding water through the channel 
of the alimentary tube and mouth. To the first only of these two portions 
Lachmann's term ' chyme ’ is rightly applicable, since it no doubt represents 
the nutritive material drawn from the alimentary matters swallowed, and to 
the elaboration of which the watoiy fluid of the centre most likely contributes. 
Both portions contain food- vesicles, granules, and molecules ; but the former 
possesses them in much greater abundance. When an animalcule dies, the 
central contents are the first to escape, streaming forth from the mouth as a 
diffluent fllm with granides and molecules imbedded in it ; a similar discharge 
and “ difflucnco ” also ensue when the protecting envelopes are tom through, 
and the more so when some pressure is at the same time exerted. 

The following quotation from Lachmann elucidates very well several points 
concerning the contents of the body in general. When,” he writes (op. cit. 
]). 12(>), an Infusorium is sucked out by an Acineta, the cortical layer or 
parenchyma of the body may often contract for a long time, and the con- 
tractile vesicle placed in it may also continue its contractions for hours ; nay, 
1 have observed a Styhnychia, which, although a considerable part of its 
chyme had been sucked out of it by an Acineta , stiU underwent division, so 
that one of the gcmmiiles of division swam away from it briskly, and only 
the other half of the old animal was destroyed. This appears also, to a cer- 
tain extent, to prove that the mass sucked out docs not represent the tnic 
parenchyma of the body ; and as it only fills the largo cavity of the body in 
the forai of a tenacious fluid mass, and becomes mixed with the nutritive 
matters, especially when no small masses are formed, it is certainly the most 
natural coui’se to regard it as chyme. It cannot be urged against this view, 
that in those Infusoria which contain chlorophyll-corpuscles in the substance 
of their bodies, wo sometimes meet with single corpuscles in the rotating 
mass, as they may certainly be easily loosened from the parenchyma, and 
thus get into the chyme-mass. The nucleus, indeed, projects into the chyme- 
muss ; but as a general rule it appears to bo affixed to the parenchyma of 
the body, os we do not see it rotate with the chyme-mass : in Qpercularia 
berherina, Stein sometimes saw the nucleus moved a little out of its previous 
position by a mass of food striking against it ; but as it soon returned again 
to its position, this rather speaks for than against its attachment.” 

Imbedded within the cortical layer a collection of remarkable structures is 
discoverable in many species — ^for instance, in Paramecium, Ophryoylena, and 
Bursaria — ^known under the name of thread-ceUs or trichocysts (X3^I. 1-4). 
Wo are indebted to Prof. AUman for the minute and complete examination of 
these bodies (J. M. 8 . 1855, iii. p. 177). He believes it was these structures 
which Cohn represented (as mentioned in a previous page) to be exceedingly 
long cilia, and which Stein, in criticising Cohn’s account, affirms to bo cilia of 
ordinary length, but appearing abnormally lengthened under external circum- 
stances, J9ucb as the addition of strong acetic acid. Prof. Allman’s description 
is the best wo have : — 

‘‘When Bursaria lemas is examined under a sufficiently high power, 
minute fusiform bodies may be detected thickly imbedded in its walls. 
These bodies are perfectly colourless and transparent ; they are about the 
j^'jpjfth of an inch long, and may easily, even without any manipulation, be 
\vitncsscd at the margin, where they are seen to be arranged j^cqiendieularly 
to the outline of the anirhalciile, while on the surface turned towards the 
observer the extreme transparency and want of colour render them invisible 
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against the opaque background, and it becomes necessary to crush the 
animalcule beneath the covering glass, so as to press out the green globules 
which it contains, in order to bring the fusiform bodies into view. To these 
bodies I propose to give the name of trichocysts. 

As long as the animalcule continues free from annoyance, tl^ trichocysts 
undergo no change ; but when subjected to external irritation, as occurs during 
the drying away of the surrounding water, or the ap])lication of acetic acid 
or other chemical irritant, or the too forcible action of the compressor, they 
become suddenly transformed into long filaments, which are projected from 
all parts of the surface of the animalcule ; and it is these filaments which, 
being mistaken for cilia by Cohn and Stein, gave rise to the erroneous views 
just mentioned. 

“ The rapidity with which this remarkable chiinge is effected, joined with 
the great minuteness and transparency of the object, renders it extremely 
(lifHcult to follow it ; and for a long time I could only satisfy myself of the 
fact that the fusiform bodies were suddenly rei)laced by the projected fila- 
ments. After continued obseiwation, however, I at last succeeded in wit- 
nessing the piincipal steps in the evolution of the filament. 

It is not difficult, by rapidly crushing the animalcule, to force out some 
of the trichocysts in an unchanged state. If the eye be now fixed on one of 
the isolated trichocysts, it will most probably be seen after the lapse of a few 
seconds to become all at once changed with a peculiar jerk, as if by the sudden 
release of some previous state of tension, into a little si^herical body. In this 
condition it will probably remain for two or three seconds longer, and thcui a 
s])iral filament will become rapidly evolved from the sphere, jipparcntly by 
the rupture of a membrane Avhich had previously confined it, the filament 
unrolling itself so quickly that the eye can scarcely follow it, until it ulti- 
mately lies straight and rigid on the field of the microscoj^e, looking like a 
veiy fine and long acicular ciystal. 

This remarkable body, when comidetely evolved, consists of two portions 
— a rigid 8i)iculuin-likc portion acutely pointed at one end, and continuous 
at the opposite end with the second portion, which is in the form of an ex- 
cessively fine filiform appendage less than half the length of the spiculum : 
this second portion is generally seen to be bent at an angle on tlio first, and 
is frequently more or less curved at the free end. The form of the evolved 
trichocysts is best obseived in such as have floated away towards the margin 
of the drop of water, and arc there left dry by the evaporated fluid. In 
many of them the filiform appendage was not visible ; and they then merely 
presented the api3etu’ancc of a simple, long, fusiform s})iculura. 

‘‘ The resemblance of the organs now^ described, to tho well-known thread- 
cells of the Polypes and of certain other lower members of the animal king- 
dom, is obvious. That they arc entirely homologous, however, with these 
bodies w^e can scarcely yet Jiascrt. Their origin, at least, a2)pears to ho 
different ; for, if we admit tho unicellular structure of tho Infusoria, we have 
the trichocysts apparently developed in tho substance of tho cell- wall, instead 
of being produced in special cells, as we know to be the case with the thread- 
cells of the Polypes.” 

These structures have also arrested tho attention of Oscar Schmidt, 
Leuckart, and Lachmunn. The second-named observer surmised them to 
be “ poison organs ; ” and very probably they have a defensive imrpose, for this 
is suggested both by Allman’s history of them, and by Lachmann’s observa- 
tions {ojp. cit. Pj 126, in foot-note) ‘^of similar, but much thicker corpuscles, 
which presented a deceptive resemblance to the iirti eating organs of the 
Oampanxdaruv, in an animal living as a parasite ” upon individuals of that 
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family of Polypes, and which is probably to be referred to the Acinetina . . . . 
In the oval embryos, ciliated on one side, which wore squeezed out of the body 
of the mother, we were enabled to convince ourselves that these corpuscles 
were enclosed, from two to nine together, in a roundish proper vesicle ” (cell). 

MuscLES^Ehrcnberg presumed the existence of internal muscles, to ex- 
plain the vSed and active movements of the Ciliata, — a presumption required 
by his hypothesis of the repetition of the organization of higher animals in all 
lower forms, but entirely imwarrantcd by analogy. Dujardin considered the 
whole bulk of the body to bo composed of ‘ sarcode,’ having an inherent con- 
tractility, and the source of all the movements. Little doubt can exist that 
the cortictil lamina is the seat of contractility, — not that it is muscular on this 
account, but that, as animal tissue in its simplest condition, it possesses the 
projicrty of contractility as one of the characteristics of such tissue, along 
with others, such as sensibility, all which, in highly-organized animals, have 
severally their special structure clabomted tor their more comidcte operation 
and independent action. In short, in the language of physiologists, the 
tissues in more perfect animals are differentiated, in the lowest are not so. 

This physiological fact being admitted, the (existence of nerve-fibres and of 
nervous centres, or ganglions, can be no more than imaginary. The same 
follows of the supposed organ of sense, the so-called eye of (rlenodiuium^ 
which many have concluded to be homologous with the coloured specks of 
Protozoa, of Eiiglena, and the like. Licbcrkuhn\s observations would lead, 
however, to the conclusion that the cyc-sjieck of Ojthri/oijlcmi rightly deserved 
that epithet, and is something more than a ingment-spot. His account of it 
runs thus {A.N, IL 1850, xviii. p. 321): — “Close by the oral slit, on its 
concave side, lies the pigment-spot. Its fonn is extremely irregular, some- 
times globular, sometimes ellipsoidal, in many cases toothed. Ordinarily it 
is so distinct as to bo at once i)crceived ; sometimes, however, it is so small 
that it can only be detected by close examination. In animalcules filled with 
strongly-refracting substances alone, it is always difficult to discover it. The 
pigment-spot of Opliryoglena alra has, on the whole, more uniformity of form 
and magnitude. If we squeeze down an Ophryoylena jlavxcans between the 
covering glass and the slider, wo find that the pigment-spot is composed of a 
heap of minute, scarcely measurable granules, strongly refracting light. I' 
never could discover a lens in the pigment. All the specimens examined by 
mo possessed but a single i)iginent-s])ot. Beside this lies always a hitherto 
unobsoiwcd structure, the form of wliich is peifectly described when wo call it 
a watch-glass on a small scale. This w'atch-glass-like organ is transparent 
and colourless, and shows no trace of fibrous or any other structure. The 
circular base has a .diameter of about jJ^th of a millimetre ; its depth 
amounts to about a third part of this diameter ; the convexity is very con- 
siderable. The watch-glass-shaped organ usually turns its convex side 
towards the pigment-spot ; its concave side is directed towards the point of 
the head ; it docs not seem to be moveable by the animalcule. When isolated, 
it withstands the action of water for a longer time tlian is usually the case 
>vith thcL othpr parts of the body of tliis Infusorium. After lying some time 
in water, it swells up in some degree, and frequently becomes perforated by 
a hole in the middle. The presence of the watch-glass-shaped organ is not 
dependent on the presence of a pigmont-si^ot ; for Ophrxjoglma atra iiossesses 
a pigment-si)ot, but no watch-glass-shaped organ, while Bursaria Jlava has 
a watch-glass-shaped organ, but no pigment-spot. In other Infusoria with 
eye-spots, as in the fkujUnm and Peridinima, I have sought in vain for this 
organ. 1 have not met with any facts throwing light on its function.'’ 

Notwithstanding, in the interior of the Ciliated Protozoa there is not an 
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actual homogeneity of tissue. The act of differentiation is carried so far that 
certain distinct organs and parts become distinguishable. Thus there is a 
mouth or oral orifice for the entrance of food, succeeded by a dilated cavity — 
an oesophagus or pharynx, which is contracted posteriorly into a tubular 
prolongation of various length, homologous udth a digestive or alimentary 
tube. Apart from tliis rudimentary alimentary apparatus, numerous globular 
or vesicular spaces containing gramdar particles or objects evidently swallowed, 
are met with in the general loose contents of the body ; these were the di- 
gestive sacs, or stomach-vesicles, so much insisted upon by Ehrcnberg ; other 
included organs arc the contractile vesicle, a certain striated cylindrical organ 
in one or two genera described by Ehrcnberg as a dental cylinder or teeth, 
the nucleus witli usually its nucleolus, the red speck (eye) in Ophri/oghnaj 
and in one genus a pair of organs imagined by Stein to be glandular. I’o 
tliese contents Carter adds spemiatozoida, and Perty internal germs or ovidcs. 

We have already mentioned chlorophyll-corpuscles in some genera, and 
the general prevalence of fat-vesicles and granules interspersed within the 
substance of the body, or collected into a layer as in several of the Vorti- 
cdlhui ; the collection of fat- corpuscles is remarkable in the contracted portion 
or base above the point of attachment, whether this be by a pedicle or not. 

Perhaps,” he adds, the transverse annulations which arc exhibited by the 
bodies of some Vorfieellina are to be attributed to muscular fibres ; at all 
events they do not belong to the skin, but to the parenchyma (/. e, the cor- 
tical lamina) of the body.” 

Lately, Laohmannhas broached the hypothesis that an actual muscular stra- 
tum lies within the cortical layer. He writes {A, N. II. 1 857, xix. p. 228) — “I 
was so fortunate, in common with my friend Claparedo, as to observe an indu- 
bitable sepanite contractile layer, in which longitudinal striro were generally 
to be detected in various Vovticcllhia, in which Ehrcnberg states that ho saw 
muscular strim at the posterior extremity. It forms a hollow cone, the apex of 
which is situated in the hinder extremity of the animal, and, in the contrac- 
tile-stemmed species, is ppduccd into the muscle of the stem : in its apparent 
section it of course appejirs like two small fibres separating from each other 
like a fork — as which, indeed, it has hitherto been always regarded, except 
by Ehrcnberg. This layer is very beautifully seen in EpistyUs plieatilis, in 
which we may most completely convince ourselves that it is a special stratum, 
which possesses contractility. In Epistylis plicatUis, namely, during the con- 
traction of this stratum, the non-contractile part of the parenchyma which 
surrounds it, with the skin covering it, separates from the contractile layer, 
and forms the well-known folds, whilst the contractile or muscular layer be- 
comes shortened and thickened without folding.” 

Ohgans of Dtgestiox, Nututtion, and Secrktion. — To take the several parts 
or organs in succession, wo wiU first consider those concemed in the processes 
of digestion and nutrition, beginning Avith the oral orifice or mouth. This is 
variously situated in different Ciliata, its position having reference to the figure 
and the mode of life, and being generally indicated by the particular provi- 
sion made to secure a proper cuiTcnt of water into it, such as a tuft, a curved 
row, or a circlet of larger cilia, a process or a depression of the body, the axis 
of a convolution of the surface, and the like. Thus in Tjocriymaria, Enchelys, 
Prorodon, Coleps, &c., it is at the anterior narrower extremity ; in TracJieli'us 
and Amphileptus it has a similar x^osition, but is besides under cover of a 
process of the body. In Chilodon a still larger segment surmounts it ; in 
Na^sul<i, Parawficium (XXIX. 28), and in Pletironema (Duj.) it is lateral ; 
and lastly, among the VorticeUina it is within an involution of the integu- 
ment of the head, called the ‘ vestibulum,’ on one side of the ciliated Ssk 
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(XXX. 1, 2). The opening of this vestibule or ontc-room to the entrance of 
the digestive tube, i, e, the mouth, should not be confounded with the latter, 
as often has been done. A funnel-likc hollow having the true oral aperture 
at its bottom, is met with in Parameeium, and may have the same appellation 
extended to it. Among the processes about the mouth facilitating the inglu- 
tition of food, wo have just alluded to the wreaths, rows, and tufts of cilia, 
mostly large and strong like bristles, and to special developments of the sur- 
face of the body. Several species possess a tuft of cilia almost indistinguish- 
able from a plaited membrane ; for instance, Colpoda Cmullus (XXIX. 37) 
and Ohihdon GucuUulm have what Ehrenberg called a tongue, but which, as 
we have seen, Stein has resolved into a thick pencil of ciliary bristles. A 
similar structure prevails in Pleuronenm and Alyscvjm (Duj.), in CycUdium 
and AphiJwnia (Perty). In Glaucoma (XXVIII. 4) and Gyclidium marga- 
ritaceunif ** the margins of the buccal orifice appear,” says Lachmann (op. cit. 
p. 21 (i), to bo produced into two valves which are in constant motion.” A 
special curved or spirally-tunied row of cilia directs a current into the mouth 
in StentoVj Spiroatomum, Bursaria^ Clicctospira (XXIX. 5, fi), Occytrichiim , 
Euplotes, and Aspidlscina, and a nearly straight row in Ghilodon and Colpoda. 
In Coleps, TrachcliuSy Enchelys, and Tra^helocerca, the mouth opens imme- 
diately upon the surface without any conducting ciliaiy channel, and is sur- 
rounded by a simple circle of cilia. The mouth is protnisible in Prorodon and 
Nassnla (XX.VIII. 8, 65), and not distinguished by any special external array 
of cilia. In the true Vortlcellhm and in the Ophrydinay as above mentioned, 
the complex ciliary apparatus directs the current into a cavity, the vestibu- 
lum common to both the mouth and anus ; and lastly, in Paramecium the 
cilia arc uniform at all parts, and the course of food to the mouth provided 
for by a wide and deep taijoring channel. In size the mouth varies both in 
difierent genera and in relation to the dimensions of the animals ; but in all it 
is more or loss extensile, so that foreign particles or other animalcules arc 
engulfed within it oven when their diameter equals that of the body itself. 

Tile oral aperture opens below into a rudimentary digestive tube (XXV II. 
I, 10, 11 ; XXIX. 4 ; XXX. 1, 11, 29), formed by an involution of the ex- 
ternal integument. It is commonly a funnel-shaped space, which, for the 
sake of a name, may be called the pharynx or digestive tube ; within this, 
and especially near its entrance, a few vibratilc cilia are mostly seen, serving 
by their action to accelerate the onward transmission of the particles of food. 
The walls of this cavity arc formed by a special very extensile membrane, 
which, as supporting the internal cilia, may bo called a ‘ basement mem- 
brane.’ The pharynx extends (as a gently tapering, mostly curved, tube) 
obliquely inwards towards the centre of the general cavity of the body, where 
it abruptly ends. Its length is subject to considerable variation in diiferent 
genera. In Paramecium and allied genera, and in 0.ry trichina, it is short and 
of greater relative width ; in Ghilodon, Nasaula, Prorodon, and others it is 
continued, from the posterior extremity of the so-called cylinder of teeth, far 
into the interior. It is also of very considerable length in the Vorticellina 
generally, a^ illustrated by Epistylis and Opercularia (XXX. 1). 

In Ehrenberg’s families,” Lachmann tells us (op. cit. p. 217), “ Oxi/tri^ 
china, Euplotes, and Aspidisdna (as also in Stentor, Bursaria, and Bpirosio- 
mum), wo meet with an internally ciliated oesophagus, and a curved line 
open towards the right, composed of strong cilia leadmg to the mouth.” This 
oBsoxihagus always forms an open tube, and is often collapsed at fts inner 
extremity, and thus forms a transition to the oesophagus of the following 
groups. 

“ Many Infusoria,” ho continues, have a completely collapsed oesophagus, 
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wliich, as forming a tube distinct from the parenchyma of the body, and 
hanging freely in the alimentary cavity, is perhaps entirely wanting in some 
species ; at least, I have hitherto been unable to detect it in AniphilcptuSy 
most species of TracheUuSy Enchelys, Coleps, and Traclielocerca, in which it 
only appeared to bo a canal through the parenchyma of the body : and these 
are generally incapable of forming roundish morsels like the species hitherto 
under consideration ; but they usually swallow larger particles, which then 
pass separately into the cavity of the body, often even without being accom- 
panied by water. It is very difficult to detennine whether the oesophagus of 
these animals is furnished internally with cilia. In some, such as Coleps, 
this almost appears to be the case : these swim to any slimy mass, such as a 
deliquescent Infusorium, press the anterior extremity of the body against it, 
and open the mouth and oesophagus, which are usually closed, so as to form 
a wide canal ; the mass lying before the Coleps then passes through this canal 
into the interior of its body, apparently without any swallowing movements 
on its part, so that it can hardly be driven in except by ciliary action. In 
others, on the contrary, the cilia of the oesophagus appear to be wanting, as 
in A mpliUcptiiSy Emhelys, Tradielim ; these perform regular movements of 
deglutition, in order to ovt^rcome their prey, which usually consists of Infu- 
soria of tolerable size : they push themselves, as it were, with swallowing 
motions, like the Snakes, over their prey (so that they can very rarely bo fed 
with colour) ; and this never forms stomach-like morsels, except when it is 
(!ontaincd in this form in the Infusoria devoured.^’ 

Stomacii-sacs. The Polygastric Hypothesis. — The next organs, con- 
cerned with digestion, to be considered, are the stomach-saes or vesicles of 
Ehrenbcrg — the ‘‘digestive globules” of Mr. Carter (XXVIII. 8/). The 
foraier has described these to be disposed after certain definite types, whicli 
form the basis of his system of classification of the Polygasttnea. To describe 
these typos, w^c must premise that the families comprised in our group of 
Ciliated Protozoa represent the Enterodela of the Berlin naturalist, or those 
Polygastrica having a true alimentary canal uniting the stomach-sacs together, 
and continuous throughout from the mouth to the assumed discharging orifice. 
The Enterodeki were subdivided into sections according to the relative posi- 
tions of the mouth and anus. The first of these was named Anopisthia, in 
wdiich the intestine was so curved upon itself that its two extremities were 
conteiminous in one aperture, which therefore served the double office of a 
receiving- and a discharging-orifice. This curvature of the intestine further 
suggested the term Cycloccela to express it. ' The families in this section were 
VorticMina. and Ophi'ydina. ITie next section, called Enantiotretay included 
animalcules in which the oral and the anal apertures were at opposite ends of 
the body. When this was the case, the intestine might either pass straight 
between the openings, or be more or less twisted in its course : in tlic former 
case, the Polygastrica were called Orthocoela ; in the latter, Campylocada, 
Tlie Enclielm and Colepina were the two families of Enantiotreta, The third 
section was the Allotreta, having one orifice terminal, and the other lateral, 
and the fourth the Catotreta, having the two orifices on the sajno side, not 
terminal but abdominal. The members of those two last sections, lastly, had 
cither a straight or, more commonly, a contorted intestine, or, in other words, 
were either Orihocoela or Campyloccela, 

Such is an outline of Ehrenborg’s views of the alimentary apparatus of the 
Ciliated Protozoa, as advanced in his great work of 1838, and never since re- 
called. They rested chiefiy on some imperfect observations and experiments 
made with coloured food, and have failed to be confirmed in the hands of 
other microscopists. Although diligently sought after, no one has been able 
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to demonstrate the intestine connecting together the several gastric eavities ; 
and what is of more weight tlian the absence of direct evidence, arc certain 
facts subversive of the notion that any such tube exists, — viz. the irregularity 
in the course taken by the bolus of food when transmitted into the interior ; the 
intermingling of the first- and last-swallowed morsels; the movements hither 
and thither, and the actual rotation within the interior of the globules called 
stomach-sacs ; tho occasional coalescence of these sacs, and the not infrequent 
occuiTencc internally of frustules of Diato'inem and joints of various micro- 
scopic Alga) of great relative length to the animalcule (XXVIII. 31) — some- 
times, indeed, so long as to stretch the soft body itself (XXVIII. I). On the 
strength of jthese facts, coupled with the absence of demonstrative evidence 
of its truth, tho polygastric theory, and the system of classification founded 
upon it, have together been all but universally rejected. 

Meyen was one of the first seriously to examine the statements of Ehrcn- 
berg : his conclusions were quoted at large in our last edition. He rejected 
the polygastric hypotliesis because he failed to discover the connecting intes- 
tinal tube represented by Ehrenberg, and, on the other hand, detected tho 
rotation and coalescence of the assumed stomachs. Ilis views of intemal 
organization closely tally with those now generally admitted. He recognized 
the digestive tube, the formation of the globule of food at its apparently open 
termination, and its onward course into the interior of the animalcule, where 
it constituted one of the supposed stomach-sacs. He seems, indeed, to have 
imagined a sort of stomach-like dilatation at tho end of tho alimentary canal, 
which served to limit the dimensions of tho food-globule there fomied. The 
circulation of the globules ho attributed to tho force of deglutition and to 
tho pressure of others subsequently swtiUowcd : the residue left after diges- 
tion he described as escaping by an anus. 

An extract from Mr. Carter’s valuable paper {A, N, H, 1856, xviii. p. 123) 
may with propriety be introduced here. ‘‘ I cannot,” ho says, ‘‘ with some 
others, think that there is any intestinal canal in the abdominal cavity, be- 
cause the digestive globules and other particles of food are constantly under- 
going circulation round the whole of its interior. In Vorticella, particles of 
food may occasionally be seen to circulate tliroughout, and accumulate in 
eveiy comer of its interior, particularly those which do not happen to be en- 
closed in globules. Moreover, the intimate resemblance which exists between 
the alimentary organs of higher Infusoria (viz. Nassula, Otostoma, &c.) and 
those of the binocular and so-caUed blind Flanarice — in the distance of tho 
mouth from the anterior extremity, tho presence of a buccal apparatus, and a 
simple sac-like stomach in the latter, lined with a layer of mucous substance 
(sarcode ?), charged with the ‘ spherical cells ’ about to be described — ^is so 
great, that, 'with such a simple gastric organ in an animal so closely allied to 
those Infusoria as Planai'ia, I do not see what reason wo have, in descending 
the scale, to expect a more complicated digestive apparatus, but, on the con- 
trary, one still more simple, in which there would be no stomach at all , — a 
condition which appears to me to be common to all the Infusoria .that have 
come under jny notice.” 

The results of actual observation show that food is drawn into the mouth 
by the action of its surrounding cilia, and is thence transmitted rapidly through 
the pharynx and its continuation, tho digestive tube, into the loose tissue of 
tho interior, assuming at first an elongated oval shape, but which soon changes 
to globular in its passage. Tho food so introduced appears mostly like a 
minute drop of water holding some solid particles in suspension, and presents 
a clear areola around a darker centre. Its course in the interior seems to 
depend on the varjdng force of projection exerted by the contractilitj'' of the 
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tub© behind it and by the primary impetus given it by the action of the cilia ; 
thus, the more rapidly it is propelled, the greater is the circuit it describes. 
Stein represents it to make a wide spiral curve of one or two gyrations in 
Opercularia, and in 0. herherimt to escape finally by a determinate discharg- 
ing orifice situated at the bottom of the vestibule. In this latter species, ho 
moreover describes the impetus of the swallowed poHion to bo so strong as 
to drive the nucleus from its usual position. Although a discharging orifice 
in a particular site is thus referi’cd to by Stein in the Opermlaxia herherlna^ 
yet at another page(p. 17) he says, generally, that lie has been unable to de- 
tect such a fixed vent in aii}^ animalcule, but that where the excreted matters 
do not, as in Chilodon and other species, escape by the mouth, they make 
their way to one particular region of the body, through which they escai>o, 
not by an opening with a visible margin, but through a rupture of the in- 
tegument, which closes up and disaiipoars immediately after their exit. 

This production of a fortuitous opening for the escapes of the excreta, had 
been previously described by Dujardin as general in the Ciliata. Siebold, on 
the contrary, upheld the opposite opinion of the existence of a defined anal 
apci-ture among them. In most Stomatodn^ the anus (be writes) is generally 
situated at the opposite extremity of the body to the mouth, and on the under 
surface ; but whore it is absent, the mouth serves both as inlet and outlet, as 
among the Polypes. Cohn admits, at least in certain cases, tlu^ presence of a 
definite anus; for in his recent figures of Nassuhi elegans {Zeitsclir.f 1858) 
ho indicates such an aperture (XXVII I. 11 g), Lachmann is veiy positive 
on this question. Ho states (op. cit. p. 127) that a long and careful ob- 
servation of an individual will always show that the faeces are invariably 
thrown out at the same part of the body ; and in many Infusoria wo may 
frequently recognize the anus in the form of a small pit on the surface of the 
animal, even for a considerable time before and after excretion (this is often 
the case in Parameciimi Aurelia, P. Bursarkt, and Stentor). Tliat tlie fteces 
are not forced througli the parenchyma at any point on the surface of the 
body, is proved especially by the careful observation of Spirostomuin ambU 
guum, and some new animals which arc to be united with the Btentors in one 
family. In the former, the anus is situated at the hinder end of the animal ; 
and close in front of it is the very large contractile vesicle. When fully ex- 
panded, this vesicle appears to bo surrounded only by a thin membrane ; but 
nevertheless wo see balls of excrement, often several nt the same time, on 
different sides of the vesicle, separating the laminae of its apparently simple 
covering, and forming projections which are often nearly hemispherical both 
towards the vesicle and the outer surface of the body. If masses of excre- 
ment do usually penetrate through the parenchyma of the body, we should 
expect it to be the case hero when the tension of tliis is so great ; wo should 
also expect to see the masses of excrement pass into the contractile space, if 
it were not a vesicle hut only a space in the parenchyma without proper 
walls. Neither of these things occurs, however ; the fbccal masses are not 
deposited from the body until they have reached the anus at the liinder ex- 
tremity of the body. A similar strong expansion of a tliin part of the body 
by fsccal masses, without any rupture, is scon, as already mentioned, in some 
new, Stentorina, which arc distinguished from the genus Stentor by their 
having that part of the parenchyma of the body which bears the ciliary 
spiral and the anus (which in all the Stentorina lies on the dorsal surface of 
the body close under the ciliary spiral, and not in a common pit Avith a mouth) 
drawn out into a. thin process. In one gemis, of which I observed two species 
(one is the Vorticellina ampulla of O. F. Muller) in company with E. Clapa- 
rede on the Norwegian coast, and which I will describe elsewhei’e, this pro- 
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cess is broad and foliaceous, and bears the rows of cilia on the margin, whilst 
the anus is placed far up on the dorsal surface of a thin plate. In the other 
genus, Chcetosjpira (Lachmann), obsoiwed by me in fresh -water near Berlin, 
the process is narrow and bacillar ; the series of cilia commences at its free 
extremity, and only forms a spiral when in action by the rolling up of the 
lamina ; in this genus also the process bears the anus. In both, fajc^ masses 
which arc thicker than the process in its extension, pass through it to the 
anus, without breaking through it, nohvithstanding the great expansion of 
its walls. 

“Not unfrequently several balls of excrement unite into a large mass 
before the anus, in order to be passed out together. When an excretion takes 
place, the anus is seen to open (but often closes once more and opens again 
before the expulsion of the masses is effected), and then the faecal masses are 
often expelled slowly.’’ 

He further describes the situation of the anus in Ehrenberg’s Oxytrichina 
and Eiiplota, in Colpodea with the exception of the species of Amphileptas 
and Uroleptus^ in the CycUdhm, and in OZauconia, Trachelius, CMlodon, and 
Nassula, to be on the ventral surface near the posterior extremity, or at the 
posterior extremity itself. In Bursaria and Spirostommn it is placed at the 
posterior extremity, as also more commonly in Coleps^ EifichelySy and Traclie- 
hcerca. In the Stentorina it occurs on the back close beneath the series of 
cilia, and in Ghilodon Cucullidif^ it is nearly on the right margin of the body 
near the hinder end. Among the true Vorticellina and Ophrydina the anus 
opens into the vestibule very close to the oral aperture, a stout cuiwcd bristle 
being placed between the two (XXIX. 2 e, %)» 

Excepting on this point of a pi^oformed, constant, and definite discharging 
orifice, there is among microscopists an almost universal accord in the pre- 
ceding account of the phenomena connected wdth the reception and digestion 
of food. It would be a useless expenditure of space to insert even an 
epitome of the observations and arguments of only the most eminent of 
modem naturalists who coincide with it ; it wiU be sufficient to cite their 
names and their contributions on the subject : — Meycn, in Edinh. Phil. Joum, 
vol. xxviii. ; Dujardin, Histoire des Infusoires, 1841 ; Siebold, Anatomie der 
Wirhellosen Thieve, 1848 ; Boek, Oken^s Isis, 1848 ; Wagner, Zootomie, sect. 
Infiisoma, 1848; Van der Hoeven, Lehrbmh der Zootomie, 1850; Leuckart, 
in Van der Hoeveii’s new edition, 1856; Stein, Die Infmionsthiere, 1854; 
Lachmann, “ On the Organization of the Infmoria,^'A,N,II. 1857,xix. ; Carter, 
Huxley, and Caipcntcr ; indeed, all British authorities, with 'whose works wo 
are acquainted, -svho have 'written on the subject. This is certainly a long 
array of authorities* against Ehrenberg’s theory of poly gastric organization ; 
and almost the only advocate he has found on his side is Eckhard, once a 
pupU of his own. This gentleman has published some observations which 
seemed confirmatory, but are undoubtedly erroneous in several particulars. 
The following remarks, bearing specially on the subject at present under con- 
sideration, may be quoted : — 

He writes — “ In such foims as are not too minute, we can distinctly see 
how the nutriment, artificially supplied, constantly takes a definite course in 
the body : in some instances the first portion of the alimentary tube can, 
when not in action, be observed, as in Epistylis grandis ; it is then frequently 
seen to be covered on the inner surface with cilia, which, in the Opercalaria, 
may even be counted. But that this alimentary canal does not, after a short 
course, terminate abruptly in the body, can also bo proved in the Epistylis 
grandis, 

“ In this animalcule a portion of colouring-matter swallowed is seen to 
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course along; an intestine and enter a coll. 1 also once attentively obsen- ed 
wliat appeared to be the extremity of the intestinal canal, to ascertain what 
the further course of the coloured particles would be. At this time the animal 
had not filled any of the cells in its inside ; suddenly two lateral cells became 
filled, although 1 did not perceive any nutriment piiss along the common tube. 
This clearly points out that the two cells must be iji connexion with the com- 
mon cavity from which they had become filled ; and when, after the animal 
has fed for a considerable time, we see that similar filled cells arc diffused 
throughout the body, tliis phenomenon affords a ground for the supposition 
that the intestinal cavity is of greater length than we should at first sight 
imagine.” (Wiegmann’s Archivy 1840, translated in A. N, 7/. 1847, xviii. 
p.433.) 

M. Pouchet, of llouen (Oomptes xxviii. pp. 82-510), has also 

adopted Ehrenberg’s notion of definite gastric c(41s, but has been unable to 
convince himself of the connecting intestine. jVlr. Sain nelson also («/. M, S, 
1856, p. 105 ; 1857, p. 104) seems to coincide with tliis view ; but in his se- 
veral papers on Glaucoma, cited, tlicre occur variations in description, which 
very much detract from their weight in deciding on any disputed point. 

Lachmann gives the following details (A. N, JI. xix. ]>. 118) : — “ The vesti- 
bulum continues the spiral line fomied by the row of cilia, constituting a bent 
tube, which contains a portion of this spire of cilia. In ac^cordance with the 
direction of this spiral, the concavity of the tube is turned towards the right, 
and its convexity towards the left : on tlie convex side the lumen of the tube 
is still more enlarged, especially in the parts placed furthest inwards, where 
the anus opens, llctween the anus and the mouth which leads further in- 
wards into the (esophagus springs a bent bristle, which is generally long 
enough to project outwards beyond the peristome. This bristle is stiff, and 
is only displaced a little to one side occasionally, when balls of excrement, 
whi(jh are too thick to pass beiwccji it and the wall of the vestibulum, are 
thrown out from the anus ; but it immediately returns again to its old position. 

“ From the mouth a short tube, the oesopluigm, with a far smaller lumen 
than the vestibulum, leads to a mthcr wider fusiform portion, which we will 
call the phanpixJ^ 

Tliis selection of terras we consider unfortunate, because it is opposed to 
their customary usage in comparative anatomy, — the phaiymx being always 
said to be prolonged into the oesophagus, and not the latter into the former. 
Tn all the Ciliata, except the Vorticellhia, the canal continuing from the oral 
aperture is not distinguishable into two portions or segments ; and one term 
would suffice to designate it throughout. In that class, where a dirision may 
possibly be remarked, it would be better to call the ujiper segment the pharynx 
or oesophagus, and the lower the alimimtaiy tube ; by so doing, no false con- 
ceptions could well arise. However, in quoting from Lachmann’s description 
we must let the words abide with the meai&ng he has assigned them. 

To continue our extract — “ In most VorticelUna (those witli a contractile 
stem, and the species of Epistylis and Trichodina) the longitudinal axis of 
the vestibulum and oesophagus runs tolerably parallel to the plane ofi thcvciliaiy 
disk, whilst that of the i)haiynx has rather tho direction of the axis of the body. 
In these, therefore, the axis of the ciliary spiral, which is continued os far as 
the pharynx, changes its direction at the commencement of the vestibulum : 
whilst it coincided with the axis of the body outside the vestibulum, it stands 
almost perpendicular to it within the vestibulum and in tlio oesophagus. In 
the very elongatqd forms of the Ophrydina (Khr.), whicli inliabit sheaths 
(Ophrydiumy Vaymicolay Cothurnia), the longitudinal axis of the vestibulum 
and oesophagus coincides more with that of the body, as also in the genera 

X 2 
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Opermlaria (as circumscribed by Stein) and Lagenophrys, Stein ; in the two 
latter the vestibulum is very wide, whilst in the elongated species it is narrow, 
but generally possesses a deep excavation for the anus.” 

“ Besides the cilia of the spiral (ciliary wreath), somo stronger cilia also 
stand in the vestibulum, in front of the mouth ; these do not take part in 
the regular activity of the others, but only strike forcibly sometimes, — appa- 
rently to remove from the vestibulum coarse substances which may have got 
into it, and also the masses of excrement.” 

“ The morsel passed from the pharynx into the interior of the body runs 
nearly to the posterior extremity of the Vorticellay and then, turning upwards, 
rises on the side of the body opposite to the phaiynx. During this portion 
of its course, it usually still retains the spindle-shape communicated to it by 
the phaiyiix, and only here changes to the globular form, often rather sud- 
denly : this induced me at first to think that the morsel was still enclosed in 
a tube during this part of its course ; and this opinion seemed to be supported 
by the circumstance that, before and behind the morsel, two linos are not uii- 
frequently seen, which unite at a short distance from it, like the outlines of 
a tube which it has dilated. Subsecpient obsciwations, however, have again 
shown me that this opinion is an improbable one ; lor the circumstances de- 
scribed must also occur when a fusiform morsel is passed with some force and 
rapidity through a (piiescent or slow-moving tenacious fluid mass ; the above- 
mentioned lines, before and behind the morsel, must be produced by the se- 
paration and reunion of the gelatinous mass, even if the morsel is not sur- 
roimded by a tube. But the existence of a tube depending from the pharynx 
appears, also to bo dir ectly contiadicted by the fact, on the one hand, that the 
cuiTcs described by the morsel are sometimes larger and sometimes smaller, 
and on the other, that the morsel acrpiires the globular form sometimes sooner 
and sometimes later, according as it is pushed out of the ])harynx with greater 
or less force and rapidity. The masses w^hirlcd into the iflrarynx aic not 
always aggregated into a morsel ; but sometimes, under conditions which 
have not yet been satisfactorily ascertained, all the masses which reach the 
pharynx arc seen to pass quickly through it without staying in it ; tliey then 
stream through the mass surrounding them in a clear streak which, like the 
morsels, describes a curve at the bottom of the bell, and only mix with the 
mass when their rapidity of motion has diminished. A roundish morsel, which 
might be regarded as a full stomach, is then never formed. We might easily 
be inclined to regard the clear bent streak with the particles flowing in it as 
an intestine ; and this has probably been done by Ehrenberg, who states that 
he distinctly saw the bent intestine in some Vorticellina, especially in Ejri- 
stylis plicatilis, in which 1 have also been able to study the phenomenon very 
closely. But in this case also there are the same reasons against the sup- 
position of an intestinal tube, as in that of the lines appearing before and 
behind a fusiform mass : here likewise, not only the form, but also the length, 
of the curve varies : whilst at one time it is but short, and soon terminates 
by the intermixture of the particles contained in it with the surrounding 
mass, it may immediately afterwards be twice as long or longer — it may even 
make a complete circuit and return nearly to its point of commencement be- 
neath the pharynx — ^a variation which appeal’s only to depend upon the force 
with which the cilia of the rotatory organ act ; so that we cannot explain the 
w^holo phenomenon otherwise than that the water wdth the particles contained 
in it, streaming with some rapidity into the mass with which the body is 
filled, cannot mix with the latter immediately, but only when its rapidity of 
niotion is diminished by friction, — -just as we see a rapid stream which falls 
into a sluggish or stagnant pool, or into the sea, still retaining its independ- 
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ence for a certain space, so that, if it differs in its colour or turbidity from tho 
water of the sea or pool, wc may distinguish it from the latter (with which 
it does not mix for a long time) in the form of a streak, which is often of 
great length. 

“ When the nutritive particles in the body of tho VortlceUcB have attained 
tho end of the clear streak under a constant diminution of their rapidity — and 
in the other case, when the morsel has lost its spindle -shape and become glo- 
bular — tliey have no longer any separate movement, but now only take part 
in a circulatory motion, in which all the parts in the interior of the body, 
with tho exception of the nucleus and contractile vesicle, are engaged.’^ 

This account applies in general to tho alimentary mechanism of all other 
Ciliata besides the Vorticellhia, except so far as concerns the dilated lower 
half of tho (Esophagus (/. e, phaiynx of Lachmann), which is never scon. 
The ciliated oesophagus ends by an obliquely truncate extremity, through 
which the drop of water introduced by the mouth enters the tenacious fluid 
mass of the interior, where it expands into a rounded vacuole or stomach-sac, 
which continues its onward curvilinear course until, by absorption or by ex- 
pulsion through tho anal outlet, it disappears. Yet it may hap])en, just as in 
the Vorticellhia, that the water and food, instead of, as usual, being united 
into drops and morsels, may be mixed at once with the contents of the abdo- 
men, and no semblance of a full vacuole be produced. 

A remarkable fact is recorded by Lachmann, of the digestive organization 
of Trachelhts Ovum, in which, by the way, Ehronberg declared the alimentary 
canal was more easily seen than in any other animalcule. “ In Traclidius 
Ovum,^* writes the author wo (jiiotc (j). 127), ‘‘ alone we see apro 2 )er stomach- 
wall separated from tho rest of the parenchyma by spaces filled with fluid, 
and thus form an arborescent ramified canal, which, however, must not be 
confounded with the iiikjIcus.** To this statement he adds, in a foot-note, 
— The animalcules devoured (TracheUm Ovum is one of the most voracious 
robbers) are jdways seen lying in the ramifications of tho stomach, in the clear 
spaces between tlicm, cxc(^pt in crushed animals. The clear round spaces in 
the parenchyma (cortical lamina) of the body, arc certainly no stomachs, but 
contractile spaces.” This structure was affirmed to the writer by Lichorkiihn, 
and was, no doubt, seen by Ehronberg, but misunderstood by him in most 
points. Its gastric character, however, has not past unchallenged, for both 
Cohn and Leuckhart (Wiegmann’s Archiv, Bench t, 1855) assert that it is no- 
thing more than a fibrous band extending inwards from tho integument in 
different directions through the soft contents of the interior. In this exjfia- 
nation Gegenbauer seems to agree — the granular bands described by this 
observer under tho name of trabeculm.” appeal ing idorftical with tho fibres 
of the two last-named writers. These traboculoc are stated to be contractile 
and to have a definite arrangement, tho princijial one (*x tending backwards 
from the long, ciliated, oral fissure along the same side of the l)ody, ami having 
secondary trabecula) branching from it and proceeding to the cortical lamina, 
where they arc lost. And although GegenbaiuT speaks of an intestine-like 
structure iirolonged hackwards from the mouth, in which nuiribroifs food- 
globules could be seen, yet he siiys that there was no pcrccjitiblc difference 
in structure to distinguish this so-called intestine from the rest of the body. 
Moreover he notes that the nutritive globules may be often seen passing 
through the smaller trabeculae. Besides the oral fissure, he remarlced another 
opening situated further forward than it, beneath the motile proboscis, where 
the tegumentary wall is thick, and connected with a trabecula extending 
inwarcls to unite with others. This opening he found to be constant in size 
and position, to be prolonged inwards to the chief trabecula as a wide 



310 


GKNEKAL HISTORY OF THE INFDSOKJA. 


fuiinel-Bliaped tube, often delicately iilaited longitudinally, and suiTOunded 
with cilia. Artificial feeding was tried ; but no colouring particles were swal- 
lowed. The existence of a digestive power is shoAvn by the disappearance of 
organic matters whicli have been swallowed, leaving little or no residue un- 
absorbed. Thus other smaller animal organisms are often the pixjy of Ciliata ; 
and their gradual absoi*ption into the general mass may be occasionally 
watched : the same, too, is true of vegetable matters such as Diatomeasy Des- 
midiea?y portions of Oscillator icH, and of various minute Algje, — although here 
a certain aniount of unassimilated matter in the hard lorica or valves remains 
over and above, to he subsequently got rid of. The changes ensuing in food 
during the act of digestion are illustrated by Khrenbcrg in his account of 
Bursar ia vernal is. This animalcule feeds vciy much on Oscillatoricc ; and on 
watching the fibres, they are s(jeii, when fii*st swallowed, to be elastic, rigid, 
and of a beautiful bluish-green colour, but presently they become lax and 
of a bright green hue, wliich afterwards changes to a yellowish green, and 
ultimately to a yellow, the filaments at the same time breaking up into de- 
tached joints. 

An assimilative function is evidenced both by the foregoing facts of the 
absori)tion of foreign organized matters, and also by the circumstances, that 
the magnitude acquired and the activity of other functions are regulated by 
the quantity of nutriment received, and that after certain substances have 
been taken as food they may be detected in certain parts, or throughout the 
tissue of the animiilculc. Of the latter, the introduction of clilorophyll into 
the subtcgumcntiiry tissue, by the medium of food containing this vegetable 
constituent, is an example ; and in general the colour of an animalcule depends 
directly on the food taken, or is indirectly influenced by its quality and 
quantity ; for an animal well nourished always exhibits its peculiar colour 
in the highest degree,- whilst ill-nourished sickly examples present little or 
none. 

This topic suggests another closely allied to it, viz. the artificial feeding 
with coloured substances, so much resorted to by Ehrenborg in his researches. 
It consists in tho introduction of a very small quantity of some insoluble 
colour, not a poison, capable of minute dirision, into tho water in which the 
animal floats whilst under observation. Tho colours generally employed are 
indigo and carmine, a little of one or other of Avhich is rubbed on the wet 
margin of the slide, surrounding the tlun glass cover, whence it gradually 
steals under the cover, and disperses its fine particles through the little drop 
in Avliich the animalcule floats. 

Another substance has been proposed as preferable, by Mr. Thomas White 
{J, M. S. 1854, p. 282), viz. the red. eyes of the common fly, reduced to fine 
powder by pressure. By feeding animalcules with this in lieu of carmine, the 
disadvantage arising from the dark particles of the latter crowding the field of 
view and obscuring the objects is obviated ; and, on the other hand, it has the 
actual advantage of being more readily imbibed, and therefore of appearing 
more speedily in the apparent stomach- sacs. 

Ehrenbcfg imagined that the Ciliata enjoy the sense of taste, leading them 
to choose or refuse at Avill among articles of nourishment within their reach. 
Thus he says that, amidst a number of individuals of Paramecium Aurelia , 
some took one sort of food, and others another, — ^no doubt a correct observa- 
tion, hut insufficient to prove the existence of taste. Nevertheless it must be 
allowed that some animalcules are especially found in company either with 
certain other small animal organisms, or with particular plants, or in water 
holding certain matters in solution, — a fact upon which our knowledge con- 
cerning their habitats and modes of life rests, but in itself no proof of the 
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existence of a sense of taste. Indeed, in the case of minute plants we per- 
ceive a similar apparent selection of localities abounding in appropiiate nutritive 
matters. Another assumed vital characteristic was, that Ciliated Infusona 
have a feeling of company (a fondness for society), inducing them to con- 
gregate together, — an idea requiring considemble effort of imagination to 
conceive, but which, Ave fear, \a 411 scarcely find acceptance os a feet by any 
person who will look abroad for parallel instances of the congregating together 
of the same organisms ; and plenty such ore at hand, even among the loAvest 
plants. 

Dental Appahatus, or Teeth. — Before quitting the subject of digestion and 
of the digestive organs, some notice must be taken of the peculiar formations 
considered by Ehrenberg to rejjrosent a dental apjparatm concei*iiod in tho 
preparation of the food for digestion. This apparatus occurs in tlie form of 
a cylinder of apparent biistlcs (XXIV. 282, 283, 308, 300 ; XXIX. 48) — 
the supposed teeth — placed behind the mouth, as seen in Chilodon (XXIX. 
48), Nassula, Chlamidodon, and Prorodon (XXVIII. 8, 65). The cylinder 
of teeth was further stated to be Avider in front, to be able to exjiaud itself to 
receive, and aftenvards to contiuct on the engulfed particle of food, so as to 
crush it and drive it iiiAA'ards. 

To these notions of the nature and action of the organ in qiu^stion, Stein 
cannot assent. lie states (p. 128) that he has frequently tried in vain to 
isolate it. On killing an aniinalciilc Avith solution of iodine, or witli dilute 
acetic acid, the funnel-like tube, at times straight, at others cuiwed, is di- 
stinctly displayed, as Avell in the smallest as in the larger specimens. It 
tapers posteriorly, and ends abruptly by an o))eii extremity in the cavity, 
and is composed of the same resistant clastic membrane as the (juticlc. 
Stein gives it the name of the oesophageal fiinnel.’’ Its Avider and thicker end 
is truncate and dentate or serrate, liaving from 8 to 16 dentations : between 
these the membrane appears to bo ]jlaitcd or groved for a considerable distance 
do Avn wards ; and it is tliose plaits or folds Avhich Ehrenberg took to bo long 
biistle-like teeth arranged side by side. This cylinder, therefore, is nothing 
more than an involution of the integument. It can be retracted and appear 
like a tapering oesophageal tube, or be protruded like a trumpet-shaped pro- 
cess beyond the general surface. It has not, however, that independent 
motile poAver in itself represented by Ehrenberg ; but all its movements 
depend upon those of the integument ; for Stein has never seen it either con- 
tract or dilate, cx(;ei)t simultaneously with tho contractions of the general 
surface. It bends, and is doubled up under pressure, and is neither denser 
nor a more brittle tissue than the cuticle ; nor can it be resolved into rod-like 
segments, , 

The plaited upper portion is not appai-eut in all species which have a 
homologous organ : thus in Nassuhi amhiyua (Stein, p. 249) the infimdibulum 
is smooth, although the double outline its membrane exhibits indicates its 
veiy considerable thickness. 

Secretion. — Sufficient evidence of the operation of this function is found 
in the Ciliated Protozoa, although no special organs or tissues can be pointed 
out for its exercise, unless, indeed, tho pair of peculiar solid-looking organs 
in the head of Opercuinria herberiformisy hereafter mentioned among accessory 
undetermined structures, be considered glandular (XXX. 2 c). 

The production of cilia may be considered an act of secretion, exercised so 
soon as an animalcule assumes a definite outline, and, under certain circum- 
stances in connexion Avith the encysting- process, repeated a second time 
within the life-time of an individual. Again, the excretion thrown out 
around Protozoa Avhen about to encyst themselves is another example of the 
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same process : so is also the special production of cuticular matter in the con- 
struction of the dense resisting shields and urcepli of loricated species, e. g. 
Coleps, or that of the substance used in the formation of stems and of 
external sheaths. Another instance of a secretion may be seen in the solvent 
fluid poured out for the solution of solid particles of food in the interior, — ^a 
fluid certainly not demonstrable apart, hut presumable from the phenomena 
of digestion. 

Having observed the particles of food in tho abdominal cavity to be fre- 
quently surrounded by a clear space filled mostly with colourless, but some- 
times with a coloured liquid, Ehrenberg at once attributed to it a digestive 
faculty, and termed it the bile. He speaks of this in the history of the genus 
Bursaria, Avhcrc it is stated to be cither colourless or reddish. In Nassula, 
again, lie figures biliaiy glands in the shape of vesicles forming a wide circlet 
around the mouth, filled with a violet-coloured juice, which is discharged 
with the excrcmentitious particles, and which at first appears like drops of 
oil, but soon mixes with and becomes diftiised through the water. The 
following species are enumerated as possessing one such vesicular gland : viz, 
Chilodon ormtus, Bursaria vermilh^ Trachelius Meleayris, Amphileptus mar-- 
garitifer. A, MeleagHs, and A. ioitgieoUis. 

The bodies thus represented by Ehrenberg as vesicular glands have not 
escaped the notice of Stein, who pronounces distinctly against their glandular 
nature, and insists ujion their being nothing but sections or joints of the fibres 
of the Oscillatorun and other plants that the animalcules feed upon, and which, 
in tho course of their digestion, change from green to a dusky blue, .aftci* wards 
to a reddish-brown colour, and at length, when broken up, become dittused 
throughout the inteiior, and impart to the entire animalcule a reddish- 
yellow hue. 

Cohn (Ze.ltschr, 1857, p. 143) has romai'ked in Nassula elegans numerous 
granules of a yellowish-brown and violet colour, cither collected into heaps 
or scattered through the interior. On tho under surface, near the anus, is 
usually a large violet mass, and at the opposite t)xtremity a similar smaller 
one, wliich have been described by Ehrenberg as biliary glands (XXVIIT. 11, 
1 2). If they are not particles of vegetable-coloured food altered in hue by 
the process of digestion or solution, they may, says Cohn, be considered 
analogous to the chlorophyll-corpuscles of Paramechim (Loocodes) Bursaria, 
of Spirostomum, or of Vorticella viridis, and a special form of colouring 
matter. Tho collection of tho coloured mass about the anus, and its dis- 
charge in the shape of bluish particles — ^facts noticed by Ehrenberg — indicate 
its nature to be oifete and excrcmentitious. Yet it is not tho mere crude 
joints of Osclllatonct„ as Stein supposed, but matter which has been digested. 
The heap about the neck is by no means constant. 

Contractile Vksicle. — Passing now to the other contents of the Ciliata, 
tho contractile vosiede or space first arrests our attention. Mr. Carter would 
call it simply the ‘ vesicula ; ’ but this word, 'without the adjunct ‘‘ contractile ” 
to particiilarize it, seems insuifleient, especially when tho Latin language is 
used in description. 

This organ is of universal occurrence among the Ciliata ; it is mostly single ; 
but in a few instances two and even three such, mostly of uuequal magnitude, 
occur. It did not escape the notice of Ehrenberg, who has figured it in all 
his plates of these beings. It occurs as a clear, hollow, mostly rounded space 
in the interior, its precise position differing in different species. It is always 
placed in, or closely connected 'with, the cortical or contractile lamina, and is 
not affected by the circulatory current. In tho great majority of species it 
is situated nearer the anterior extremity, and in very close relation with the 
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mouth or alimentuiy tube : thus in Ophr-yoglenay Bursaria, Opercularia, 
E^istylis, and Zoothamnium it lies close upon the vestibulum within, or 
almost within, the region of the ciliaiy wreath (XXVII. J 6 ; XXX. 9-11) ; 
in Vorticella and Vayinicola it is placed against the upper part of the ali- 
mentary tube, and in Trichodina, Nassula, and many others, near it at its 
termination (XXX. 5, t>, 17 ; XXIX. 4). Exceptions to this position are 
met with in Coleps and Col^oda (XXIX. 35-37), where it occupies the 
posterior extremity, placed very close to the external suiface. When two 
vesicles exist, they are often placed on opposite sides of the body, the one 
more or less anterior to the other, as seen in Paramecium (XXIX. 29, 30). 
In Chihdon Cucullulus a third is sometimes seen near tlie posterior extremity 
(XXIX. 48). 

On watching these clear spaces, they arc observed to disappear for a few 
moments and again to reappear — ^in other words, to exhilut rhythmical con- 
tractions, a feature wliich distinguishes them from any other vesicular spaces. 
The contraction is known as the ‘ systole,^ the re-expansion as the ‘ diastole ; ’ 
these movements may be cither regular or irregular, and tlicy differ in dura- 
tion in different species. Perty states that the pulsations in Stylonycliia 
pmtulata occupy from six to seven seconds ; in Spirochona and Colpoda they 
are more prolonged ; indeed, as Stein affirms, they are slower in the former 
genus than in any other animalcule he has examined. When more tluin one 
vesicle is present, no uniformity in the order of tlieir movements has hitherto 
been proved, although Hicbold believes they must follow some rule. As evi- 
dence of the indeiicndenco of the vesicle of the general contents of the body, 
Lachmaim records {A. N, H. 1857, xix. p. 126) the fact that, even after the 
contents of an animalcule have been sucked out by an Adnetay the vesicle 
lodged in the still i)rcscnt and contractile layer may continue to pulsate for 
several hours. 

With regard to the number of those vesicles in particular species, much 
discrepancy has existed among observers. Hiebold affirms that Ehrcnberg lias 
proceeded in a purely arbitrary manner in calling one a contractile or sper- 
matic sac, and others, indistinguishable from it, gastric cells, and quotes in 
illustration the IJcrlin Professor’s description of the vesicles of Amphileptus 
meleayris and of A, lonyicollis. To this objection Eckhard rejoined by assert- 
ing that Ehrcnberg was guided in determining the nature of vesicles by cer- 
tain appreciable differences in the character and contractions of different sacs, 
and tliat Siebold had erroneously represented lateral abdominal vesicles in 
Stentovy and an elongated one in Spirostomiim amhiyuum. In this, however, 
he was wrong, for the description of Siebold has been confirmed by Lachmann 
and others (XXIX. 7) ; and on the other hand, Ehrcnberg is not so much in 
error respecting the numbers of these vesicular spaces as Siebold was led to 
suppose. 

It is, indeed, only by careful and repeated observations that such variations 
can bo reconciled. In pronouncing a space contractile, a sufficient criterion 
seems to be foimd in the circumstance of a like organ being found, in all 
specimens of the same animalcule, constant in position, and rhythmical in 
its movements. Gastric cavities or alimentary vacuoles may collapse and 
disappear ; but this movement is not followed by renewed acts of disapi)car- 
ance and reappearance in regular succession, and in the same spot ; for if one 
such vacuole do replace another, a general movement onwards in the course 
of the internal cyclosis may be discovered. Another test to distinguish a 
stomach- vesicle from a true contractile sac may be found in the use of coloured 
food. Now that the special contractile sac is admitted generally to be merely 
the central organ of a system of contractile vessels disposed at various parts 
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of the body, the appearance at times of additional vesicles, and consequently 
also the discrepancies of authors as to the numbers present, are explicable 
by supposing^ the accidental dilatation of a tube here and there — as a vari- 
cose vessel, — the dilatations representing for the time additional contractile 
spaces. 

This explanation occurred, among others, to Mr. Carter. Thus ho remarks 
(A. N. H, 185f5, xviii. p. 128) that in Ghilodon, where the vesicle is normally 
single and near one extremity, it is not uncommon to meet, amid a group of 
these animalcules, various indiidduals presenting a variable number of con- 
tractile vesicles irregularly dispersed through the body, Avithout one being in 
the true position of the * vesicula.’ That,” ho Avrites, the * vosicula ’ does 
make its appearance now and then, may be inferred, as it perhaps may also 
be inferred that from over-irritability, or some such cause, it docs not remain 
under dilatation long enough to receive the contents of the sinuses ; and hence 
their accidental dilatation, and the appearance of a plurality of vesiculro.” 

To tliis accidental dilatation of vascular channels at particular points may 
be referred the 50 to 60 regularly placed vesicles described by Gegonbauer 
in TracheliuA, the 12 to IG mentioned by Siebold and Perty in Ainjpkileptus, 
and also the roAV of them seen along the side of SUmtor, In this last-named 
genus there is a circular canal surroundiiig the head or ciliary Avreath, which 
sends off a branch at right angles along the side to nearly its posterior end 
(XXIX. 7). In Spirostomum, again, a long contractile channel occupies the 
length of the body. 

The existence of a second vesicle in an animalcule normally possessing but 
one, Ehrcnberg explained by supposing an act of fission to haA^e occurred 
prior to division of the entire being, — an explanation in Avhich Mr. Carter 
concurs. But if Stein be right, the contractile vesicle does not undergo 
fission, but makes its appearance in the noAvly-formed half by an act of 
development de novo. In this statement Wiegmann concurs (Perty, p. 63). 

Ehrcnberg concluded the contractile spaces to be tnie sacs, limited by a 
definite mcmbraiio, — a conclusion sanctioned also by Siebold, forasmuch as, 
during successive contractions and dilatations, the vesicles retain the same 
place, figure, and number. ^Ir. Carter supplies direct c\ideucc of the fact 
{A. N. H. 1856, xAdii. p. 130), haring observed on one occasion a A’osiclc re- 
main pendent in a globular form to the buccal cavity of a VoHicella, “ wlien, 
by the decomposition of the sarcodc and the evolution of a swarm of rapidly - 
moving monadic particles, these tAVo organs, with the cylindrical nucleus or 
gland, though still slightly adhering to each other, Averc so dissected out as 
to be nearly separate ; and thus yielding in position from time to time, as they 
were struck by the little particles, their forms and relative positions respect- 
ively became particularly evident.”* Moreover, Lachmann {A. N. H. 1857, 
xix. p. 226) argues at length in favour of the true vesicular character of 
contractile spaces. Thus he remarks — “ The mode of contraction, which 
differs from the other contractile phenomena of .the parenchyma of the body, 
appears to speak decidedly in favour of the vesicular nature of the contractile 
space. . Tho circumstance that, befora its complete expansion, it frequently 
appeal’s to be divided into tAVO or three, is not opposed to this, as a vesicle 
may very well be constricted into two or more parts by the paitial contrac- 
tion of annular portions, or by strictures. Some other facts appear to be in 
favour of the vesicular nature of the contractile space, such as the phsenomenon 
presented by Spirostonimn amhiguum, already referred to, in which bolls of 
qxertment pass to the anus between the contractile space and tho outer skin 
of the animal, and, although often arching tho wall of the contractile space 
into a semiglobular form, yet never break through into it. In Actinophrysy the 
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supposition that there is a membranous boundary, at least on the outside of 
the contractile vesicle, can hardly be rejected, as its wall, which is situated 
on the outermost surface of the body, must burst at the moment of greatest 
expansion, if it wore only composed of the gelatinous parenchyma of the 
body.” 

Still the contrary opinion, viz. that the contractile spaces are mere vacuoles 
in the substance of the interior, without a limiting membrane, has found able 
supporters in Meycn, Dujardin, Stein, and Perty. The fii’st-named writer 
compares them to the changing vacuoles which spontaneously generate in 
the vegetable protoplasm of plant-cells, by an inherent property or process 
known as that of vacuolation, and which is equally a phenomenon of simple 
animal protoplasm or contractile tissue. Indeed, there is no doubt that clear 
hollow spaces or vacuoles may appear and disappear within the substance of 
Protozoa, and that some of those rcmai*ked by Dujardin, Siebold, and others 
immediately beneath the integument were of this number ; yet such vacuoles 
want the constancy in position, figure, and pulsating power belonging to ti-uo 
contractile sacs. Besides, as we shall presently see, the evident ramifications 
or canaliculi of many contractilo vesicles among the Ciliata afford further 
grounds for distinguishing between these and mere vacuoles, which, as fur as 
we arc aware, never have such offshoota. 

Another questionable point among observers is, whether any communica- 
tion exists between the ca^dty of the contractile vesicle and the free surface 
near to which it is placed. The majority concur in the negative ; but several, 
among whom are Oscar Schmidt (Froriep^s Noth., 1849, vol. ix. ; Lehrhmh 
der Vertjleichend. Anatomie, 1853), Mr. Gray {Sillhnan^s Journ. 1853), Mr. 
Rood (Silliman^s Journ. 1853, p. 70), and Mr. Carter, are of opinion that a 
direct communication, between the fluid contents of the vesicle and tlie watery 
medium bathing the external surface, is established by means of foramina in 
the walls. On this question Lachmann remarks (oj), cit. p. 227) — In many 
Infusoria we see one or more pale spots upon the contractile vesicle, which 
may easily be mistaken for orifices, but on closer examination prove to bo 
only thin spots in the parenchyma of tlic body and the skin, by which the 
action of the external w^atcr upon the contents of the vascular system is 
certainly facilitated, so that they probably serve for rcsi)iratory purposes. 
These round clear spots arc particularly numerous upon the contractile space 
of Spirostomum amhiguuin." The admission or the denial of such a commu- 
nication will very much affect the opinion held concerning the nature of the 
office performed by the vesicle, to which we shall immediately advert. 

The superficial vesicles or vacuoles before alluded to, considered by Dujardin 
of the same nature as the contractile vesicle itself, have not been sufiicicntly 
examined and defined of late to warrant a conclusion as to their real cha- 
racter : yet i^robably some of those spaces arc no more than mere vacuolae, 
whilst others arc dilatations of the channels of the ramified vascular system. 
Mr. Carter would in general assign to them the latter character. However, 
we believe that many of those which have attracted attention have been 
isolated vesicles, developed from time time, and to bo concerned. in securing 
a more perfect aeration of the contained fluid. Siebold, indeed, went so far 
as to presume they opened upon the external surface, and brought their con- 
tents into relation with the surrounding water. 

In figure, contractilo spaces are, for the most part, round or somewhat 
oval, and as to size stand in no direct relation with that of the animalcules 
they appertain tp. Examples of the prevailing figure are seen in Ophrydium, 
Zoothammum, Chilodon, Colpoda, TricTwdina, &c. Even in some of these appa- 
rently simple globular sacs, Mr. Carter discovered a series of spheincal sinuses 
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surroimdiiig and communicating directly with them. These accessory vesicles, 
he tells us {pp. cit. p. 130), are, under exhaustion of the animalcule from 
vaiious causes, so distended, and thus so approximated, as to assume the 
appearance of an areolar structure immediately in contact with the vcsicula. 
Each globular sinus would, however, appear to be the proximal or largest of 
a concatenation of smaller ones, which diminish in size with their distance 
from the vc'sicula.” This account tallies with that recorded by Mr. Samuelson 
(J. M. S. 18^)7, p. 104), respecting the single globular vesicle of Glaucoma 
scinfitlans, which when it contracts forces the fluid into others which 
appear temporarily formed around it ; ” and these, by contracting in their turn, 
refill the central vesicle. 

llcsides the seemingly simple spherical vesicles, there are others that pre- 
sent evident branches and a different figure. Such, for instance, are the 
elongated vascular canal of Spirostomum, and the annular canal with its row 
of vesicles down the side, — which seem capable of coalescing into a continuous 
channel, seen in Stentor (XXTX. 7). In Paramecium Aurelia (XXV. 329), 
each contractile vesicle assumes a stellate form, owing to the radiating pro- 
cesses it sends off on all sides, and which Eckhard represented as prolonged 
through the body by interrupted channels. It is from the study of this 
Paramecium especially, that observci-s have generally arrived at the belief in 
the existence of vascular canals in the Oiliata, connected with the contractile 
vesicle as a central organ. That there exists a vascular system more or less 
distributed through the body, most recent microscopists are in accord : we 
may mention Licbcrkiihn, Lachmann, Mr. Carter, Professor Busk, and Mr. 
Samuelson. 

As this apparatus will be best considered in connexion with its assigned 
ftinctions, we shall speak of them together, premising our account with the 
history of Ehrenborg’s conjectures on the nature and function of the con- 
tnictilo vesicle. This distinguished naturalist was led by his hypothesis of 
organization to seek for each of the organs of higher animals a parallel or 
analogue in the Infusona ; and one of the most curious analogies ho hit upon 
was that of the contractile sac with the spermatic vesicle. In this office he 
represented the vesicle as recemng from the testis (nucleus) a reproductive 
fluid, which it again ejected among the ova (granules, alimentary vesicles, 
&c.) occupying the interior of the animalcule. In this peculiar notion 
Ehrenberg has met with few disciples : for, as Siebold has justly objected, it 
is a pei-fectly gratuitous hypothesis, without analogy in the animal kingdom ; 
for in no animal is such a thing seen as an incessant projection of seminal 
fluid into the interior ; and further, both the nature of the nucleus as a testis 
or secretory organ of spermatic fluid, and the existence of recipient ova, are 
at best very doubtful hj’pothcscs. 

The oi)inions now in vogue concerning the function of the contractile 
vesicle and of its prolongations or processes are that it is either (1) a water- 
vascular and respiratory system, homologous with that of the Rotatoria, 
or (2) homologous with a blood-vascular system, or (3) an excretory appa- 
ratus. . The first conjecture presupposes a direct communication between the 
fluid in this vascular system and the surrounding aqueous medium ; by the 
second, no such direct communication need be presumed ; the third view is 
especially supported by Mr. Carter, Bergmann, and licuckhart. 

In his notions concerning the organization and function of the contractile 
vesicle, Stein differs from most other recent investigators. As we have 
alrondy seen, he denies a limiting membrane to the vesicle ; he, moreover, 
can neither acquiesce in the belief of the existence of outlets, nor in the 
respiratory purpose attributed to it by Siebold and O. Schmidt. He is even 
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doubtful of the stellate structure, as an actual fact, in the Paramecia ; for in 
P, Bursaria, in Nassula, and other animalcules this apparent structure may 
be, he believes, produced at will by the exercise of slight pressure, as by that 
of the thill ghiss-cover upon the object, w-hen the diastole of the vesicle is 
incomplete. Again, he objects against the supposed water- vascular system 
and its respiratory office, that, in comparison to the large ciliated pharynx, 
within which a fresh supply of water is perpetually introduced, and through 
whose delicate walls a respiratory act may be readily conceived to take place, 
the small contractile space commonly appended to it appears of inconsider- 
able importance as an aerating organ. Furtlicr, he cannot conceive the 
necessity of a rcspiratoiy apparatus in any animalcule which lives surrounded 
on all sides by water, besides receiving it incessantly wuthin its interior, and 
which can therefore so readily absorb its oxygen through its delicate tissues. 
Another fact adverse to this assigned function is, that the vesicles of einbiyos, 
whilst still within the parent, are seen in fidl activity, althougli in that posi- 
tion no renew’^ed supply of fresh water is afforded them. 

These objections of Stein lessen upon consideration : thus his opinion that 
the vesicle is a mere vacuole, that its radiating canals are probably accidental 
appearances, and his ignoring the existence of a set of vascular channels 
through the inteiior, are set aside by the direct obseivations of several 
naturalists to the contrary. So, although his arguments, generally, against 
the presence of a special respiratory ap]jaratus are not without force, yet the 
remark that he can conceive no need of such an apparatus in animalcules so 
circumstanced as the Ciliata is ivorthless as an argument ; for in all such 
inquiries into the phenomena of life we are not to suppose an organization 
and then to find it, but, on the contrary, to discover facts, and tlien, if possi- 
ble, to determine on their nature. 

That the contractile vesicle and its connected channels do not constitute a 
water- vascular and respiratory system, is also the opinion of Lachmann and 
Carter. The former able observer has confirmed and extended our previous 
knowledge of the vascular apparatus, and thus conveys his researcdies and 
opinions (op. cit, p. 224) : — “ When the contractile space (of Paramecium 
Aurelki) is full and wide open, the rays can only bo observed as fine lines, or, 
when the light is not good, are entirely imperceptible ; by tlic sudden con- 
traction of tlic space, hoivovcr, tlicy instantly swell 'into a pyiiform com- 
mencement close to the position of the contractile vesicle which has disap- 
peared. With favourable illumination, when the animals possess the proper 
degree of transparency, the rays may be traced in Paramecium Aurelia across 
the half of the animal, and wo may sometimes perceive a bifurcation of one 
or other of them. Dmdng the slow reappearance of the contractile space, 
the rays gradually decrease ; and they have almost entirely disappeared, or 
become reduced to fine lines, when the vesicle has attained its full extension. 
These rays, as wxll as the contractile spaces, lie, as in all Infusoria, close 
under the skin (‘ cuticula ’ of Cohn), in the parenchyma of the body (' corti- 
cal layer ’ or ‘ cell-membrane ’ of Cohn). 

** In many Vorticellce we also find processes going off from tlu^ contractile 
vesicle (Ehrenberg even states that he has frequently seen the contractile 
vesicle of Carchesium polypinum lobato or almost radiate) ; of these I have 
been able^to trace one particularly, inV, nebulifera, P. Campanula, and Carche- 
sium polypinum, up to close beneath the skin of the ciliary disk ; this, when 
seen from above, exhibited a longish section. Erom this a fine branch appears 
to run, on the upper w'all of the vestibulum, transversely across this to the 
other side ; at least, I have seen a thin process hanging down like a short 
curtain into the vestibulum from the side turned tow'ards the ciliary disk, 
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which swelled up when the above-mentioned process became enlarged in con- 
sequence of the contraction of the vesicle. 

In Dendrosoma radians (Ehr.), a fine vessel runs through the whole 
length of the body, and sends branches into its ramifications : it is furnished 
with a number of contractile spaces, partly in the stem and partly in the 
branches. 

“ The processes of the contractile space are seen with remarkable distinct- 
ness in the large Stentor polymorphus (including iS. Ropselii and S. MuLlei'i), in 
which a very considerable portion of a vascular system may be recognized. 
The large contractile space lies a little to the left of the oesophagus, near the 
plane of the cUiary disk. From it a longitudinal vessel nuis to the posterior 
extremity of the animal, and an annular vessel round the eiHaiy disk (Stirn) 
close under its series of cilia. Both these are visible even during the expan- 
sion of the contractile vesicle, but swell up suddenly like the vessels of the 
above-mentioned Infusoria during its contraction : at this time the longitu- 
dinal vessel usually exhibits considerable dilatations, which, when superfi- 
cially examined, may easily be taken for independent, disunited cavities 
(vacuoles). The annular vessel exhibits a more uniform lumen ; only two 
roundish dilatations make their appearance in it — one close to the anus on the 
dorsal side of the animal, and the other close to the oesophagus on the ventral 
surface. Both vessels gradually decrease during the reappearance of the con- 
tractile vesicle, apparently without any contraction of their o^vn, in the same 
way as the vessels of the Paramecia, The longitudinal vessel of the Stentors^ 
and a similar one in Spirosfomum amhu/uum^ were first described by Von Sie- 
bold, whilst their existence lias been erroneously denied by Fckliard. 

‘‘ As we thus find a vnscular system in the Stentorsy and in other Infusoria 
recognize the parts Ijdng nearest to the centre (the contractile space) some- 
times easily and sometimes with difficulty, wo may certainly conclude that 
such a system exists in all Infusoria which possess a contractile space, even 
when no branches have been detected running out from this. That this 
system does not merely consist of accidental chasms in the parenchjTna of the 
body (vacuoles of Bujardin), is apparent from its regularity. When it is as- 
serted, in proof of the inconstancy of these vacuoles, that exactly similar ones 
frequently make their appearance in other parts of the body, this appears to 
me to arise from very different things being confounded together. The swell- 
ing dilatations of existing vessels are certainly often regarded as such vacu- 
oles, without its being remembered that these dilatations always gradually 
decrease again, whilst the tnic vascular centres, the contractile spaces, always 
diminish suddenly in healthy animals. Moreover, in diseased Infusoria, an 
exudation of a fiuid,iwith which the parenchyma is normally imbued, appears 
to take place from it even into the cavity of the body, and perhaps into chasms 
of the parenchyma, as we often see it take place in Infusoria and many other 
low invertebrate animals, on the surface of the body. These sarcodc-drops 
appear to be incapable of ever being again absorbed ; but their formation 
always appears to lead, although slowly, to the death of the animal.” 

After tho above details, Lachmann inquires the nature of the function this 
vascular apparatus performs ; and having satisfied himself of the nonexistence 
of a communication between the interior of the vesicle and the external sur- 
face, he rejects the idea of its being a water-vascular system, as “ do not 
possess the certain proof of one of the most essential requirements of a water- 
vascular system — ^tho existence of an external orifice, — and some things 
appear directly opposed to it.” 

Mr. Carter coincides with Lachmann in many particulars respecting the 
structure of the vascular system of CHliata ; but in others he materially differa : 
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for instance, he thinks he has made out the existence of apertures opening 
on the free surface whether of the alimentary tube or of the general integu- 
ment, close to one or other of which ho always duds the vesicle ; and, with 
this view of the structure, ho connects the function of an excretory organ 
with the sac in question. 

To support this view respecting the office of the contractile vesicle, he ad- 
vances the following observations (qp. cit. p. 126) : — “ 1st. It is always seen 
either close to the pellicula or close to the buccal cavity, and always sta- 
tionary. Thus, in Paramecium Aurelia it is close to the suiface, and although 
it, of course, passes out of view as the animalcule turns on its long axis, yet 
it always reappears, after contraction, in the same place, — while in Vorticella 
it is attached to the buccal cavity, and, being centrically situated, seldom 
passes out of view, except when it disappears under contraction, after which 
it also reappears in the same place. 

** 2nd. In Acthiophi^ys Sol and other Amcehoif during the act of dilatation, 
the vesicula projects far above the level of the pellicula, even so much so as 
occasionally to form an elongated, transparent, mammilliform eminence, 
which, at the moment of contraction, subsides precisely like a blister of some 
soft tenacious substance that has just been pricked with a pin. 

“ 3rd. Lastly, wlien wo watch the contraction of the vesicula in a recently 
encysted Vorticella, we observe that at the same moment that it contracts 
the buccal cavity becomes filled with fluid, and, further, that this fluid dis- 
appears from the buccal cavity, and all trace of the latter with it, long before 
the vesicula reappears, — thus proving at once that the fluid comes from the 
vesicula, and docs not return to it, whatever may become of it afterwards. 

‘‘ The position of this organ, then, its manner of contracting, and tho buccal 
cavity of encysted Vorticella becoming filled with fluid the moment it disap- 
pears (where wo know it to be attached to the buccal cavity, and not to tho 
pellicula), are almost conclusive of its excrotoiy office.^’ 

Adopting Spallanzani’s observation (which, however, wants confirmation to 
establish it as the rule) that the fusiform sinuses of Paramecium Aurelia be- 
come empty as the vesicle fills, and do not reappear until some time after it 
has contracted, he infers ‘‘ that the fluid with which the vesicula is distended 
comes through Iho sinuses, but is not returned by them to the body of the 
ParameciumP 

** jS’ow in some cases,” he continues, ‘‘ faint hyaline or transparent lines 
may be seen to extend outwards from each of these sinuses, which lines, 
Eckhard has stated, ‘ traverse the body in a stellate manner.’ Hence, when 
we add Eckhard’s evidemcc (which Lhave been able to confirm in a way that 
will be presently described) to the obseiwation of Spallanzani, and connect 
this with the facts already adduced in favour of the excretory office of the 
vesicula, it does not seem unreasonable to conclude that the whole together 
forms an excretory vascular system, in which the vesicula is the chief recep- 
tacle and organ of expulsion. 

“ While watching Paramecium Aurelia^ I on several occasions not only ob- 
served that the vesiculss were respectively smrrounded by from seven to 
twelve pyriform sinuses of different sizes, and that lines extended outwards 
from them in the manner described by Eckhard, but I further observed that 
these lines were composed of a series of pyriform or fusiform sinuses, which 
diminished in size outwards ; and frequently 1 could trace as many as three 
in succession, including the one next the vesicula. Hence 1 am inclined to 
infer that this vascular system throughout is more or less composed of chains 
of such sinuses, and that all have more or less contractile power like that of 
the vesicula. Just preceding death, when Parnmeeinm Aurelia is compressed. 
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and under other favourable circumstances, these sinuses run into continuous 
hyaline lines, and may not only be seen extending in a radiated vascular 
form across tho animalcule, but even branching out round the position of the 
vesicula, which, having now become permanently contracted, has thus poured 
back the contents which render them visible. They enter the lower or inner 
part of the organ, and at this point, therefore, are pushed inward as the vesi- 
cula becomes distended. Under tho same circumstances, also, when the vesi- 
cula is slowly dilating and contracting, it may be seen to be attached to a 
small papilla on the surface, about twice the diameter of those which sur- 
mount the trichocysts, and through which it probably empties itself (XXVIII. 
25). In Otostoma there appears to be a similar arrangement of vesicles round 
each vesicula ; and hero also they seemed to me to be branched — at least 
such was my impression after having watched this animalcule for a long time 
in order to determine the point.” 

‘‘ Of the use of the vesicula and its vascular system,” Mr. Carter concludes, 
“ we are at present ignorant, further thtm that its functions are excretory ; 
and when we observe the quantity of water that is taken into the sarcode 
with the food, and try to account for its disappearance, it docs not seem 
improbable that the vesicula and its vessels should be chiefly concerned in 
this oflice. Another service, however, which it performs, is to burst the 
spherical membranes of Vorticeilne and PlcRsconice when they want to return 
to active life after having become encysted : this it effects by repeated dis- 
tension, until the lacerated cyst gives way sufficiently for the animalcule to 
slip out.” 

<< Should it have any other uses, they arc probably similar to those of tho 
* water-vascular system ’ of ItotiferaP 

In answer to the question, if all vacuolar spaces, excepting those produced 
by the deglutition of food, belong to this excretory system of contractile si- 
nuses, he replies — Certainly, where there is a plurality of actively-con- 
tracting vesicles without the appearance of the vesicula, as in Chilodon Cuml- 
luluSf we may, as before stated, attribute this to a kind of over-irritability or 
constrictive spasm of the vesicula, and therefore consider that these vesicles 
are accidental dilatations of the sinuses in connexion >vith it, as we may set 
down the dropsical state of HimarUophorus Charon (Ehr.), and other animal- 
cules of the kind, to an opposite condition of this organ, viz. that in which it 
is unable to relieve itself of its contents ; this I have often seen occur under 
my own eyes.” 

Many thanks are due to Mr. Carter for his painstaking investigation on 
this subject. We arc nevertheless very -doubtful of several of his details of 
structure. For example, he describes globular sinuses to appear around tho 
vesicle when an animalcule is exhausted, and those of Paramecium to run 
into radiating hyaline (moniliform) lines just before death and under a 
certain amount of compression. Now, such conditions are ill-adapted to 
accurate research ; and knowing how readily the integrity of the soft filmy 
substance of the Protozoa is disturbed, and diffluence induced, by unfavourable 
external circumstances, the observation in question must be received '' mm 
grano salisP Moreover, looking to most of his figures (which, we regret, 
are rather diagrams than exact delineations after nature), the impression 
forces itself upon the mind, that he has many times mistaken the commence- 
ment of difiiuenco, and, in some instances, vacuolation resulting from the 
entrance of water into the tissues, for tho manifestation of sinuses about 
the contractile vericle or scattered over tho body in connexion with it. 
Thus we should rather attribute the several vesicles this naturalist saw in 
different numbers, and variously and irregularly dispersed, in different spe- 
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cimcns of ChUodon Cuculltdiis, to one or other or to both of the conditions wo 
have mentioned, than to the purely hyj)othotictil notion of the presence of a 
state of “ over-irritability in a presumed vascidar network. It is hero 
worth calling to mind Stem’s belief that gentle pressure may give rise to a 
steUato or branched appearance of the vesicle, and that the coiitlicting fic- 
coimts between Ehrcnberg and Fockc arc rcconcileable on the supposition 
of tliis occurrence (Stein, p. 240). 

With reference to the hypothesis that the vascailar apparatus is only ex- 
cretory in function, we may remark that the oxei’ciso of such an office is no 
bar to that of a respimtory function, since the latter is in itself in part an 
excretory process, and among the lower Inveitebrata many examides might 
be cited where one and the same mechanism is ccpially respiratory and ex- 
cretory in puqiose. 

We may add that Mr. Samuelson (J. M. S. 1857, p. 105) agi’oes with 
Lachmann in attributing to the contractile vesicle a cardiac nature, and suji- 
plies the following particulars : — ‘‘ In l*aramechim cmulatiim a species of 
Ainpliileptm, a freed VorticeUa, &c., I have frecpiently and clearly ti’accd 
the canals that empty themselves into the contractile vesicle. In tlu^ second- 
named species these canals were very perceptible ; they proceeded along the 
edge of the body where the cilia were the most active (also probably because 
there the current of fresh water would he constantly renewed), and, at the 
embouchure into the central vesicle, swelled into a bulb-shape. In the Vor~ 
ticella, the contractile vesicle had a canul which either communicated with the 
extemud surface through the oral apertnrCy or passed round the oral wreath. 
I was inclined to believe the latter to bo the ease (perhaps my bias may have 
influenced the observation). 

‘‘ In certain Infusoria there appears to be a more active vital power than 

in others. Thus in Glaucoma (especially such as are j)rol)ably Jaiwal 

forms), the contractile vesicle appeara to have the power only to form a roM' 
of auxiliary vesicles around it, whilst in Amphileptm (which ai)proaches the 
Planarians in its character), the Hctifcra or bristic-bearers, and other types 
it is more powerful, and the fluid is ejected with sufficient force to work its 
way into the body, and form canals or arteries, however primitive they may 
be. The progressive ritality I have often noticed in the same form at dif- 
ferent stages of its growth.” 

On a survey of the facts and opinions now passed in review, it seems to us 
that the contractile vesicle is a closed sac representing a central circulatory 
organ or heart in its most rudimentary condition ; that this cardiac sac pro- 
pels its contents through a more or less complex system of channels, probably 
Availed, extended through the cortical lamina of the body that the contents 
represent a chyle or blood, formed by the process of digestion, and absorbcxl 
by the vessels ; that this chyle is exposed in the cardiac pulsating vesicle 
esi)ecially, and in the ramified channels loss, to the indirect action of the Avater 
incessantly introduced within the body, or constantly surrounding it exter- 
nally, and thereby becomes aerated, and consequently in all probability fur- 
ther elaborated ; lastly, that the perfected chyle is circulated tlu*ough its 
channels, and brought by them into the immediate vicinity of the tissue in 
Avhich the most active vital changes aro going on, and Avhich, on account of 
its higher differentiation, especially when in the form of cilia, integument, 
&c., demands the grt;atest supply of nutritive matters to repair its waste and 
to proAude for the processes of groAvth and development perpetually proceed- 
ing in it or in its appended organs. 

Since the foregomg review of the structure and functions of the contractile 
vesicle wan Avritten, licberkiihn’s A^aluablo contribution, founded on original 
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re.sc‘nrc}ies chiefly concerning Bursaria and Ophryoglena, have come into our 
hands (A. N, IL 185(J, xviii. p. 323). Since the introduction of it piecemeal 
in our history of the organ would both have sacrificed its merits as an original 
essay and have disturbed the continuity of our own account, we have deter- 
mined to reproduce it here as a supplement. 

After describing the existence of two vesicles in Ophryoglena and Bursaria, 
one near the mouth, the other situated posteriorly, ho goes on to say that if 
we examine a Bursaria fiava containing only the smallest forms of the 
strongly refractive granules, “ with a power of 300 diametei's, we perceive 
near the surface a <iuantity of light streaks, which run together towards the 
contractile vesicki from the anterior and posterior parts of the body, in more 
or less considerable (;ui*ves. in each streak wo detect an extremely delicate 
but perfectly distinct canal, terminating ultimately in the contractile vesicle ; 
its walls and its contents are readily distinguished by their different refrac- 
tive power. When one of these canals is traced backwards from its orifice, 
we may often perceive, after it has mn a short distance, a ramification : this 
may frequently be traced to one of the extremities of the body, and some- 
times it gives off another brancdi ; ultimately the canals become so excessively 
fine that they are invisible. Their opening into the vesicle and their course? 
in running from it are seen verj^ distinctly when the contractile vesicle is 
turned directly upwards ; we may then recognize how the canals run between 
the contractile reservoirs, which lie very close to the surface of the body, and 
between the surfaces of the body inside the cortical substance ; and the ori- 
fices may likewise be seen. Another remarkable position is when the nucleus 
is turned next the observer at the surface of the body ; the canals are theii 
seen remaj-kably clearly on its bright.backgi'ound. A few canals always run 
over directly, with a slight curvatui*e, towards the posterior part of the mouth. 
When the animalcule lies so that the contractile vesicle appears at the 
margin of the body, there is sometimes an appearance as if one or more of 
the canals opened externally at this point ; but close examination shows that 
thcjy curve round and run towards other parts of the body. 

“ The number of vessels opening into the contractile vesicle in Bursaria 
Jlava is about thirty ; this number, or a few more or less, existed in all the 
si)ccimens which I examined in reference to this point. They are apparently 
uniformly distributed over the whole surface. 

“ The specimens of Bursaria jlava with two contractile vesicles have the 
system of canals doul)le, each system grouped independently around its re- 
servoir. The canals of the posterior reservoir stretch into the district of the 
anterior ; but I have never been able to detect any communication between 
the two. In the jOphryogleiias from the Spree very little could be detected 
of the canals, even when the interior of the body contained only slightly re- 
fractive substances. When a suitable specimen is somewhat compressed be- 
tween the glasses, so that it cannot move about, the vessels are especially 
scicn when they have the nucleus for a background, and when they end in 
the contractile vesicle. 

“ I haye never been able to trace any vessels into the interior of the body 
— for instance, towards the nucleus. I am also ignorant at i)resent whether 
that part of the contractile vesicle which is turned toward the centre of the 
body of the animalcule receives any vessels. 

“ Both Bursaria Jlava and Ophryoglena Jlavicam belong to those Infusoria 
in which the contractile reservoirs may assume the weU-knowJi steUate form. 
Von Siebold describes this phenomenon in Paramecium in the following 
words : — ‘ These pulsating spaces have a very striking shape ; they consist of 
two contrnl round cavities, around which stand from five to seven smaller 
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pear-shaped reservoirs, \\ith points direetod outwards in the shape of a 
star. In the pulsation of these strange star-shaped rescrvoii-s sometimes 
tlie stars disappear entirely, sometimes only the central round spaces, and 
sometimes only the rays.’ The opacpic Bursnrur exhibit this phenomenon 
just in the same way as it is described by Von Siebold ; and those speci- 
mens in which the vascular system can be detected, offer the explanation 
of it. The small pear-shaped spaces are really the commencements of the 
vessels, which expand with the accumulated fluid ; and the rays are th(^ 
furihcir prolongations of the same, which may be traced to the ends of the 
body. 

‘‘At the moment when the contractile vesicle has attained the greatest ex- 
])ansion (that is, when the diastole is terminated), it aii])ear8 in the form of a 
globe filled with colourless fiuid, from which the vessels nin out on all sides 
in the cortical substance as canals, a])parcntly of equal diameter ; they have 
at this time the smallest diameter they can assume at their embouchurci into 
the reservoir. In opaque specimens, this is the moment when the opened 
contractile vesicle is observed. A little before wo observe the commencimient 
of the systole, the vessels begin to cx^iand slowly, at points distant about one 
diameter of the contractile vesicle from the surface of the latter, to many times 
their original size. The more the systole progresses, the widoi* and longer 
})ecome tlie swollen places, and they approach gradually to the contractile 
vesicle. If wo maho an observation at the moment when the diameter of the 
contractile vesicle is diminished to about one-fourth of its original size, the 
shape of the apparatus agi'oes in all essential points with the well-known 
, stellate figure represented by Dujardin in Farameclmn Aurelia, with the 
single exception that the emboucliiu’cs of the rays are distinctly visibk?, and 
their peripheral i^rolongations run out widely in the form of canals over the 
entire {inimalciile. Opaque s])ccimcn8 of the Bursaria display the phenonu*- 
non only in such a degree that the rays terminate in delicate attonuiitod 
l)oints, at a distance of about one diameter of the reservoir from the latter. 
When the contractile vesicle has closed completely, the fusifoimly-expanded 
vesseds only are seen, as they run together with their apices to one point. 
Tliis completes the systole. The diastole then recommences. If we examine 
thfj animal at the moment when the reservoir has Jigain attained half its 
greatest diameter, wo find a totally different appearance from that at the cor- 
responding epoch of the systole. •The vessels are not expanded now in the 
form of a spindle, but of a funnel, with the base of the funnel in the contrac- 
tile vesicle, and the point prolonged out into the vessel. This is the form 
which Ehi’cnberg has figured in Faramechim Aurelia, only omitting the fur- 
ther prolongations of the vessels. Von Siebold rejects Ehrenberg’s figurf; 
and recognizes Dujardin’s ; but both arc really correct, only representing 
different instants ; Dujardin gives a stage of the systole, Ehrenberg of the 
diastole. 

“ The more the contractile vesicle now expands, the more is the dei)th of 
the funnel decreased, and its diameter proportionately increased ; or, in other 
words, the vessel expands only at its embouchure, and the depth of the ex- 
panded part decreases in proportion with the advance of the diastole. In 
opaque Burmrim we see at this time only the contractile vesicle produced out 
in various directions into short funnel-shaped processes. By degrees those 
processes entirely disappear, — ^thc contractile vesicle having expanded to its 
original volume. We now see again how, from the fully-expanded contrac- 
tile vesicle, the A^hole of the vessels run out in the cortical layer, in all di- 
rections, as slender streaks ; in opaque specimens only the contractile reser- 
voir is ^^sible. 

Y 2 
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“ The processes above described arc those usually observed when a suitable 
speciuKiTi is placed so that it cannot move, or only move very little, upon the 
slider. If, however, a Bursaria is compressed somewhat more with the co- 
vering-glass, or if the water on the slider is almost all evaporated, some other 
peculiar phenomena present themselves, not only in the contractile vesicle, 
but in the vessels. The last diastole coming perfectly to rest, and nothing 
unusual being observed, except that the reservoir is more elongated, with the 
systole appear suddenly two contractile vcsiclfis instead of one ; that is, a 
portion of the surrounding substance mfikes its way across the middle of the 
contractile vesicle while it is contracting, and thus divides it into two parts. 
Each of these two new reservoirs has its own systole and diastole. In most 
cases their contractions do not occur at the same moment. Each is in con- 
nexion with those vessels Avhich opened into it before the separation. The 
vessels exhibit the same play as if there were but one uninjured contractile 
vesicle. Sometimes the two reservoirs reunite into a single one. I saw this 
hapi)on during a diastole which occurred exactly simultaneously in both : they 
advanced near together, projected out points toward each each other, which 
came in contact and formed a dumb-beU-shaped reservoir ; and this was ra- 
pidly converted into a globular vesicle, which contracted and expanded as at 
the origin. 

“ Von Sicbold has already observed in Phlalma vermicularls, Bursaria 
cordiformis, etc., ^ that in strong contractions of the whole body, a largish 
round pidsating space was drawn out longitudinally, constricted in the mid- 
dle, and at length was separated into two smaller round sj)aces — exactly as 
occurs when a drop of oil is separated into two portions.^ During the above- 
described alterations in the contractile vesicles, alterations ordinarily take 
place in the vessels also. Thus expansions appear in thcmi at points lying 
veiy distant from the contractile reservoirs. These enlargements arc not, 
however, subject to rhythmical disappearance and rcappcai*ancc, but are i)cr- 
manent ; they arc filled with the same colourless fluid as the contractile vesi- 
cles, and arc mostly globular or ellipsoidal. If such enlargements of the vessels 
are seen in specimens which, from unfavourable optical conditions, do not 
display the vessels themselves, they may be taken for vacuoles (in Dujardin’s 
sense). Their connexion with the vessels, and their mode of origin, which 
is readily accessible to observation, prove that they arc totally distinct from 
the vacuoles in the interior of the body, part of which contain nutrient sub- 
stance, while part do not. 

“ I have not succeeded in any case in isolating a membrane of the contrac- 
tile reservoir or of the vessels. I find no trace of cilia in the interior of the 
vascular system. This alone suffices to distinguish essentially those Infusoria 
furnished with vessels from the D/s^oma-embryo in which G. R. Wagenor has 
discovered ciliated vessels. 

“ Different hypotheses have been put forth in explanation of the function 
of the contractile vesicles. There is a detailed account of those in Claparede’s 
paper on Acthioplirys, Clapari^dc rightly explains the contractile vesicles as 
organs of i;ho circulation. As to the direction in which the fluid flows in the 
vessels, nothing can bo directly observed in most cases, since we cannot per- 
ceive in the fluid any solid cori)uscles at all similar to the blood-corpuscles of 
other animals. Is it a perfect circulation ? or docs the fluid flow back again 
in the same vessel in which it has been propelled forward by the contractile 
vesicle ? or are the contents of the contractile vesicles constantly expelled 
externally ? The last view has been set up by Oscar Schmidt. He states 
that he has seen the place of exit in the genera Bursaria and Paramedum, 
Claparcdc is opposed to this, since, in the most minute examination, ho was 
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unable to discover that the contents of the contractile vesicle were expelled 
extcrnall}^ in the systole. Actinojphrijs is better suited to the settleiuent 
of this question than a ciliated Infusorium. 1 have many times sought for 
currents in the fluid surrounding Acthwfthrys Sol and A. Eichhoniii, whvn the 
fluid contained masses of fine globules immediately in front of the iirojeetion 
of the contractile reservoir; but I have never seen, any moi-e than Claparede, 
any corresponding displacement when the vesicle (jontracted. In Bursaria 
Irucas, B. VorticeUa^ Paramecium Atirelia, and P, ChrysaliSy I obtained the 
following results : — The contraction takes iilaco exactly in the manner de- 
scribed by Schmidt ; the vesicle contracts from the interior of the animalcule 
towards a iioint lying near this surface, and it expands on the entrance of the 
fluid in such a manner that it increases in diameter gradually from tlu^ surface 
of the animacule inwards toward the centre. Ihit does this teach us what 
Schmidt concludes from it, that the reservoir expels its contents outwardly 
ever}'' time when it contracts toward the outside, and becomes filled from without 
when it exiiands toward the interior ? If the contractile reservoir is attached 
by that part turned toward the surface of the animalcule to the internal surface 
of the cortical substance, while the poi-tion projecting into the interior of the 
body is free in the soft mcdullaiy mass, will not the contraction take place 
from wdthin outwardly, and the exjiansion from without inward, whether the 
fluid lloAv inwards or outwards? In Actinojolirys, sometimes in Arcella vid- 
yariH, and in Urostyla yramlis, a totally ditterent import must be attributed 
to the contractile rosciweir, if Schmidt’s criterion bo valid ; for hero the re- 
servoir does not contract toward the surface, but toward the interior of tlic 
body, and forms an elevation on the surface when it becomes fiUed, as de- 
scribed minutely in Acthioiihrys by both Von Siebold and Claparede. 13ut 
it is not on this alone that Schmidt rests his opinion : he asserts that he has 
observed also an actual external orifice of the contractile vesicle. I must 
admit that Bursaria Voriicella has a distinct orifice at the hinder part of the 
body, and this exactly at the place to which the contractile vesicle contracts 
until it vanishes. But regarding this orifice whicli 1 saw, only so much is 
established — that it is the anal orifice which Khrenherg lias already described. 

I have seen the emergence of remains of devoured substances, of loricu) of 
Bacillarhi, of fine undeterminable granules, &c., from this very hole, so Irc- 
quently, that there can be no doubt on this point ; and it is even not rare for 
a corjuiscle to slip out from the anal orifice during the diastole, — that is to 
say, at the very time when, according to Schmidi, the fluid should flow in 
from the outside. I found the Bursaria just named during spring and sum- 
mer in standing water near Tcrapelhof ; it agrees in the main with Ehren- 
borg’s Bursaria Vorticella, The buccal orifice is situated as in Bursaria 
Irumatella, in which, however, I did not observe any contractile V(\sicle at 
the posterior end of the body. The specimens of B. Iruncatella I observed 
were all about ^ of a line or more long, those of B, Vortkella at most 
of a line. The latter is in any case not a Leiwophrys; therefore, in case 
Ehrenbcrg considers his Bursaria Vorticella a Lemoplirys, it is a different 
animalcule from the latter. I was cijually unable to satisfy myself of the 
correctness of Schmidt’s view in the Paramecia, When a specimen of Para- 
mecium Aurelia lies so that the contractile vesicle, cither the anterior or pos- 
terior, is seen at the margin, it appears, under certain circumstances, as though 
a short canal ran directly out through the integument of the animalcule ; 
but in reality it only runs into the integument, and turns round toward the 
side of the body directed away from the eye : I found the same in Parame- 
cium Chrysalis also : it was always one of the rays of the contractile vesicle 
which presented to Schmidt the appearance of an external orifice. The same 
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is the case in Bursaria flatty where I could always truce the curvature of tlie 
vessel toward the opposite side of the body most distinctly. F. Stein strongly 
qucjstions the external opening of the contractile vesicle in the Vorticelltv, 
Hence it is clear that the explanation of the contractile vesicles as part of a 
water-vascular system is unproven. 

Is it, however, established, on the other hand, that the contractile res(ir- 
voirs pour back their contents again into the parenchyma whence they re- 
ceive it, as Von Siebold says ? And if this is the case, how docs it happen ? 
Everything indicates most strongly that the contractile vesicles are filled out 
of the vessels during the diastole. We sec how, during this process, the 
swollen part of the vessels near their embouchure gradually or suddenly r(j- 
tums to its smallest diameter as the stellate figure vanishes ; and 1 liavc 
observed a part of a vessel infiated with the fluid, originating at the extreme 
end of the animalcule, traverse the wliole distance up to the contractile vesi- 
cle during a single diastole. This phenomenon may be supposed to show that 
the absorbed fluid which had inflated the vessel into a globule, flowed during 
the said period into the contractile reservoir. 

“ Eut if there is a fair presumption that the contractile vesicles arc^ fill(Ml 
out of the vessels, the above observations teacli us nothing whatever on th(? 
question as to where the fluid flows duiing the systole. 

“ I have hilherto only become acquainted A\T.th one fact relating to this point. 
In Bursaria Vorticella we may detect the following flxet : as soon as the con- 
tractile vesicle which lies at the posterior end of the body has contracted, we 
may observe at the margins of the animalcule, in its usual i)08ition of swim- 
ming, that t\x’o long nan’ow cavities originate, filled with transparent colour- 
less fluid ; and these stretch from opposite the moutli as far as the region of 
the contractile vesicle. They both gradually enlarge, and thus approach near 
to the antil point ; hero they meet, lose their often very irregular form, and 
change into the globular : the remaining contents of tho body are displaced 
upwards by this; and then these globular reservoirs contract until they 
vanish, without it being perceptible where the fluid has been didvcm to ; after 
some time tho narrow light streaks reappear, and the process is re2)cated 
in tlie way above described. The afTerent canals, therefore, are not filled 
at the commencement of the systole ; but must this not be so much tho 
more exjieeted if tho fluid flowed back in the same path as it came in, the 
vanishing of the contractile vesicle taking place much more raxndly than 
its 2) reduction ? 

“ I liavc never yet found in any Infusorium sxiecial canals in wliich tlu? 
fluid is seen to flow back into the body during the systole, and which would 
give the means of .a 2)erfect circulation.” 

Nucleus. Nucleolus. — A most ira2)ortant internal organ remains for 
doscri2ition, viz. the niidcm. This name, if not accurate, is convenient to de- 
signate tho structure in question : it took its rise in the hy 2 )othcsis of the 
unicellular nature of the Ciliata, and has ever since rc 2 )laccd the name 
“ testis,” or male S2)ermatic gland, assigned it by Ehreiiberg on the sup- 
position of its being tho male re2>roductivo organ in these presumed herma- 
phrodite beings. Indeed, when viewed as the centre of reproductive activity, 
or, in Prof. Owen’s phraseology, tho seat of the ‘ spermatic force,’ the B(;rlin 
naturalist’s name for it docs not appear so ina2)propriato ; nevertheless no real 
homology can bo said to exist between the testis of higher animals and this 
body, which, on the contrary, has sevend points of analogy, at least, with the 
nucleus of plant-coils ; nor can a hermaphrodite nature be rightly ascribed to 
the Ciliata. 

'fho nucleus is present in all the Ciliata, and is mostly veiy readily seen, 
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unless the body is much occupied by food and opaijue particles of any kind. 
If not at once apparent, it is demonstrable by the disruption of the body l)y 
pressure ; by the process of diffluenee, which disperses the surroundinp; tissues ; 
or by the addition of acetic acid, which dissolves the rest of the animal, 
lca\dng the nucleus more or less completely isolated. 

It occui*s as a well-defined, fiiiely-granular, more or less opaque body, 
having a more solid look than the surrounding parts, and frequently also 
a tawny or slight ycUow blush (XXIX. 2S c, 30 r, 48 r; XXX. 1, 11 </, 
12 b, 27/). It varies both in position and shaj)e in dilfenuit sj)ecie8, and 
either presents one or more internal spots or small l)odies of a circular outliiu* 
wliich represent the nucleolus or nucleoli, or this organ may apjicar as (i 
distinct appendage to it (XXVIII. 0-15; XXIX. 28). The nuclous is im- 
bedded in or closely united with the cortical lamina ; and althougli i t may be 
thnist aside by the impetus of passing particles of food, it retains its liold. 
Under the usual point of view of an animalcule, its position ^^dll look more 
cen trill than it really is ; for it is cither in advance or in rear of the rciil 
centre, or to one side or other of it, and often lies across the alimentary tube 
when elongated or band-like, lliit Avhat is curious about this organ is, tlnit 
it is not at all firml}^ fixed in its position, but is ]mshcd forward or l)iickwar(l 
to one side and to the other by the movements of the animal, piirticularly by 
those of the retractile ciliaiy wreath, and also by the ingestion of food. This 
may be witnessed in Opercularia and Epistylis. Lastly, even in examples of 
the same species its position is not constant. 

The usual figure of the nude ns is circidaror oblong, but it may bo clavate or 
reniform, or sinuous and band-like. The fii’st typo of outline prevails in 7'«m- 
meviiim (XXIX. 28), Colpoda (XXIX. 37), Nassula (XXN'lll. 1), Chilodon 
(XXIX. 48), Spirochona (XXX. 17), and Styloni/chia (XXV' I II. 10 r/). A 
reniform or kidney-shaped one is seen in Eplsiylis plicatlUs, in Opereidana 
nrfimlata (XXX. 1), and in 0, berbi rina; a horse-shoe figure in Vortkrlla and 
ZoQiliamm\im\ whilst in Epistylis bramhiophUayin Ophrydlum (XXX. 5,(5), 
Carchesiaui, Trichodhui (XXIX. 1(5, 17), Lageiiophnfs (XXX. 20, 30), &c. 
it is still more elongated and band-like and much curved, or actually sinuous. 
Colin represents it as having a thick clavate figure in Nassula eleyaus. The 
figure, moreover, is very much modified during the reproductive processes, 
and in the metamorphoses wliich befall some at least of the Ciliated l*rotozoa ; 
these modifications, however, we shall not here consider, but reserve them to 
the details on development. Again, even among examples of the same speiues, 
slight variations occur in length and width, and in curvature or sinuosity, 
where no reproductive act is discemibly in progrciss. Lastly, not a few of 
the nuclei, which are at first sight simply oblong, are, on gloser examination, 
seen to have a depression or sulcus on one* side, and conscipiently to be, strictly 
speaking, bean- or kidney-shaped. This is exemphfied in tlie nuclei of Pam- 
meciuni, certain Nassulce, and in Prorodon. 

Where the nucleus is elongated, it is a common ’event to sec it bent par- 
tially round the pharynx or the oesophagus, at some little distance from it. 

The nucleus being the last of the soft contents to break up after, death, 
is presumably of a more solid texture. Its tissue may be describ(,>d as 
normally homogeneous ; but various changes are ever occurring in it, render- 
ing it at one time more transparent, at another more granular and opaque. 
It must owe a certain degree of resistance to external injuries to the fact 
that it is enclosed by a tough elastic membrane or sac, which sometimes is 
separated from it by a clear interspace or areola, but at other times is closely 
adherent, and only demonstrable by artificial means, sucli as the application 
of chemical reagents, or of a solution of iiotash, or of acetic acid: this 
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happens in Vayinicola. When loose^ this membrane not unfrequcntly falls 
into plaits or folds. It is represented in Cohn’s figure of the nucleus of 
Nassula elegam as a very distinct and stout tunic. 

The rule is, that the nucleus is single, and it has been assumed as a fact 
that the appearance of a double nucleus or of two nuclei is a general indica- 
tion of the approaching or progressive act of fission. However, Stein in a 
recent figui*e of SlylonycMa mytilm (XVIII.. 10), delineated in Carus’s leones 
ZootomiccBy represents two ovoid nuclei as present without the accompanying 
process of self- division. In Ghilodon Cvjcullulm, he also represents the 
nucleus (XXX. 48 e) to be composed of a moderately thick external or cor- 
tical poition surrounding a clear cavity, in the centre of which the opaque 
solid nucleolus is placed. The cortical lamina, he affirms, consists of the usual 
homogeneous granular substance which makes up the mass of most nuclei, 
but rather firmer; and its internal free surface towards the cavity is, he 
says, undulated or dentated. The interspace between the nuclear lamina 
and the nucleolus is not always clear, but occasionally occupied by a cloudy, 
fincly-granular matter, — whence the nucleus acquires rather the characiters of 
a homogeneous tissue, having a central, well-defined nucleolus. Although 
the last-named structure is probably never absent, it has nevertheless escaped 
Stein’s notice in very young specimens. The nucleus of Sjpirochona in young 
specimens is either solid and homogeneous, or transversely divided into two 
by a crescentic space (XXX. 28/) ; the nucleolus occupies the middle of the 
nuclear cavity, and has around it a finely-dotted areola (XXX. 17). 

In the case of Faramecium both Cohn and Stein describe the nucleolus to 
bo included in a dcpj'cssion or hilum on one side the nucleus. Like the 
nucleus it is foraicd of a membranous coat and homogeneous contents (XXIX. 
28 d) ; the connexion between the two appears to bo only by the adhesion of 
their membranes, an adhesion readily broken through by pressure or by tho 
action of acetic acid. Further, in the long band-like nuclei, the nucleoli 
seem to be multiplied in number. 

On the subject of its chemical nature, Stein concludes from the reaction of 
tincture of iodine, and of acetic acid with a solution of sugar, that tho nucleus 
is a protcine compound, like the other contents, except the fat-corpuscles. 

Although its office in secreting a spermatic fiuid may be justly called in 
question (direct observation being contrary to it), yet this so-called testis, or, 
perhaps more correctly, this nucleus, certainly plays a most im2)ortaiit part 
in the well-observed mode of propagation by spontaneous fission ; for whenever 
fission, whether longitudinal or transverse, is about to occur in an animalcule^ 
the first change observed is a progressive constriction of the nucleus, suc- 
ceeded by that of the body generally. This constriction goes on till division 
is complete, each segment of the body being consequently provided with a 
nucleus. The division of the nucleus, as an essential element in the process 
of spontaneous fission, may bo well observed in the transverse division of 
Paramecium, Bursaria, ovChilodon. 

Professor Owen, in his learned and able Essay on Parthenogenesis, refers 
to the initiative, assumed by the nuchms of Infusoria, in their reproduction 
by spontaneous fission, between which and tho essential contact of the sper- 
matozoon with tho germ-(;ell, as a preliminary to tho primary process of 
self-division of the latter, in the course of the development of more perfect 
animals, he indicates an analog}’ ; and, after having comidcted the comparison 
of the results in the two cases, goes on to say, — “ This is corfain, that the 
analogy between these phenomena in the multiplication of the parts of the 
germ-mass, and those of tlie nucleus in the multiplication of monads, is so 
close, that one cannot reasonably sup^mso that the nature and properties 
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of the nucleus of the impregnated germ-cell, and that of the monad can he 
different. 

“ Therefore, I infer, that the nucleus of the Polygastric animalcules is the 
seat of the spermatic force ; it can only he called testis, figurativelj", it is the 
essence of the testis. It is the force which governs the act of propagation hy 
spontaneous fission : and, if Ehrenberg be correct, in viewing the interstitial 
corpuscles as germ-cells (to which opinion Professor Owen inclines), these 
essential parts of ova may receive the essential matter of the sperm from the 
nucleus, which is discharged along with them in the breaking up of the 
monad, which Ehrenberg regards as equivalent to an act of oviposition ; and 
impregnated germ-cells may thus be prepared to diffuse through space, and 
carry the species of Polygastric animalcules to a distance from the scene of 
life of the parent ” (p. 07, Ed. 1849.) 

Lieberkiihn (A, N. II, xviii. 1856, j). 321) makes the nucleolus of import- 
ance in founding specific characters. He says, that, excejiting tlje eye-point, 
the nucleolus is properly the only part which distinguishes Opli'njOijUna 
Jlavwans from Bursar ki Jlava . — “This body,” he proceeds to say, “is shaped 
like a grain of barley, and is marked at each end .with a few sharply- defined 
streaks or furrows ; its length is somewhat more than of a millimetre, 
its thickness in the middle about millimetre. Its substance has a 

stronger refractive power than that of the rest of the body, but far less than 
the fat-like globules. Under the highest magnifying power, no stnicture 
could be distinguished, and it withstands for a considerable time the action 
of water. The nucleolus is situated on the middle of tlic nucleus, which is 
about one-fifth of the entire length of the animalcule, and its breadth in the 
middle about one-third of its length. .. .It is of ovate form; its substmico 
displaj's no recognizable structure. 

“ The nucleolus has very different characters in all the specimens of Bur- 
saria jlava I have hitherto observed. Tt was always so small that it was 
difficult to find it, and never became visible until the Infusorium \N'as com- 
pressed, while in Ophryoylemi jlava it may usually be seen through the 
integuments. Its form is globular, and it presents no structure. It gene- 
rally adheres firmly to the surface of the ovate nucleus.” 

Tlie same lesson concerning the utility of the nucleus and nucleolus in 
distinguishing genera and species, might be gathered from the descriptions 
of Stein and others, whicli show clearly enough that these organs have a 
determinate figure and relation in several genera, as, for example, in Spiro- 
chona and Paramecium, 

The figure of the nucleus and the relation of the nucleolus to it, in Pro- 
rodon teres and in Nassula elegans, arc deserving attcnticip. In the former 
species the nucleus is represented as globular, with a nucleolus surmounting 
it (XXV’^III. 9) ; in the latter, the nucleus is stoutly clavate, and terminated 
by a small oblong nucleolus at its narrower extremity. These well-marked 
peculiarities in the two examples named, coupled with the views of Lieber- 
kiihn just cited, and the conclusions of Stein and Balbiani concerning the 
physiological relations of the two organs in question, wiU challenge for them 
much more attention than they have hitherto received. 

M. Balbiani has lately contributed to the French Academy two most im- 
portant papers, in which he has endeavoured to demonstrate a scxufd repro- 
duction of the Ciliata, the nucleus representing tlie female, and the nucleolus 
the male, element. In his first essay he illustrates his hypothesis by reference 
to Paramecium Bursaria (A, N, If. 1858, i. p. 435), and tlius writes: — 

“For several generations the Parameda multiply by si^ontancous scission, 
each of the two new individuals obtaining half the primitive nucleus. . . . 
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But under the influence of conditions of which we are still ignorant, the 
species propagates itself in a very different manner, and in the midst of phe- 
nomena far more complex than those which preside over the multiplication 
by lissiparity. In this new mode we shall sec the actual anatomical signifi- 
cation of the nucleus and nucleolus, the function of which, if wo except the 
division of the former of these two organs in the act of spontaneous division, 
has hitherto been pcifcctly passive. It is, in fact, at their expense that the 
male and female reproductive elements which characterize this mode of 
propagation are formed. 

When the period arrives at which the Parameda arc to propagate with 
concourse of the sexes, they are seen assemlding upon certain parts of the 
vessel, either towards the bottom, or on the walls, llie copulation is always 
preceded by certain- preliminaries which are veiy curious to observe, but upon 
Avhich wo cannot dwell here. 8oon they arc found coupled in pairs, adherent 
laterally and as it were locked together, with the similar extremities turned 
in the same direction, and the two mouths closely applied to each othcjr. In 
this state the two conjugated individuals continue moving with agOity in the 
liquid, and turning constantly round their axis. There is nothing, before the 
copulation, to announce the considerable changes which arci about to take 
place in the nucleus, and the nucleolus which accompanies it. It is during 
the copulation itself, of which the duration is prolonged for live or six days or 
more, that their transformation into sexual rei)roductive ai)paratus takes place. 

The nucleolus has undergone a considerable increase in size, and lias 
become converted into a sort of capsule of an oval form, of which the surface 
presents longitudinal and parallel lines or streaks. Nearly always, it soon 
divides in the direction of its greater axis, into two, or more frequently into 
four, parts, which continue increasing independently of each other, and in a 
very irregidar manner, and foiin so many secondary sa(;s or capsules. At a 
period which is still near that of division, these latter appear to bo composed 
of an extremely fine membrane, enveloping a bimdle of small, curved bad 11a, 
extending from one extremity of tho sac to the other, inflated towards the 
middle, narrowed towards the extremities. It is these which, when seen 
through the enveloping membrane, give the capsule the striated appearance 
which is characteristic of it, and which even exists in the nucleolus at almost 
all tho other periods of the life of the Infusorium. It also contains a perfectly 
colourless and homogeneous fluid. 

‘‘ At the same time the nmdeus has also changed its form and aspect ; it 
has become rounded and widened ; its substance has become softer and lost 
its refractive power, and towards its margins it presents notches, which, 
penetrating more i\ud more deeply into its mass, isolate one or more frag- 
ments, in which a sufficient magnifying power enables us to see a certain 
number of small transparent spheres with an obscure central point. In other 
cases the nucleus, whilst stiU almost entire, presents this aspect, and then 
a])pcars as if stuffed with these little rounded bodies, the analogy of which to 
ovides cannot be doubted in tho least. The evolution of the nucleus and 
nucleolus l^eing identical and i)rogi’cssing at the same rate in the two coupled 
individuals, it follows, if from this moment wo regard tho former as an ovary, 
and the second as a testicle or seminal capsule, not only that each of them 
possesses the attributes of both sexes, but that they fecundate each other, 
and servo at the same time as male and female. As regards this fecundation 
itself, everything seems to prove that it takes place by means of an exchange, 
made by tlie two coupled individuals, of one or more of their seminal capsules, 
which pass, through the apertures of tho mouths closely applied against each 
other, from the body of one l^aramedmn into that of the other ; for, very 
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often, althougli we may not be able to perceive this passage itself, we may 
at least detect the moment when one of the capsules already engaged in out? 
of the mouths, is on the point of clearing this aperture. Docs the exchange 
which causes fecundation take idace with all the capsides in a single copida- 
tion, or in so many successive copulations with different individuals ? iiiis 
is a question the solution of which is not easy, and which, to keep within the 
field of our observations, we shall not attempt to solve at present. 

However this may be, each capsule, after its transmission, still continues 
to increase in size in the body of the in^vidual which has received it ; for wi) 
have never found any Avhich had attained the limit of their development in 
individuals which were still coupled. They then fre(picntly attain a volume 
greater than that of the nucleus itself ; but there is never more than one that 
arrives at maturity at the same time. When, having arrived at this state, 
it is examined after being pressed out of the body of the animalcule to free 
it from the granulations wdiich mask it more or less while tlicre, it a^jpears 
under the form of a large ovoid body, the surface of 'which i)resenls a multi- 
tude of parallel strice directed longitudinally, and due to the arrangcmient in 
s(iries of the coipuscles contained in the interior. Compression, earned so far 
as to cause its ruijturc, distinctly shoAvs it to be formed by a membrane of 
extreme tenuity, and contents, enclosing an innumerable (piantity of small 
fusiform coipuscles, of which the extremities are (jompletely lost to sight in 
consec^uciice of their extreme fineness. As soon as they arci free, these little 
bodies show themselves to be animated by a vacillatory and translate ly move- 
ment, which soon causes tlujir dis])ersion in the circumambient fiuid. These 
urci the spermatozoids of Ihirsaria. Iodine, alcohol, and acetic acid instantly 
stop their movements ; they arc insoluble in the last-mentioned reagent wdien 
concentrated, althougli this dissolves all the other elements of the body, wdth 
the exception of the green granules. 

“ It is usually from the fifth to the sixth day following the copulation, that 
the first germs are seen to make their aiipearance, in the Ibrm of small rounded 
bodies, formed of a membrane 'which is rcaidered very evidemt by acetic acid, 
and greyish, pale, homogeneous, or almost imperceptibly granular contents, 
in which neither nucleus nor contractile vesicle is y(.*t to be distinguished. 
These organs do not appear until afterwards. The obseiwations of Stein 
and F. (’ohn have shown ho>v these embryos (put the body of the mother in 
the form of Acineim furnished with knobbc(l tentacles — true suckers, by 
means of wdiich tiny remain for some time still adherent to tlie mother, 
deriving their nourish nnnit from her substance ; but th(ar investigations did 
not reveal to them the ultimate fate of these young animalcules. I have 
been able to follow^ them for a considerable time after they (hitached th(;m- 
selves from the body of the mother, afid have convinced myself that, after 
losing their suckers, becoming surrounded with vibratile cilia, and (obtaining 
a mouth wliich first show^s itself in the form of a longitudinal furroAV, they 
definitely acquired the form of the mother, becoming penetrated in the same 
way by the green granulations characteristic of this Paramecium^ 'without 
undergoing any more im]iortant metamorphoses.’’ , 

At tin; time this first record of liis oliservations was read, M. llalbiani staked 
that he had colh*cted them from the investigation of six or seven species, Imt 
since that period ho has piu’suedhis observations in several other specic^s, and 
completed some old ones previously intenupted from want of niatcinals 
(A, N, H. 1858, ii. p. 439). In his latest paper, he enunciates th(^ remark- 
able statement that he has been led to regard, in a great number of cas(>H, 
wduit nearly all authors have considered to be a spontaneous division in a 
longitudinal direction, as a sexual union of two individuals. “ Very often, 
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in fact, I have been able to ascertain that this state coincided with cer- 
tain remarkable changes which took place in the internal organs of these 
animals.” 

The following is the general summary of the results M. Balbiani has 
ariivcd at : — ‘‘ I. The corimscle which, in the Infusoria, has been described 
under the name of nucleolus, and which I have shown to bo tlie male genital 
gland, has hitherto only been indicated in a few rare species. In connexion 
with this, I have examined a great number of individuals belonging to numer- 
ous and varied forms, and I have convinced myself that, far from constituting 
an exception, the presence of one or even several nucleoles was a nearly con- 
stant fact in the different tyjjes of this class ; but frequently the simple or 
midtiple niicleolc whicli they contain is so intimately confounded with the 
substance of the nucleus, that it only becomes aj)parent when it is separated 
therefrom accidentally .by the action of reagents, or spontaneously at certain 
determinate periods in the life of these creatures, principally at the time of 
their sexual propagation. I have counted fourteen species in which this 
organ was very evident to mo, and in which I have also been able to foUow 
its evolution, to a greater or less extent, at the breeding-season, at the same 
time that I was an eye-witness of the other actions which concur in assuring 
the reproduction of these animalcules by fecundated germs. 

‘‘ As regtirds the number and situation of the testicular organ of the Infu- 
soria, I have met with tlie following varieties. It is simple, rounded, and 
lodged in more or less deep dcqiressioiis of the nucleus in Panimecium Aurelia 
and P. caudatim, and also in a third species, nearly allied to P. Burmria, but 
smaller and destitute of green granules. The genus Bursaria {B, hums, 
Jlava, and vernalls) also presents a simjde nuclcole situated in the vicinity of the 
nucleus. The same thing occurs in CJiilodon OmuUtilus. But with regard to the 
latter, I must remark that I do not regard as the analogue of the nucleolo of the 
preceding species the corpuscle to which M. von Sicbold has given this name, 
and which is placed in the interior of the granular mass of the nucleus, in 
the centre of a broad transparent zone. The true nuclcole or testicle of 
Chilodon appears in the form of a small, rounded, brilliant grain, i)rovided 
wntli a proper membrane?, .and situated quite to one side and toAvai’ds the 
middle of the nucleus. It is very easily perceived in large specimens by 
employing the action of reagents. As regards the nucleus and its internal 
parts, I make no difficailty in regarding them as representing all the elements 
of an ovum, of which the nucleole of the celebrated German naturalist would 
be nothing but the germinal si)ot. ITic disap^ica ranee of the clear zone and 
of its central corpuscle in the animals wdiich have just copulated, especially 
appears to mo to militate in favour of this view. 

“II. I have met with a multiple thsticle in many species belonging to the 
groups of the Oxi/trichimv and of the Euplotcs or PleBsconice, including the 
highest types of this class. In the genus Oxytriclw. the two nuclei, which 
arc elongated in the direction of the greater axis of the body, are each accom- 
panied by a small, rounded, testicular body, very distinct from the correspond- 
ing nucleus There are also two, placed one to the right and the other to 
the left of the long nucleus, which is curved into the form of a horse-shoe, 
in Euplotes Charon and E. viridis. In the genera StyJonychia (S> Mytiltts, 
pustidata, and lameolata) and Urostyla (JJ, grandis) the nucleoles, to the 
number of four or five, are distributed in two groups in the vicinity of the 
nuclei, of which the anterior is accompanied by two, and the jiosterior also 
by two or sometimes throe, of these little organs. They arc remarkable from 
their distinctly-rounded outline, their great refractive pow^r, and their 
homogeneous structure. Tn Bpirosiomum nmhigumn, each of the grains of 
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tho long nioniliform cord which here replaces the oval nucleus of the other 
species, gives lodgment, in ii deep depression of its surface, to a small rounded 
coi-puscle, wliich corresponds with the nucleole of tho preceding species ; this 
brings tlie number of testicles in this animal to forty-live or fifty. I have 
only been able to perceive them in individuals which have been copulating 
for a certain time, and by employing dilute acetic acid. It is vciy probable 
that an analogous arrangement will be found in the other tjrpcs, in which the 
nucleus is formed of grains placed in a single row, like a necklace, such as 
Stentor, Koml^lostomum, Traclidim monUhjer, &c. 

‘‘ 111. The evolution of the male genital apparatus of the Infusoria, as just 
characterized, in the other species of the genus Paramecium does not differ 
from that presented to us by P. Bursaria, In the Oxytrlcliina each of these 
organs remains entire, becomes enlarged, and exhibits in its interior, applied 
against its wall, a thick granular body, furnished with a tubular appendage, 
which projects into the cavity of the capsule, and appears to be open at its 
free extremity. This tube, which seems to bo an excretory duct, often 
appeared to bo filled with capillary filaments of extreme fineness, arranged 
parallel to the axis of the duct in question, in which they were fixed by a 
portion of their length, whilst tho remainder, escaping by the orifice of the 
tube, radiated in all directions in the interior of the capsule. Subseipiently 
the granular body and its duct disappear, and tho filaments, becoming free, 
collect into a bundle, which fills the whole of the formative sac. Although 
I have never seen them execute any movements, I do not hesitate in consi- 
dering them as tho spciTnatic filaments of these animals. 

“IV. It is with equal certainty that wo may call the nucleus the female 
genital organ of the Infusoria, in opposition to the peifcctly hypothetical 
assertion of Ehrenbcrg, who regards it i\h the testicle. Its evolution likewise 
only commences at the time of reproduction, and often during the sexual 
union itself. In P. Aurelia and P, caudatum^ towards the end of tho copulation, 
its surface is traversed in all directions by numerous furrows, which, penetrat- 
ing deeper and deeper into its mass, finally divide it into a great number of 
unequal and irregularly-rounded frtigmcnta, having a clear centre more or 
loss surrounded by granules. I shoidd compare these with the first rudi- 
ment of a vitellus, and th(j transparent central portion to a more or 
less developed germinal vesicle. The fragments thus formed are soon dis- 
persed in the surrounding parenchyma. Here a very small number of th(mi, 
almost always four, never more and very rarely less, complete their evolution, 
and soon ac(|uire the appearance of complete and well-developed ova. In 
this state they present themselves in the form of small brilliant bodies, per- 
fectly equal in volume, slightly oval, and of a bluish-gro,y appearance. Wo 
may very clearly distinguish in them sf finely-granular vitellus, surrounded 
by its proper membreanc, which separates from it more or less after a few 
moments’ exposure to water. The germinal vesicle and spot are also visibhi 
with a distinctness truly surprising, considering that we have to do here with 
the smallest of living organisms. I have met with these ova still enclosed in 
the body of the animal on the seventh day after the copulatiop : they no 
longer exhibited either germinal vesicle or spot ; and their volume had slightly 
increased. In the allied species, P, Bursania, the reniform nucleus becomes 
unrolled before breaking up, and in this state resembles the ribbon-shaped 
nucleus of the Vorticellce. About twenty or twenty-five of the fragments 
produced from it continue their development and become so many perfect 
ova. In the nucleus of Chilodon CucuUulus, also, we observe, after the copu- 
lation, the disappearance of the transparent zone with its central obscure 
spot. In the genera Stylonychia and Urostyla the ova are four in number, 
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US in Paramecium, cmulatum, but they are produced by a different* mechanism. 
Each of tlio two nuclei divides into two halves, as in the act of spontaneous 
division ; and the four fragments thus produced form an equal number of 
perfect ova. Lastly, in Sjpirostomum amhigumn, we have seen, in individuals 
which have been copulating for some time, the forty or fifty grains of the 
long flexuous cord which traverses the body become rounded and detached 
from each other. But we have been unable to discover in these all the 
characters of an ovum with the same distinctness as in the preceding species, 
no doubt because they had not yet arrived at their complete development. 

V. I have not witnessed the deposition of the ova in these animals. It 
is very probable that they escaped by the anus, or by some neighbouring 
aperture. Thus, in the StylonycliicPy I have seen them collect in the posterior 
part of the body, which bears the anal orifice, and diminish gradually in num- 
iier from the first or second day after the copulation. It is a singular thing, 
that about tliis period a round jiale body begins to make its appearance in the 
centre of the animal ; this becomes constricted about the middle, and recon- 
stitutes the double nucleus of Styfonychia, 

“ VI. The Infusoria are destitute of copulatory organs. In most cases the 
copulation is effected by simple juxtaposition, the two mouths establishing 
the sexual communication (^Paramecium, Bursaria, Euplotes, Chilodon, Spiro- 
stomuni). In the Oxytrichina the union is more intimate, and goes so far as 
to constitute a true soldering of the two individuals for more than two-thirds 
of their anterior part. Anyone who had not witnessed all the jdiases of this 
singular copulation, would be unable to avoid regarding this state as a longi- 
tmlinal division, proceeding from bcliind forwards, in a single animal. But, 
even if direct observation were wanting, the concomitant changes of the 
internal organs, which are so characteristic, cannot leave the least doubt as 
to the actual signification of this act.” 

Ovules. — In Ehrenberg’s organology of Infusoria, ovules or ova assumed a 
high importance. The structures he so designated had no distinctive features 
assigned them, whereby tliey could ho distinguished from other corpuscles 
and granules in the interior ; and, in consequence, their existence could not 
be confirmed by other mieroscopists, who for the most part declared that the 
supposed ova were indifferently alimentary vacuoles, particles of food, fat 
globules, or the ordinary granules of the interior. The general opinion became 
pronounced against the very existence of ovules and of development by their 
means, whilst the deposition of ova, which Ehrenberg believed he witnessed in 
several instances, was explained to be an act of difflucncc misconceived. This 
explanation, for instance, has been given to his recorded observation and his 
figures of the act of .oviposition in Colpoda Cucul lulus, which represented this 
animalcule as bursting and gi^dng vent to strings of ova, which first ran 
together in a reticulate manner, and then, after a time, became individually 
developed into young Colpodce, According to the opposite view, the bursting 
and extrusion of contents are no other than the phenomena of diffluenco and 
the dispersion of particles of sarcodo, whilst the young supposed to originate 
from those, particles are merely minute Monads or monadiform coipusclcs 
found in company with the Colpodw. 

One objection brought against the assumption of ova being ejected from 
Protozoa in the exercise of a generative function is certainly frivolous — viz. 
that the empty or broken shells of the ova ought to he mot with ; for the shell 
of an egg, however useful in larger animals as a defence against injury, is no 
essential part of an ovum from which a new being can be developed. 

^Although the existence of ova among the Ciliata has been denied by the 
groat authorities on Infusoria — hy Kdlliker, 8iebold, Leuckart, Cohn, Stein, 
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\’an der Hocven and others,, yet it has latterly found two advocates in Prof. 
Perty and Mr. Carter. The latter writer (A. N. 11. 1850, x\dii. p. 225) can 
adduce little direct evidence to support his \iew8, and seems to rest more 
weight upon argument from analogy with Amoelxm, ArcelUnu, Astasice, and 
EiKjlenoi, in all which he has satisfied his own mind of the presence of ovules, 
mid of their development in the two latter genera. “The same kind of develop- 
ment,” he Avrites, “ of the ovule probably takes place in all the Hhizopoda as 
in Spongilla and in Astasia and but this is not proving that Rhi- 

zopoda are developed by ova ; and the entire value of the presumed analogy 
wdth Astasice depends on our admitting a natural affinity and close simihirity 
in organization between that family and Ciliated Protozoa, on the one hand, 
and llhizopodous Protozoa on the other. Indeed, wo imagine the prevailing 
opinion to be, that the history of development of Astasicea corresponds rather 
with that of vegetable organisms than with that of the Protozoa ; for this so- 
called ovular reproduction of the Astasicea certainly seems analogous with the 
development of zoospores in many unicellular Algae. 

To re(;ur to Mr. Cartt^r’s statements, he tells us he applies the term 
“ ovules ” to “ a number of discoid or globular nucleated cells, which appear 
together in the sarcodc of some of the Infusoria ; ” and ho subsequently pro- 
ccHids to uphold his views by his own personal observations, and by inferences 
(IraAvn from others. “ In many of Ehrenberg’s cmterodolous Infusoria it is 
not uncommon to see a number of defined globular bodies, of nearly ccpial 
size and of a faint opaque yellow colour, which closely resemble oAuiles — 
e. if. Ariiphifeptus fasciola (Khr.), Himanlopliorus Charon (Ehr.), &c. ; nor is 
it imi)robablc that many of his Ti’achelina, Avhich come near Planaria^ possess 
ovules similar to those Avhich are found in the latter ; but, from being so much 
mixed up with the splujrical cells, pass equally unnoticed while in, as well as 
when out of, the body, under such circumstances. M, J. Haime, hoAvever, has 
distincjtly seen instances in Avhich these bodies have beem qjc^cted from Infusoria, 
and have passed into locomotive animalcules under his eye. Thus ho states 
that in Plcescmiia they form a grou];) of from forty to fifty in the middle of 
the body, are round, issue one by one, remain tranquil some time, then deve- 
lop tivo filaments, one in front, the other behind, and move about rapidly. 
In an ‘ undescribed ’ species of Dileptiis they arc whitish, and form a wreath 
extending almost throughout the whole length of the body, become yellow 
towards th(i anal extremity, where they pass out with the remains of the 
food, soon dcvelope two opposite filaments, and move about rapidly. In 
Paramecium Awrelia, M. Haime states that an ovary appears some hours 
before death, about the middle of the body, which becomes filled Avith about 
sixty little nuclei : these increase in size, burst the ovisac, and thus pass into 
the body of the parent, from Avhich they finally escape by an opening in the 
tegumentary covering, formed by the diffluence of the latter ; and the ovisac 
follows them.” 

Perty has used great diligence in searching for the presence of OAUiles or, 
more accurately, of germs (Blasticn), and has adduced various arguments for 
their existence. Ho states (pp, cit. p. that their aspect is .distinctive, 
although their colour varies in different species, that, unlike food, they re- 
tain their form, increasing only in size, and that, on the dissolution or breaking 
up of the animalcules, they display themseh’-cs as free individualized struc- 
tures. It is only, ho adds, in incomx>lete forms, in young and imperfect beings, 
that any doubt can exist respecting the character of these corpuscles. Ovular 
develoi>mcnt does not take phice as Dujardin surmised, by detached morsels 
of the sarcodc, nor by ova such as Ehrcnberg 8ui)poscd, but by a pecul^r 
set of bodies, originating in the interior of the animals, and progressively 
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multiplied. Their minuteness is a bar to observation ; and it is only by the 
concurrence of favourable circumstances — by the iircsence of the ovules in 
thcii’ first, intermediate, and finished stages — that they can be satisfactoiily 
made out, as in Nassula aurea, Ev{flena viridis, CJionemonas bicolor, &c. 
Fission may bo several times repeated ; but the formation of germs takes place 
at the expense of the contents of the parent. 

The unusually small size of many animalcules is another argument advanced 
in favour of propagation by germs or ova, since the act of fission is limited to 
a certain size, and the natural characters of the species are to be preserved. 
Thus Forty met with examples of Kerona jmstulata as small as 1-70"', which 
could scarcely originate from fission. Tliey were exactly like the original 
animalcule except in being more roimd. Specimens of Pleuronema crassum 
occur no larger than 1-90'", devoid of molecules, more transparent and slender 
than old ones, with a more pointed ajicx, but otherwise their counterpai*t. 
Again, Nassula aurea varies from 1-150'" to 1-] 2'" ; and in those of 1-50"' the 
rudiments of the dental” apparatus are distinguishable. AnAmphileptu^ mo~ 
niUgery 1-6'", having a very short neck, was distended by 100-150 germs or 
ovules surrounded by some thousands of fine molecules ; that these were neither 
vacuoles nor stomach-sacs was seen at places where they displayed themselves 
as individualized corpuscles. Moreover there wore no other animalcules or par- 
ticles of food in the glass containing the Amphile^Hiis, and all the germs were 
uniform in size, in hue, and in refractibility, and readUy distinguishable from 
some swallowed Infusoria present in some spots, 'fhe greem spheroidal cor- 
puscles in Parainec Jilin ver»utumy having a medium size of 1-450'", arc true 
ovules: they do not change colour, like the green nutritive matters of Infusoiia, 
to yellow, red, or brown ; and when the animalcule is left dry by evaporation, 
they become isolated. Although no germinal speck is discoverable in these 
boddes as in ordinary ovules, yet it is remarkable that a fold, streak, or darker 
space is visible. Small specimens of this Infusorium also occur in which the 
ovules arc colourless or pale green ; and on one occasion Forty saw, amid the 
fully-developed individuals, oval greenish animalcules of about 1-60'", which 
seemed no other than the escaped germs of the Paramecium. 

Such are some of the principal observations Ferty appeals to in order to 
substantiate his hypothesis of internal germs and of development from them. 
He has given, in illustration, a number of figures ; but they are too rudely 
drawn to efficiently answer their object ; and wo must confess our inability to 
receive the fact of the existence of ova or germs as at all demonstrated in the 
Ciliata either by the researches of Mr. Carter or of Feriy. The discoid or 
globular nucleated cells wliich the fii'st- named writer makes out so clearly in 
the Astasma, are nverely supposed to bo represented by certain << defined glo- 
bular bodies of nearly equal size and of a faint opaijuc yellow colour, which 
closely resemble ovules ” (why ?), not uncommon in many ciliated Frotozoa, 
e. g, ^^Amj)hilejptus fasciola, llimantaplwrm Charon, &c.” Such evidence is 
purely presumptive, and is little aided by M. Jules Haime’s anomalous obser- 
vations. Respecting Forty’s arguments and reported phenomena, it may bo 
objectc^l thjit he docs not establish his attempted rigorous description of germs 
— does not show their distinctive peculiarities as stated, and seems to have 
confounded together various internal bodies in his description of germs. Thus 
in the Paramecium versutmn (which ho presumes to be the same animalcule 
described by Cohn as Loxodes Bursaria) the green spheroidal coiquiscles 
look to be nothing more than the chlorophyll globides pointed out by 
Cohn and Stein. Again, of the ambiguous corpuscles in other Frotozoa cited 
as ovules or geims, it is simply from their doubtful character that this 
can be presumed ; for our knowledge of the contents of the Ciliata, of the 
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changes they may visibly undergo from the action of external agents, from 
age, and other conditions, is ut pi-eseiit too imperfect to signalize certain par- 
ticles, definable by no sufficient chaincteristics, as special structures, such as 
ova, — unless, indeed, we can watch their origin, growth, extiiision, and de- 
velopment into animalcules assuming the particular form and organization of 
tlic parent animal at an earlier or later date. Perty, indeed, has imagined — not 
proved — certain minute orgaiiLsms floating in the vicinity of an animalcule, 
having about the same size as tlio supposed internal ovules, to be the young 
resulting from those germs ; and althougli it cannot be denied that he is in 
the right, yet it is for him to show that he is so, by elucidating the phases of 
development ; and we must alwa^'s keep in view the very erroneous fancies 
which result from these sui)posed relations between contiguous oi-gaiiisms, 
very probably only accidentally brought together, — of which we have an 
illustration in the visionary hypotheses of spontaneous development and 
ascendant embryogeny put forth by (jros and others. 

AVe have stated the preceding objections against the particular statements 
of Carter and l^erty, and not against the hypothesis of the production of in- 
ternal genus ; for sufficient examples are on record of the production of such 
germs and of living embryos '^^dthin animalcules, after preparatory develop- 
mental changes, from the fission and breaking up of the nucleus, lleforo leaving 
this hypothesis of the existence and devoloj)ment of internal gonns, it is but 
right to mention that it has been received, among othens, by Eckhard and by 
Oscar Schmidt, both of them supporters, in almost all their details, of Ehren- 
berg’s views, and who are believed by most authorities to have too much the 
character of advocates of a particular theory, to discuss or to observe in ge- 
neral without prejudice. To allude briefly to their observations, Eckhard 
{A, N, U, 1847, xviii. Siq>pl, p. 440) in the first place remarks, as others 
have done, on the. very different sizes of animalcules of tho same species, as 
a proof of ovular development, arguing that the vciy^ smallest cannot result 
from fission or gemmation. To this he appends an observation made on 
Stentor ctmrulen^H (XXIX. 8), which, from its completeness and apparent 
truthfulness, deserves quotation when Ave come to speak of the development 
of ova. Schmidt corroborates Eckhard’s statement of the production of 
living germs from Stentor cteruJeuSy and affirms, in addition, that germs are 
frequently extruded and developed outside the parent, and that their subse- 
quent development from minute globular and conical transparent and almost 
colourless organisms, Avith long cilia, may be watched through all the inter- 
mediate stages until the complete animalcule, Avith its spiral ciliary wreath 
and mouth, is periected. 

The preceding speculations on the development of ovukys and germs have 
their importance materially modified by M. lialbiuni’s recent researches and 
hypotheses rcispccting the prevalence of a sexual mode of reproduction among 
the Ciliata, as detailed above (pp. 329-334). 

Sfeumatozoids ( ? ). — ^This term is proAdsionally applied by Air. Carter to 
granules originally developed from the nucleus in Amceba, Eiujli/pha, and 
Spongillu, and supposed by him to irni^regnatc the oahiIos. “ With .rcfqrenco 
to the organs of generation,” he writes (A. N. IT. 185(), xAdii. p. 228), “ in 
the other Infusoria, I can state no more than that, althougli thei e is a fusiform 
nucleus in Otostoina (XXVIII. 25, 20), I have dso constantly seen a bunch 
of string-like filaments floating about its interior, Avhich appeared to bo at- 
tached near tho buccal cavity ; and although ! could make out nothing more, I 
could at the same time only liken these to the generative aj^iaratus in tho 
Planarla mentioned, which floats round the buccal cavity and upper part of 
the membranous stomach in a similar manner.” 
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Tho notice of Mr. Carter, of the peculiar structures ho woidd designate 
spermatozoids, is as yet unconfirmed by other writers ; and we must therefore 
consider their nature and purpose still siih judice. 

Since the above was written, M. Balbiani’s researches (A, N. H. 1858, vol. i. 
p. 435) confiim Mr. Carter’s opinion so far as relates to tho development of 
spermatozoids or male reproductive elements, but refers their origin to the nu- 
cleolus instead of the nucleus. In our history of these last-named organs, wo 
have presented M. Balbiani’s views, and must here refer back to them (p. 329). 

Accessory Contents Granules ; Molecules; Sphertcal Cells; Sur- 
posKi) Glands. — Among the remaining contents of the Ciliata are numerous 
granules, molecules and fat-cella. Mr. Garter {A, N, II, 1856, xriii. p. 121) 
makes a distinction between granules and molecules — two terras which by 
others are very loosely used and not specially defined. This writer, however, 
would restrict the term molecules (molcculuc) to colourless granules more 
minute than those he understands by tho latter appellation. “ They differ in 
size, and are the first bodies that appear in it (/. e. the sarcode) .... By the 
time the ovules have become fully formed, the sarcode jmd its molocuhe have 
died off or disappeared.” 

The granules make their appearance among the molccuhe, and are cir- 
culated round the abdominal cavity in the manner of the digiistive globules 
and particles of food. They are of difterent sizes, but (hiefiy characterized 
by being much larger than tho molecuhu, few in number, of.a circular, ellip- 
tical, elongated, subround, or irregular shape, u ilh thick dark edges, ap]>a- 
rontly produced by obstruction to the ])jis.sag(i of light, — colourless, or of a 
yellowish-green tint. Wlieii large, and with no other granular matters pre- 
sent but the molocuhe, they form a striking fciiture in the interior of Amcpha^ 
Vorticellft, Ovytrivhay Farameclmn Avrdia, &e. ; but at times they are so in- 
significant ill size ns to be undistinguisliublo from the molocuhe, oven if 
present at all. That they are not ovules may bo satisfactorily seen wlum 
both arc together, — the dark, thick, and frequently irregular edges and colour- 
less state of the former contrasting strongly with the thin circular margin 
and faint yellow tint of the latter. They appear to increase in size and 
number with the ago of tho Infusorium, and, when fully developed, to remain 
unaltered in size, though a^qiarently somewhat shrivelled in form, until their 
dissolution. On one occasion, while watching tlu^ motamoi’phosis of an G.r//- 
trivJia (similar to, but not the same as, that describ(?d by M. Jules Ifaime, 
and of whiidi 1 hope to give a detailed account hereafter), these granuli's, 
during the formation of the glohidar cell within the body, which enclosed tlu^ 
materials from which the Fhsconia was ultimately developed, became con- 
gregated togcthei; at the posterior extremity of the (Xvytriclia, and remained 
there in a roundish mass, shut out from the cell, until the lattt'r burst for 
the liberation of the iVmsrou/n, when, with the deciduous coverings, they 
passed into dissolution. Of the nature of their otticc 1 am ignorant ; but they 
ai’c sufficiently rcmarkahle and constant to demand particular notice.” 

Perty speaks of molecules and granules together, and expresses his opinion 
that §ionn; arc simple fat-coipuscles, and others the first nidiments of internal 
germs or ovules. Stein also carefully distinguishes fat-granules from olheis 
not fatty. In Opermilaria , Ejnstylis, and allied genera of lliis 

obscrv'cr points out that no pariiclcs of food pencti ate to the posterior extre- 
mity, w’herc its diameter is narrowed to unite with the stem, but that this 
region is occupied mth a heap of'large fat-corpuscles and of minute granules 
of probably the same nature. Isolated corpuscles resemble precisely the fat- 
particles scattered through the body. He cannot assent to Ehrenberg’s pro- 
position, that this heap of granules represents a sort of loose ovary, but wmuld 
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consider it to be a store of nutritive matter specially intended to funiisli the 
material required in the construction of the stem. 

Under the name of “ spherical cells ” Mr. Carter (op. cit. p. 124) describes 
some special structures, which, so far as wo know, aro not mentioned by any 
other ohsorvor. They aboimd,” he writes, “ in the sarcode of Otostoma 
(XXVIII. 25, 26), and apparently in many of Ehrenberg’s ‘ Allotrcta.’ In 
Otostoma they are of different sizes, because they aro in all stages of develop- 
ment ; and to keep up their numbers without distending the animalcule, they 
must be continually undergoing rapid decay as well as reproduction. Tlie 
moat remarkable feature in them is, that the largest contain, besides other 
granular bodies, several small cells filled with a yellowish-brown Iluid ; and 
those cells arc also found free among the general group ; but of what their 
ultimate destination is, as they do not appear to grow larger, or to become re- 
l)roductivo, wo know notliing.” On comparing those (?ells with those soon 
in the stomachs of PUinavuv. and llotifcTa, Mr. Cart(U" concludes that they are 
homologous with them, and represent a biliary secreting orgiin. •‘Although,’* 
he adds, “ ovules may occasionally issue together with these colls from Oio- 
stoma. &c. as well as from the Pfanarhe, yet the two can hardly be con- 
founded.” 

On the correctness of this description wo have no moans of deciding : the 
genus Otostoma has not fallen under our observation ; and the figures to illus- 
trate those sjdicrical cells convey no clear conccjption of tlicir characters. Wo 
might hazard the conjecture that these supposcfl definite cells are only glo- 
bules of food ; foi’ w'e aro scarcely prepared to julmit the existence of hei)ati(^ 
cells in the simple tissue of Protozoa, between ^\'hich and the complex organ- 
ization of llotifcra, with their true membranous stomach, so wide a difference 
subsists that no true homology (^an obtain. 

Perhaps the coloured spherical cells ” of ^Ir, Carter are identical with 
the yellowish and brown vesicles Perty (op. cit. p. 53) separated from Nas- 
sula aurea by (uaisliing it between the glass slide and cov(n', from ^ 

to which he concluded to be fat-globules, and only 

another stage of development of numerous smaller white corjnisclos he met 
with in the same being. 

Stein has established the existence of a jyair of oblong or reniforni solid 
glandular-looking orgMiis a littlcj beneath the j)eiistom of Oja'rcularia arti- 
vulata (XXX. 20), the ])urposi) of which cannot be surmised. J^aehuiann 
bjis hinted at the possibility of their })eing nervous ganglions, but neverthe- 
less feels quite unable to express an opinion. 

The chlorophyll- coipuscles, chiefly confined to the soft subtegumentary 
lamina, have already been spoken of (p. 207), and need qo further notice, 
except it be to recall an opinion of Cohn, that the coloured masses, calle<l 
by Elirenberg (dliary glands, seen in a few species of Nassula, {irc j)robal)ly 
of the sjime nature as those cor|)usclcs. 

Ctuculatton or Contents (XXIX. 25). — The remarkable phenomenon 
of the circulation or rotation of a portion of the contents, similar to the cy- 
closis in the cells of many ])lants, is witnessed in most of the Ciliated Protozoa. 
It had attracted the notice of seveml observers before Ehrenberg published 
his great work in 1838, and was very sx)ecdily urged in argument against his 
views of polygastric organization, to wluch, indeed, it seemed fatal, inasmuch 
as such a rotation is (dearly incomjiatiblc with the existence of stomachs at- 
tached to, and connected together by, a fixed intestine. To moot the objec- 
tion thus raised, the Berlin professor suggested that the apparent circulation 
was abnormal, or a* diseased condition, the consequence of an over- distension 
of one stomach -sac at the sacrifice of others, an explanation quite inadmissi- 
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ble, since the phenomenon is one to be very frequently observed in animal- 
cules evidently in full functional activity and uninjured, and because the 
particles of food (jntering the interior assume their usual globular form (t. e, 
acquire the characters given by Ehrenberg to his so-called stomach-sacs), take 
their usual course, and do not accumulate in a confused manner within a large 
sac, such as the supposition in question implies. 

Microscopists are now agreed in representing this rotation to be confined 
to a layer or stratum of the contents within the subteguraentary or cortical 
lamina, and not to extend to the central portion, as Cohn represented (Zeitschr, 
1851, p. 265). The current is from left to right, as wo look down upon 
the animalcule (XXIX. 25) under the microscope, and therefore is actually 
the reverse, or from riglit to left, with regard to the animal itself. It never 
changes its direction or course ; but its rapidity vaiies in different species, and 
even in the same species under diflbrcnt circumstances affecting its vitality : 
such are, among oxternal conditions, light, air, warmth, and food ; others, age, 
the cnej’sting and reproductive acts. Cohn observed that some particles in a 
raramecium Bursaria occupied 1 ^ to 2 minutes in maldng the circuit. In 
Vorticella the cuiTent is slower." The stream is composed of a thin mu- 
cilaginous matter, bearing in it numerous granules and molecules, fat-cor- 
])usclcs, globules of food (the stomach-sacs of Ehrenberg), and the remnants 
of alimentaiy matters in their passage to thc^ discharging outlet. The chlo- 
rophyll-corpuscles of the cortical layer, the nucleus, and the contractile vesi- 
cles arc not involved in the current, unless, indeed, a few of the fii^st named 
when accidentally detached from their mat rix. The nucleus lies more or less 
within the stream ; and although moveable to a considerable extent at times 
by the onward pressure of a bolus of food, it yet seems to maintain a con- 
nexion with the subteguraentary lamina/ and to escape being drawn into the 
rotating current. Further, in the large Voriteellina, such as Epist^lis and 
Operciilaria, the mass of fat -corpuscles at the base of the body does not join 
in the current ; and it must be noted that the food-globules do not circulate 
until they have lost the independent motion received by them on their jiro- 
pulsion from the extremity of the a\sophagus. 

The most correct view, in our opinion, of the nature of the rotating stream, 
is that of Lachmann, who conceives it to be the nutritive fluid elaborated from 
the food, — in a word, “ chyme.” Such a fluid, analogy suggests to be needed 
by the cortical and sarcodc lamina) over which it spreads itself, to sujiply ma- 
terial for their renovation and rebuilding, and to compensate for the constant 
waste consequent on the perpetual movements of the animal. And may 
we not further presume that this cuiTcnt also serves to bear away from 
the lamina effeic particles prior to their elimination, just as the blood 
of higher animals serves both as d pabulum to the tissues and a channel for 
the removal of their woni-out material ? Moreover, this circulation of a nu- 
tritive fluid around the inner layer of the animalcule has its analogy in the 
rotation of a similar fluid around the general abdominal cavity of the Cmlen- 
tenita, such as the Ilydrozoa and Actinozoa. 

Respecting the cause of this rotation of the contcuts, several cxjflanations 
have been broached. Some seeing in it a close similarity to the cyclosis of 
plants, have attributed it to a like cause ; but what this is in vegetable cells 
is anything but certain. According to some, the nucleus of the plant-cell is 
the exciting force, since the stream seems to set out from and to return to 
the nucleus ; but this is not universally the case. Others, again, imagine cilia 
to cover the interior of the ceU-wall — ^biit this is only an hypothesis, — wliilst 
others find in the functional activity of growth and nutrition, coupled with 
the co-ordinate actions of light, heat, and chemical affinity, a sufficient cause 
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for the phenomenon. This last view comprehends the interpretation Stein 
puts upon the movement in question in the Protozoa, which is, that the chlo- 
rophyll-globules by their action on light, by the exhalation of carbonic acid 
gas, and the resultant chemical forces developed, produce the revolving move- 
ment ; for, as he remarks, the movements of the animals have nothing to do 
with the rotation, as some have suggested, seeing that it goes on when 
they are in perfect repose ; and moreover is seen only in those rich in chlo- 
rophyll, and not in colourless individuals. 

In elucidation of chcmico-vital action as a motor force, we may allude to 
vegetable physiology, which teaches us its power in the circulation of the sap 
through the appointed channels in the leaves and thence downwards through 
the inner bark. Put, apart from the influence of cheraico-vital forces, wc cannot 
exclude the idea that the propulsive force of the ccsophagus, in impelling food 
or water into the general cavity, must aid the current, even if its axis do not 
precisely correspond with the couisc at the point where it is first operative, 
since, from the ditference in the arcs described by the course of the stream 
and by the oosophageal current, the two must eventually become coincident 
and concurrent. 

In a recent letter to us. Dr. Strethill Wright remarks that “ in Carche- 
slum jpohjinuitm active molecular movements may be detected throughout 
every part of the zooid (animalcule), even in the thickened rim upon which 
the cilia are phuicd. This movement seems to be distinct from the rotatory 
motion of tlie whole contents of the body, so readily seen in Epistylis yraiidis^ 
and which only occasionally occurs in Careliesiuni, ^i'hc zooids of the class 
of Protozoa seem to be composed of sarcodc in its most fluid state, enclosed 
in a delicate contractile coat. In this sarcodc a desultory circulation occurs, 
either as molecular motion or as steady rotation, or as a backward and for- 
ward flowing occasioned by change of shape in the body, as in Oplirydinm 
versatile,'* 

Tiik Encysting -process in the Ciliated Protozoa (XXVIII. 0, 7, 66, 
67, 74 -76 ; XXIX. 18, 19, 21-23,39-46, 52-e58).— Although the cncysting- 
process is very frequently associated with the act of reproduction, yet it is 
also concerned with the prcseiwation of individual life, and, so far, deserves 
consideration apart from the former. Were it not for some provision against 
such a contingency, animalcular life would bo exposed to wide-spread destruc- 
tion by the change of seasons, by the drying up of the ])ools and ditches they 
inhabit, and by other injurious external influences. Such a provision is made 
by the act of encysting, which enables these minute animal organisms at all 
ages to resist those destructive agencies, and also provides for their almost 
unlimited diftiision. The construction of .sheaths around Animalcules is an- 
other protective act (see p. 282), but difters from encysting in not completely 
enclosing them. 

When an animalcule is about to encyst itself, its movements become less 
active, and presently cease ; at the same time it withdraws and folds up its 
rotary or other prominent process, closes its oral aperture and contracts itself 
in a more or less spherical shape, and its cilia disappear. Having proceeded 
thus far, an excretion is thrown out around, which gradually hardens, assumes 
a membranous form, and invests the animalcule as a cyst or case. It may 
happen that the construction of the cyst commences before the animal is 
quiescent, while it still moves slowly about or revolves on itself by the out- 
pouring of the soft gelatinous matter out of which it is to be elaborated, as 
is seen in AmphiUptiis (XXIX. 19), Colpoda (XXIX. 35 — 43), and Chilodon 
(XXIX. 48-58). Moreover, after the animalcule is enclosed within its case, 
it may for a time vary its figure, and also turn on itself with more or loss 
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activity, by means of its cilia, which yet remain apparent. Stein mentions 
tliis phenomenon in Stylontjclda imstulata (XXIX. 18), and in the encysted 
embrj^os or gemma) of Colj)oda ; and wo know that similar movciiicnts precede 
its revival from its quiescent condition in all cases. 

The cyst-wall is, at least in some examples, double, consisting of an outer, 
fincly-granular, softer layer and an inner, consistent, clastic, homogeneous 
membrane (XXIX. 21, 22, 41, 43). It may bo that two such lamintc always 
exist ; for the outer one crumbles away so soon as the enclosed animal prepares 
to rcassiimc its activity, and it is after the onset of internal changes that 
most observations have been made upon cysts. The two coats wore remarked 
by Auerbach (Zeitsc?ir, 1854, p. 431) in Oxytricha PeJlioiiella (XXIX. 21- 23) ; 
by Stein in Chilodon Cimdluhts (XXIX. 53, 54), in SfyJonychia lyastuJala 
XXIX. 18),- and in Nasmht amhhjua ; and by Cienkowsky in Nitssula viridis 
(XXVIII. (57), &c. In Chilodon, indeed, Stein rciu’esents several concentric 
la^’ers to the cysts (XXIX. 55, 5(5), Jind states that in this instance the walls 
acquire no firmness, but remain soft and gelatinous. 

Another peculiarity attaching to cysts in some species, is, that they 
l)roducc folds or plaits on their surface, and therewith acquire an apparc'iit 
angular outline, as Stein exhibits in his figures of encysted Ppistylis fdicfff tit's 
and Z. brunchiojdiiJd, where the lines are longitudinal, and in encysted Oper- 
nthtria ht rht rifonuls, where they arc transverse or annular. 

Again, the cyst- alls arc not always smooth : thus, in Nassula atulttym 
Stein represents them as jninclafc in longitudinal lines ; in ^iylonycltitt pus- 
Odata (MiilJer^s Archtv, 1850, iv. ; A, iv. //. 1857, xix. p. 228) they have 
stellate markings, and in a small undescribed species of Epislylts a finely- 
shagi’cined surface. 

Tlie changes which the encysting animal itself undergoes have been men- 
tioned gencjrally ; but a few more details, aided by refi'rcncc to particular 
examples, ai*o required for a more complete elucidation of tbem. So soon as 
the animalcule becomes (piiescent witliin the sac secreted around it, the cilia 
which covered the surface', including any of larger dimensions disposed along 
certain tracts, or upon particular juoccsscs, disap 2 )car, and have generally been 
presumed to he destroyed ; however, various observations arc on record which 
seem to show that this is not universally the ease, hut that not unfrccjucntly 
they arc merely concealc’d from view ; and this being so, it becomes cjucs- 
tionable wlictlic'r — especially in the ovdiuaiy iHocess of encysting, where 
only the consen aiion cd’ the individual is intcndcjcl — their destruction or 
absorption is thci rule. An observation of Stein maybe cpiotcd on this ques- 
tion; — An <;ncystcd Chilodon Cvcnlhdus^ after devclojnng several embryos, 
ceased this procc'fts of i)ro])agatiou,.rcdisi)layed its cilia as if by simple evolu- 
tion, and (commenced moving within its cyst along with one of its embryos 
(XXIX. 58). The inferencci dcducihlc from this particular observation in 
the case of the encystiiig-procoss, even w^hen exercised for the distinct imrposo 
of generation, is greatly strengthened by the oft-rci)cated observations of the 
release of the imprisoned beings, by pressure causing the rupture of the newly- 
formed dyst, in the possession of their complete figure and their ciliaiy arma- 
ture. We may add that no proof exists of an actual new formation of cilia 
ii])on beings emerging fi*om their cyst ; all that can be predicated is, 

that cilia reapi)ear in their normal positions and arrangement. 

To sketch now the history of the wicysting-ijroccss by a reference to some of 
the many examples recorded by various mieroscopists ; for the act has been 
witnessed in so many species and genera, that it is assumcul to be common to 
all. The description given by Cohn {ZeilscJir, 1 853, iv. p. 267) of the encyst- 
ing of TratMivs Ovum may be given as an example (XXIX. 10, 20) : — The 
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movcmciits of the animalcule become slower, and bcfoi'e. ceasing altogether, 
consist in a simple rotation without change of position. The cilia are next 
seen to become indistinct and to disappear ; and a delicate lino, removed some 
little distance from the poripherj” of the enclosed animal, makes its appear- 
ance, indicating the limit of a soft gelatinous envelope. Whilst this proceeds, 
the animal assumes a more globular and contracted figure, chiefly by folding 
down its lip- or trunk-like process upon its general sui*facc. The secreted 
covering in the meanwhile gains in firmness, but loses in thickness, and thus 
acquires the character of a membrane, which closely invests the IVacheliiis, 
except at places where the two surfaces arc separate and distinct. 

This may be termed the first degree of encysting, and affects the creature 
so slightly that it can shake off its coating of its own accord, and, by nipturing 
its sac, rcassumc its pristine appearance and activity. This phenomenon was 
witnessed four times in tlie same individual by Colm, and supposed by him 
to have been induced by the abnormal conditions (the action of light, &c.) in 
which the animalcule was placed under the microscope. 8tein (oj?. cit. 
p. 133) in a similar manner recounts the formation of a cyst around Chilodon 
Cuca/luiiis, and the possibility of setting it free by breaking down the cyst by 
pressure. In Trachclins the development of the cyst, to the stage described, 
occupied, according to Colin, only ten minutes. Where the process advances 
Ixjyond this degree, the cyst commonly acquires a denser and firmer con- 
sistence ; the animalcidc can no longer deliver itself at once ot its own accord 
from its prison, but undergoes a further change from its normal form, and 
rccpiij’cs those viviljdng inllueiices of external warmth, light, and moisture, 
such as spring-time brings 'with it, to arouse it from its toiqiid state, and to 
cause the rcappcaraiicii of its hitherto obliterated organs. 

Stein has \cvy copious detruls of the whole process of encysting in various 
Ciliat(;d Trotozoa ; but in none is that process more interesting to follow than 
in the Vorticeliina. In members of this family the state of extreme contrac- 
tion, iiiduccid by some external cause obnoxious to them, becomes fixed, and 
only the irregularly-curved space covered over by the csompletely-closed 
jieristoni imlicates the complicated ciliary appiiratus of the head ; and even 
this doi'i'cases to a streak, and at length vanishes altogether. Whilst this 
goes forward, a membrane forms around the being which is now detaclicd 
from its stem, and a globular or ovoid cyst, containing a nucleus and a con- 
tnictile vesicle, is the representative of the once active and elaborately- 
organized Voriicella, 

To what degjce the encysting process may advance without depriving the 
jinimal of its ability to recover its freedom and original character, is well ex- 
empli lied by Auerbach’s observation on the cysts of Oa'jjtrkha Pellionella 
(XXIX. 21, 24) (Zeitschr. 1854, v. p. 430). This able microscopist found a 
number of globular cysts, with two coats, enclosing a homogeneous, finely- 
granular, brown substance, witliin which was a darker, rounded body (XXIX. 
21), or at times two, and more rarely three such, seemingly derived from it, 
indicating the nucleus. The contents naturally filled the capsule ; the addi- 
tion, however, of a little muriatic acid caused them to shrink into a roundish 
body, somcwliat more extended on one side, and traversed by a few deep 
folds or fissures (XXIX. 22). Such were the bodies met mth during the 
continuance of winter ; but when early spring arrived, these began to exhibit 
signs of vital activity within. 

The first change remarked was the appearance of a vesicle, which by 
degrees acquired increased contractility ; then the body retracted itself from 
the cyst- wall and commenced to revolve in a vacillating manner, whilst the 
outer granular lamina of the cyst broke away. Cilia now could bo seen dis- 
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tributcd over the siu facc of the animal, and a close row of much stronger ones 
along a fold recalling the characteristics of Stylonychia or of Oxytricha^ 
although the animal still wanted tho general conformation of the body 
peculiar to cither of these genera (XXIX. 23). All this time the darker 
nuclear body or bodies had retained their existence and position, whilst the 
contractile vesicle, on tho other hand, grew smaller, apparently by the ex- 
pulsion of part of its fluid contents to occupy the sj)ace left between the 
animal and its capsule by tho contraction of the former. The enclosed body, 
when freed from the wall of the cyst, commenced moving, not in a regular 
rotation, but in a jerking manTier,"from side to side as it turned, until at 
length it ruptured the walls of its prison and made its csciipe. The animal 
thus set at large presented tho characters of Oxytricha (XXIX. 24) di- 
stinctly enough to recognize it as belonging to the genus ; and at the same 
time the numerous escaping genus and the rapid appearance of a multitude 
of Oxytrichci Ptllionella of all sizes confirmed this view of their nature. 
Ne\crtheless a alight diflerence existed between the newly- emerged indi- 
viduals and mature specimens, — the former being more oval, and their contents 
less hyaline, more granular, and of a yellowish colour by transmitted light: 
still, specimens occurred of every intermediate shade. 

Ibis observation by Auerbach demonstrates to us how completely modified 
and actually lost the characters of an animalcule may be when it becomes 
encysted even temporarily, during what has been termed the wintcr-sh^ep ; 
for, as that wiitcr shows, the O.rif/^ric/irt-cysts lie discovei'cd could not have 
been ova, or a mere transitional phase to a higher form of existence. Similar 
instances of cyst-evolution arc recorded by other observers ; but gc>nerally the 
whole history of the cyst is not given, but only that portion in which an 
actual animalcular form, in movement by means of cilia, has revealed itself ; 
such is the instance of Amj^hileptiis Fasciola mentioned by Cohn {Zeifsvht\ v. 
1854, p. 434). Fnitliermore, vaiiations in the internal appearance and jicr- 
ceptible contents of cysts vary in difleront species, just as do their walls; 
Ihus, for example, in Oxytricha-i jstsi the contractile vesicle had vanished and 
appeared de novo only when its vital activity was resumed, — while in other 
cases this sac or space never disapx>eai's, but is even more prominent than 
the nucleus before the action of reagents, which is tnic of most, or of all, 
Vorticellina. 

The particulars recounted by Mr. Brightwcll respecting Zoothamniam 
ArhxKsvida (‘ Fauna Infusoiia of Norfolk,’ 1848), which he thought indicative 
of a mode of development by alternate generation, appear to us to represent 
probably tho act of encysting, or that degrc'o of it assumed by gemmae prior 
to detachment from tlieir parent stem, and retained by tliem until they have 
taken up a fixed position and pro’ceed to develop a pedunelo (scc', section 
on Fission and (Gemmation). We extract Mr. Ihightwell’s account, so that 
our readers may form their own opinion of the nature of the phenomena 
detailed 

“ Sept. 16th, 1846. Early in the morning of this day, we observed one of 
the ZootJmmnmm arhuscvla, a large old specimen, which had lost all its 
small bell-shaped animals, but had sevcTal medlar-shaped buds or ova re- 
maining upon it. It was seen to detach from its stalks ncmly all thcjse ova, 
which went off as free animals. One of them soon after settled at the side of 
the v ater-tmugh, and after agitating its anterior cilia it suddenly, and with 
R kind of violent eft’ort, oi)ened into a cup-shai)cd form, and darted about 
with gi'cat rapidity, occasionally settling, and daiting off uggin. 

“ At nine in the morning, one of these buds, or ova, was observed fixed to 

e glass by a sheathed pedicle ; a ciliary motion became perceptible at the 
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top of the bulb ; and at ten it had diyidcd longitudinally into two buds^ each 
supported by a short stalk. The ciliary motion continued in the centre of 
each of these two buds, which by degrees expanded longitudinally, and nt 
twelve had become four buds. By four in the afternoon, these four buds had 
divided in like manner and increased to nine, with an elongated foot-stalk, and 
interior contractile muscle. 

“ During the development of another specimen, the stalk ap 2 >earcd to have 
transverse ribs or joints, and, whilst a drawing was making, gradually bent 
downwards, and all the buds severally detached themselves from it, and went 
off as free animals, leading only the bent stalk. In this interesting process 
Ave see something analogous to what Stcenstnip describes tis ^ a mode of 
development by means of nurses or intermediate generations.’ 

“ This mode is described as that in wliich an animal produces a progeny 
I)ermanently dissimilar to itself, but which progeny produces a new generation^ 
in itself or its oftspiing, returning to the form of the piu’cnt animal. It 
will be seen that this development differs from that of metamorphosis, in 
the circumstance of the intermediate animal (the nurse) being itself a perma- 
nent and producing form. 

“ To show this to be the case with Zoothamniiim, it would be necessary to 
I^rove that the medlar-shaped animals were a permanent form, producing a 
race which, in themselves or in w'hat they produced, rctunied to the fomi of 
the parent animal. 

“We liave not been able to carry the development of these buds or ova 
further than PI. 12. f. 67, 68, 69, and wood cut” (see Part 11.). “ And it is 

remarkable that in all these the buds have produced, not the little bell-shaped 
animalcules like the parent animal, but other buds like themselves. May it 
not be the case, that these medlar- shaped bodies are propagated at the close 
of the year, and that, when the plant to which the Zoothamnia bearing these 
bodies are attached dies avvay, they remain in the mud, i)rotected from the cold 
of the winter, and in the sining burst forth, and settle upon the new -growing 
jjlants, and 2 >roduce animals of the parent-form. They would thus form an 
intermediate nursing race answering to Stcenstrup’s descrijffion.” 

Prof. Cienkowsky has witnessed {Zeitsclir. 1855, vi. p. 301) cyst-construc- 
tion in Nassula viridis (Duj.) (XXVIII. 65 — 71), StijlonycMa pmtidata 
(XXVIII. 74 — 76), aS. lanceolatay in various Vorilcedce, in Bursaria tymnea- 
tella, B. lateritia, Fodophrya fiaxi, fjOivodes Cucidlidus (Duj.), Lencophrys 
iSpathula, AmpMhptm maryaritifer, llolophrya hninnea, and less completelj’^ in 
Ampkileptus A7ias, StyJo7tychia Myiilus, Fnramecimn chrysalisy Splrostomum 
ainhiyimmy Stenlor pof ymorphus, St, M'dlleriy Farameciwn Aurelia y and Loxodes 
Bursaria. 

In Loxodes Ciwulhdus (Duj.) and Stylonychia pustulata he saw the dis- 
charge of the whole of the contents of the cyst in the form of encysted Infu- 
soria. The embryo bom from the cysts of Styloiiychia pustulata resembles 
closely the Trichoda Lynceus, and can midtiply itself by self-fission just in 
the same manner as mature and independent beings. 

In cyst- development, he observes, the whole of the contents anc, as Jules 
Haimo stated, not metamori)hosed into the resultant embryo, but one or more 
portions escape in the form of globules, apparently ciliated, and move off with 
a rotating motion. 

RErEonucTTON OF TTiF. C iliated Protozoa: — Fission, modes or; Gemmation; 
INTERNAL OvA PRODUCING GeRMS OR EmBUYOS ; IMPREGNATION ; PRODUqjION 

or NEW Beings jvith and without Metamorphosis ; Transformation into 
Acinet.e, and Development of Embryos. — Until lately, naturalists in general 
did not acknowledge other methods of reproduction than by fission, or, as 
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some would call it, fissation, and by gemmation or budding, which, from not 
being true generative acts, have boon called ‘ vegetative ’ modes of propagation 
or multiplication. Ecccntly, however, the Ciliata have had attributed to them 
true generative processes, resulting in the development of embryos either with 
or without intcrcurreiit metamorphoses. 

The simpler processes of fission and gemmation are, in Stein’s opinion, modes 
of propagation i)ceuliar to immatui’c beings, and are replaced in mature 
animalcules by the agency of gemis or embryos. 

Fission. — This duplicative subdivision may be longitudinal, transverse, or 
oblique ; and wliilst some species divide in only one direction, others arc 
capable of so doing in two, for instance, in the longitudinal and transverse, 
but not simultaneously. Among the Vorticellhui longitudinal fission alone 
oceui-s ; Parameemm (XXIX. 27), CMhdon, and others divide both longi- 
tiidiniilly and transversely; Lagenophrys obliquely only. Fission has not 
he(*n witnessed in Splrochotia nor in Trkhodina, nor in Colpoda when in a 
free state and not encysted. 

Flirenlxirg came to the conclusion that multiplication by spontaneous divi- 
sion is the chanuitor whicli separates animals from plants. It is true (he 
argued) that gemmation iu plants, espedally in vciy simple cells, is at times 
very similar to tlu^ division in animals : but this relates to the form, not the 
formatioji. A vegetable cell, appanmtly capable of self- division, produces 
one, or contem])oraucously many exterior buds without any cliaiige 

in its interior. An animal which is capable of division, first doubles the inner 
organs, and subsecpieiitly decreases extenorly in size. Self-division ])roceeds 
from the interior towards tiie exbaior, from the centre to the perij)lKny ; 
gemination, which also occurs in animals, proceeds from the exterior towards 
the interior, and foi ins Jirst a wart, which then gradually becomes organized. 

'lliis supi)osed distiiudion between fission in vegetable ceUs and that in 
simple aniiiiaLs like Infusoria is set aside by inodcru rescarclies, which show 
that, when a i)hnit-ecll is about to divhle, the mucilaginous layer of the wall 
(/. c. the primordial utricle) manifests a constriction, whicli presently involves 
the wall itself, and, gradually deepening, at length cuts the cell into two. The 
ol)ser\'ations on this subject in the chapters on Desmidie-tE and Diatom k.e will 
more comi)leti*ly elucidate it. 

(■onsidered with respect to the condition of the animalcidc, fission occurs 
ill the active and unchanged state, as in Pararncchim ; or in a contracted state, 
as ill Voriicellina ; or only wlicn encysted, as in tlie case of Colpoda, Hence 
it follows, that it ])rcsents several slight modifications in its course. One 
generfil fact is, that whilst fission proceeds, the rotation of tlic contents of the 
animalcule is at a stand-still. In its simplest variety, the dividing being first 
presents a constriction at each pole br side of the body, which gradually ex- 
tends until it completely cuts it into two C(pial or unequal parts. Simulta- 
neously with the first indication of an act of fission, and in some cases before 
a sign of it is to be detected in the peripheiy of the animal, it has been 
generally taught that the nucleus, after elongating and usually disposing 
itself across the diri^ction of the line of scission, takes the initiative in the 
act, by commencing a fission of its own substance (XXIX. 27), which sub- 
sequently proceeds step by step with that of the entire body, until complete. 
This statement is, according to Lachmann {A, N. II. 1857, xix. p. 230), a 
mistiike when made respecting the Protozoa generally ; for in some eases the 
division of the nucleus is consecutive to that of the body, and “ in others, 
again, the actual fissation of the nucleus docs not lead to that of the body, 
but embryos are developed in it ; ” on the other hand, fissiitioii is genoiRlly 
commenced rather by a new formation of contractile vesicles.” 
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In somo species where fission proceeds on its simple type, food may con- 
tinue to bo received for a short period by the dividing animal. The small share 
the abdominal contents within the cortical lamina have in the vital processes, 
is shown by Tjachmann’s observation of a Stylonyclimy ‘‘ which, although a 
considerable part of its chyme had been sucked out of it by an Acinetay still 
underwent division, so that one of the gcmmules of division swam away from 
it biiskly, and only the other half of the old animal was destroyed.” 

The direction of the line of section is perhaps, when longitudinal, usually 
from before backwards, the constriction appearing first and advancing more 
rapidly at the head ; but the coiitraiy, according to Stein, prcvjiils in Chilodon 
Cucullulm^ wlicrc the constnetion makes its way solely from the posterior polo. 

When fission is transverse or oblique it necessarily involves the reproduc- 
tion, in tlie posterior half, of the organs existing in the anterior, viz. the ciliaiy 
apparatus of the head, the oral aperture, the tube prolonged from it, and the 
contractile vesicle. So far, tliercfore, it approaches nearer the act of gemma- 
tion than does longitudinal fission, wherein segments of the ali*eady existing 
organs are separated for the purposes of the new individual, and are not 
actually re])rodueed or created anew. “ Tn those Infusoria,” says Lachmann 
(A. JV. 11, loc. cit,), “ in which a peculiar series of stronger cilhi leads to the 
mouth (siK.'h as O.vylric/ihue and PJiqdoletn), the furrow in which this series 
of cilia is situated is s(?en, subse<piently to or simultaneously with the division 
of the c<mtractilc vesicle, to become jiroduced backwards over the mouth ; in 
this i>rolongation cilia are i)roduced, and its posterior extremity becomes 
deepened into a mouth and oesophagus, which then opens towards the ali- 
mentary cavity of the animal ; then, simultaneously with the external con- 
striction of the body, the new furrow is se])arated from the old one. (In 
Sfenior the new frontal series of cilia first makes its appearance on the old 
animal as a lateral straight seiics — the crista hi f trails of Ehronberg). In 
animfils whidi also possess pcnailiar processes of the body as organs of motion 
(hooks, styles, &c.), the fissation usually takes place in such a manner, that 
ea(ih of the n(3wly-formi?d animals acquires a portion of these from the old 
animal, whilst the other part is of new formation.” 

The manner in which self- division proceeds in Protozoa with a firm, and 
seemingly almost brittle integument, is exemplified in Coleps (XXIV. 284, 
285). Along the line of section a new secretion of ehitinous substance takes 
j)la(je, soft in consistence and transparent, which by its increasing width 
separati'S the two portions of the original lorica; in this inteiposod new 
tissue a constnetion presently manifests itself, and advancing in depth, the 
two sc'gments are finally sundered. It thus (!onies to pass tliat each ])roduct 
of fission is one lialf covered with a dense shield, and tire other half with a 
soft, yielding integument. After a while, more molecules make tluiir appear- 
ance in the latter, which gradually assumes a firmness ecjual to that of the 
old lorica. 

The Vorticdlhia, including the Ophrydma, do not divide until they have 
assumed a sort of scmicpiiescent condition, l)y the complete withdrawal of 
their ciliary apparatus and the contraction of the body generally into a more 
or less rounded or oval shape, — in short, until they have advanced one step 
towards encysting themselves. 

Ehrenberg portrayc^d their fission ns a simple constriction advancing from 
before backwards to separation of the body ; but Stein pointed out the actual 
antecedents of the process. According to the latter writer, the head-portion 
lUid its appendjigcs withdraw ; the rotar}'' oigan is absorbed, and also the 
a^sopluigus ; at the same time the contractile space vanishes ; the body ex- 
pands in width, the nucleus outstretches itself across it, a constriction appcai-s 
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on its anterior border, and, extending constantly in depth, at length effects its 
complete division. When the section has reached the third of the body, a 
conical space displays itself towards the anterior portion of each half (XXVII. 
3), lined by a special membrane, covered by cilia on its posterior side or base, 
which are seen to vibrate within the cavity. This formation is the rudiment 
of the future rotary organ. The apex of the conical hollow is prolonged by 
a canal wliicb evontually opens on the surface, and thus establishes a con- 
tinuity between the lining membrane and the external integument. At the 
same time the internal angle at the base of the cone is produced inwards so 
as to form the alimentaiy tube. When these changes are accomplished, the 
body is half cut through, and the appearance is rather that of two individual 
animalcules united posteriorly, having their ciliary apparatus retracted, and 
the peristom contracted in a splinter-like manner over it. liUstly, the 
advancing act of scission divides the nucleus ; and the whole body becomes 
resolved into two individuals seated upon the same stalk. From this account 
it follows, that, of the original organs of the animalcule, the nucleus is the 
only one divided between the two resultant beings by the process of fission ; 
all tlic rest arc formed anew out of the homogeneous substance of the body, 
viz. the peristom, the rotaiy organ, the alimentary tube, and the contractile 
vesicle. 

This absori)tion and renewal of parts during fissation is denied b}^ Lfichmann, 
who affirms that the movement of the cilia upon the ciliaiy apparatus, and 
in the vestibulum and ocsoi)hagus, which arc closed up by the peristom, may 
be observ('d during the whole process. We have no means of deciding which 
of these two statimicnts is correct : yet we rather incline to Stein’s account ; 
for when we admit that in fission there is a sei)arntion of aU the organs and 
aiipendagos of the l)ody into two portions, one to each resultant being, an act 
of stiuctural development becomes necessary to reproduce the remaining por- 
tion, so as to perfect each new animal and to assimilate it in characters to 
the parent. This bcang the case, the method of development stated hy Stein 
is more consonant with our views of histogeny than that of Lachmann. 

The oblhpie fission of Layeiiophrtjs vcujinkola (XXX. 32, 35, 30) presents 
several peculiarities. The line of section commences below the peristom on 
one side, and proceeds diagonally across to the opposite, and thus gives rise to 
an anterior lateral segment retaining all the special organs, and a posterior 
lateral possessing nothing save its half of the elongated divided nucleus. 
During the process, the anterior half continues in the enjoyment of all its 
functions and activity (XXX. 32), wdiirls its ciliary organ, and takes in food 
by the mouth : the food, however, does not reach to the segment beliind ; and 
whatever alimcntai^" particles might be present in this vanish, and its whole 
contained substance becomes homogeneous and granular, the half of the 
curved band-like nucleus extending into it. When the line of section is fully 
formed, Stein remarks that the posterior lateral segment rather resembles a 
gemma than the result of self- division, and proves how closely united arc the 
two processes of gemmation and of fission. 

When the scission is nearly complete, a contractile space appears, and, 
either before or behind this, a curved elongated cavity, ciliated on one side 
and produced upwards as a tube from one angle, is formed (XXX. 35), out 
of whicli the rotary organ and peristom are developed. As there is no room 
for movement, the new being lies motionless close against the old one : how- 
ever, its contractile space acts energetically ; and the alimentary tube, filled 
with fluid, moves upwards and downwards, and from side to syio within it. At 
length a row of cilia appear around the circumference of the body ; and now 
two beings occupy one case, the anterior adhering by its peristom to the narrow 
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orifice of the sheath, whilst the posterior lies immediately behind it, fixed from 
want of space, and unable to free itself (XXX. 36). The question that now 
presents itself is, how is the newly-foimcd animal to escape its prison and 
to exercise its vital endowments ? This, Stein has been able to solve by ob- 
servation of another species of Latjenophrys, viz. L. Ampulla, The upper seg- 
ment ceases to put forth its ciliary organs and to take in food, and shortly 
contracts itself and detaches its hold from the oj)ening of the external sheath, 
devcloinng simultaneously a row of cilia around its margin (XXX. 35). It 
also not unfrcquontly happens tliat the body is divided from the peiistom, 
leaving this portion adherc'nt in its natural position to the orifice of the 
sheath, and possessed of such remarkable vitality, that it continues to con- 
tract and dilate, and to imidicate the orifice of the sheath itself in its move- 
ments (XXX. 35). When the peristom, with a portion of contractile sarcodo 
(35 h) enclosing at times a contractile space within it, thus jdugs the 
only outlet from* the cj’st, the two products of fission cannot gain their 
liberty, and only enjoy the limited degree of locomotion allowed within their 
naiTOAV prison-house. Ihit where, as is more common, the orifice is opened, 
they sooner or later make tlieir way out, experiencing, nevertheless, some 
ditficulty ill jiassing through the narrow outlet. 

A curious circumstance pertains to these fission-products of Laycnoplirys, 
and indeed to those of all the Ophnjdina and Vorticellina, viz. they arc not 
precisely like the parent. Thus, the young of Layenophrys, produced as 
above described, exhibit the rotar}^ organ and peristom in a contracted con- 
dition, whilst a row of cilia surrounds the body in a ring-like groove on the 
abdominal surface, and serves the purjiose of a locomotive organ (XXX. 35, 
36). On the ventral aspect, adds Stein, the figure of the animalcule recalls 
that of Stylonychia, between which and the normal form of Vorticellina it 
may bo considered a transitional tyjic. 

Turning now to the other members of the Vorikdlina and Ophrydina, wo 
see that the history of the fission -products differs according to their habits 
and structural peculiaritujs. In the branching forms many of the newly - 
formed beings proceed each to secrete from its base a pedicle, and so continue 
the dichotomy of the little arborescent colony they belong to. Others, on 
the contrary, detach themselves from the parent-stem and enter on a free and 
independent existence. In this case one of the two segments consequent on 
self- division, in order to enter on its new mode of life, undergoes certain 
modifications in structure, viz. it continues in a completely contracted state, 
and a furrow ax)pears about the posterior third of the body, within which a 
ciliary circlet doveloi)S as the locomotive organ of the animal (XXA'IT. 11). 
This occurrence is general among VorticelUv and Ophrydina ; for among the 
former the pedicle never ramifies, and ih the latter one fission -product mu.st 
quit the capsule, which serves as the nidus of only one being at a time. 

The after-history of these locomotive segments is widely different in dif- 
ferent specimens. Some, after swfimming about for a time, come to a stale 
of rest, affix themselves by their posterior extremity, and produce, according 
to their natural habit, either a stalk or a slicath, and resume all the .charac- 
teristics of the parent-stock. Othens, again, become (]uieseent, but instead of se- 
creting a pedicle or sheath, jjroceed to encyst themselves, either for tludr own 
preservation or preparatory to the fulfilment of an act of reproduction. In- 
deed, the process of encysting may overtake the animals whilst still seated 
on their stalk or within their case, and thus anticipate the formation of the 
posterior ciliary wreath. 

Lastly, in a lew genera, fission seems only, or at least mostly, to occur 
after the animalcules arc encysted. Stein represents this to be the case go- 
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nerally in Colpoda CucuUulm, whicli he never found in process of fission 
(XXIX. 38-47). Indeed, Khrenberg himself never saw self-division of 
this animalcule, although he has, on the authority and ambiguous observa- 
tions of some of the old observers, described its occurrence. According to 
Stein’s researches, encysting would not api)car absolutely necessary ; for he 
witnessed self-division in some specimens only contracted in a spherical form : 
however, in othora, the more numerous, a cyst was thrown around the body 
before that process ensued. According to the general plan, the Ciliated 
Protozoa divide into two ; yet there are some — and Colpoda is one of such — 
in which the act of fission is repeated, and 4, 8, and even 16 segments and 
upwards result. The products of fission have a certain latitude of motion 
within their cysts, and ultimately escape by ruj)ture. Another peculiarity 
about Colpoda is, that the segments resulting from fission secrete individually 
a capsule around themselves, and thus we have cncystcjd beings enclosed 
within a general cyst. Lastly, each young cyst lias its own nucleus and 
contractile vesicle (XXIX. 43). 

The fission of the animal when encysted appears to bo the mlo in Gian-- 
coma ; for examfde, in G. schitillam ; and Stein surmises that it is this 
occuiTcnce which Cohn witnessed in Chilodon uncinaim, and thought to be 
two animalcules enclosed within a common cyst, as happens with Gretjacimr. 

The imjiortaiice of fission as a means of miiltiplpng individuals among the 
Ciliata admits of numerous striking illustrations. We may quote one givcui 
by Ehrenbcrg, by no means an extraordinary instance, lie made out that, 
a single individual of JSfi/loni/chia 3Ii/tilus lived nine days: during the fii’st 
24 hours it divided into .3 ; and during the n(^xt space of 21 hours ea('h of 
these three had subdivided into two beings ; so tlnat by stdf-division alomj 
this animalcule can multiply itself three or fourfold in four and twenty hours, 
and in the space of ten days bo represiuitod by a million derived beings or 
offshoots. Another instance may bo adduced from the same distinguisbed 
micrographer. On the 14th of November, he dividi^d a Par aniechmi Aurelia ^ 
J.^th of a line in length, into four parts, each of whicdi he placed in a so])a- 
rate glass. On the 17tb,the glasses numbered 1 and 4 each contained an iso- 
lated Paramecium swimming activel}' about. The pieces in Nos. 3 and 2 Iiad 
disapiiearod. On tin; 18th, there was no change. On the lf)th, eacli anim.al- 
cide presented a constriction across the middle of the body. On the 20th, 
No. 1 had propagated 5 indiriduals by transverse iission, and No. 4 eight 
such. On the 21 st, no cluinge had taken place. On the 22nd, No. I contained 
6, and No. 4, 18 specimens. On the 23rd, the beings produced were too nu- 
merous to be counted. From thcstMiotes KhrenbLTg (tjdculatcid, if this process 
continued in activity for a month, 2r»8 millions might bc^ produced. Apart, 
however, from tlu^so, wliich we may term s])ecuhiti\e ('on side rations, u^e hav(' 
in Oplirydium the cleai’cst and most direct evidence of tlu* extemt to which 
fission is carried out. On the completion of self-division in this animal, tin* 
products remain together, connected by a common gedatinous mass at their 
base exerted by tlnmiselves. Ily the repetition of the process again .and again, 
through a long series, the Ophrydia acammiilato in largo grt^enish masses, or 
polyparics, at times of the siz(j of the fist or even of the head of a man. Now, 
by compiiring the size of the individual Oplirydia (about 7 I j^tli of an inch in 
length) with that of the masses they form, “some estimate,” says J)r. Car- 
penter (The Microscope, p. 487), “ may be formed of the number included in tlu' 
latter ; for a cubic inch would conhiiii nearly eiylit ^nilliom of them, if they were 
closely packed ; and m.auy times that number must exist in the larger masses, 
oven making allowance for the fact that the bodies of the animalcules are 
separated from each othru' by their gelatinous cushion, and that the masses 



OF THE PBOTOZOA. — CILIATA. 


351 


have their central portions occupied only by water. Hence we have in such 
clusters a distinct proof of the extraordinary extent to which multiplication 
by duplicative subdivision may proceed without the interposition of any other 
process. These animalcules, however, free themselves at times from their 
gelatinous bed, and have been observed to undergo an ‘ encysting process ’ 
corresponding with that of the Vorticellhm, It is much to be desired that mi- 
croscopic observers should devote themsdvos systematically to the continuous 
study of even the commonest and best-known forms of these animalcules, 
since there is not a single one whoso entire life-hislory, from one generative 
act to another, is known to us ; and since it cannot be even guessgd at, with- 
out such Imowledge, what, among the many dissimilar forms that have been 
described hy Prof, hilirenberg and others, to bo aceounted as tmly di- 
stinct species, and wdiat are mere ])hases in the existence of othci’s that arc 
perhaps veiy dissimilar to tliem in aspect, it is obvious that no credit is 
really to be gained by the discovery of any number of apparently new species, 
which shall be at all (‘.oinparable with that to be accpiircd by the complete 
and satisfactory elucidation of the life-history of any one.’’ 

Gkmaiation (illustrated by XXVII. 1-4 ; XXX. 17, 27 , 29, 31, 33, 34).— 
This is the next process of multi jdication to be considcrcul. It has much 
analogy wdth fission, but is not nearly so widely diiliised, being rcstricti'd 
apparently to the families VorticelUna and Oiilirydina, that is, to attached 
species of Ciliata ; yet even among these it would sotan not to bo gcmeral ; 
for Stein has failed to observe it in the genus Opemdaria, In it a promi- 
nence forms upon the surface, mostly near the posterior extremity, and of the 
same granular homogeneous substance as the rest of the animal : a line of 
constriction soon displays itself, and gradually dee[)(nM, whilst the budding 
process incjrcasca in size and developes internal organs and external ap- 
pendages, until, being sufficiently ])erfe(*l(id for an isolated existence, it severs 
itself from the parent stock. The gemmm or buds thus ])roduced are much 
smaller than the parent, and, even when they have accpiired their largest di- 
mensions before separation, arc less than the new beings originating from 
selt-division. In every instance of fission the niudcais becomes divided be- 
tween the tw^o segments ; and some authors, as avo have seiai, hold the opi- 
nion that these share between them a portion of other pre-existent organs of 
the dividing animal ; on tlu^ other hand, in gemmation the bud is a mer(' 
offshoot of the general substance, containing no portion of any ine-existing 
organ — not even, so far as cun be seen, of the nucleus ; and consoijuently all 
the specially-organized parts arc developed in it de novo. If the docti iiitj of 
internal germs be admitted, then it may bo imagined that each g(Mnma origi- 
nates from one of these, w^hich takes on this external dii octitui of development. 

On completion of the gemma, we fihd that it rcserahlcs (except in Sj^yi- 
roclionn and Lngenophri/s) a comj)lctcly-contracted specimen of tin? parent 
animalcule, and possesses, in lieil of the usual ciliated whorl o7i the head, 
a posteiior ciliary w’reatli, whereby, when detached, it swims ficely awiiy, 
wdth the postonor extremity, hoAvever, in advance. It resomhles, therefore, 
in all respects the product of fission when separated from its fellow, and, 
like it, may either ]>rescntly attach itself, losing its ])osterior circlet of 
(;ilia, and acquire all the characters of its j)arciit — as well as, in pro(jt?ss 
of time, its dimensions, — or advance to a completely encysted state, prepara- 
tory to a process of development, or simply for the object of preservation 
from untoward extcmal conditions. The act of gemmation goes on alike in 
small and in large specimens. Stein notes its occurrence in Vorticellce of only 
jjj'" in length. 

A few illustrations may render the above account of gemmation more clear. 
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Speaking of this process in VorticeUtK, Stein (o/>. cit. p. 28) says, the interior 
of the knob-like process is quite homogeneous at first (XXVII. 1) ; but when 
it has attained a hemispherical shape, a crescentic cavity foims at its anterior 
part, from which the peristom, rotary organ, and alimentary tube are even- 
tually developed (XXX. 17, 27), just as hapiiens in the result of fission. 
Whilst this proceeds, tlie swelling acquires an oval or globose figiu’e, and 
the width of its attached base dwindles to a constricted neck or isthmus. 
The addition of acetic acid proves that no portion of the nucleus extends into 
it, but that tins organ retains its normal curved reniform figure. Stein here 
adds tlic rcynark, that no sharp lino of distinction exists between self-fission 
and gcmniation — that the latter may be looked upon as an act of unequal 
division, in which the whole organization has to be created, and not, as in 
fission, simply perpetuated ; or fission may be described as a variety of 
gemmation, one segment being regarded as a bud ; at least this view holds 
good in the case of transverse fission. Longitudinal fission consists in the 
fonnation of two gemmae, which subsequently involve the entire being. 8o 
also ill one sense gemmation does not always end in the production of a single 
bud ; for Vorticellw with two arc common, and occasionally with three, one of 
which is ready for detachment, whilst the other or others arc very incomplete. 

In Spirochona (XXX. 17, 27), which does not multiply by fission, gem- 
mation is very frequent ; and often two buds arc produced, one immediately 
beliind the other, the hindmost being first in development. Where two 
exist, the first-formed usually appeal’s on the side of the body at its widest 
I)art ; and the second forms subsciiuently in front of it, nearer the need. Ile- 
latively to the size of the parent, the bud is usually of greater dimensions 
than in Vorticellct, and may, by thnisting aside the head of the Spirochona, 
place itself in the longitudinal axis of the body. When the gemma com- 
mences to contract its base and to acquire the foi-m of an independent being, 
an opaque, sharjily- defined, homogeneous speck makes its appearance about 
its middle, or, rather, in front of it, which, by further develojimont, becomes 
the nucleus (XXX. 17), wJiilst a shallow groove dis])lays itself at its anterior 
tiTinctite end, and somewhat later is transformed into a curved and rather 
angular ciliated fissure extending some W'ay down one side of the body. 

In this so-formed gemma of Spirochona there is, therefore, a wide depar- 
ture from the nile observed in any of the VorticelUna and Ophnjdina, No 
posterior ciliary w’rcath is formed ; and the anterior ciliary apparatus, together 
with the head itself, is at first developed in a tcmiioraiy and rudimentary 
manner. AYtor moving about for some time by means of the ciliary antero- 
lateral channel, the free gemma fixes itself by its posterior extremity, by an 
adhesive substance, or occasionally by a sliort stem ; and then the miposite 
sides of the ciliated furrow^ approximate, and coalesce behind, wdiilst^li front 
one edge rises above the other (XXX. 19), and soon forms a spirally-con- 
voluted membrane, wdiich becomes clothed wdtli cilia replacing those of 
the old furrow, wdiich are absorbed and disapi>ear (XXX. 29). This growth 
into perfect Spirochonm does not happen with all gemmae ; for some assume a 
quiescent ijondition, become encysted, and, if Stein be right, are ultimately 
converted into very peculiar Acinetiforni beings — the Dendrocometes para- 
doxus (XXX. 23). Before encysting, the cilia cease to play, and disappear ; 
and very soon the furrow itself (doses up. When enclosed within the trans- 
parent but firm capsule, nothing but a fiiicly-granular homogeneous substance 
appeal’s, containing the peculiar nucleus, wdiicb, hoMX'ver, reijuires the action 
of acetic acid to display it (XXX- 21). 

The process of gcunmation pre^sents several peculiarities in the genus La- 
genophrys, due mostly to the peculiar connexion between the enclosed ani- 



OF TUK PROTOZOA. — CILIA TA. 


35;i 


malcule and it^s .sheath. The mle seems to be that two or four gcminm aro 
produced witliin the sheath at the same time (XXX. 29, 34) ; but since 
Stein had never encountered four, and very rarely three, gemmae upon any 
animalcule, the idea crossed his mind that these small buds of Lagenoplirys 
miglit perhaps be embr^-os developed within the interior, and subsequently 
discharged. AnotlKu* explanation was possible, viz. that they were animal- 
cules which had found their way into the sheath, and were quite foreign to 
it. However, both these hypotheses are set aside by the liistory of deve- 
lopment and by the characters of the beings produced. The process consists 
in the enlargement of the posterior extremity (XXX. 33), or of a part of the 
side of the Lagenophrys, and the i)rogressivo detachment of the enlargement 
as a segment or laid, and simultaneously the production of a band-like nu- 
cleus and contractile vesicle ^^uthin it. This stage being so far complete, the 
gemma does not proceed to dovolopc into the fonu of the parent animal, but 
,sclf-tission takes place, and two similar ovoid bodies, each with it.s contractile 
vesicle, is the result (XXX. 20). When the constriction of the single gemma 
arniounces approaching fis.sion, a circlet of cilia appears on ea(di side of it 
(XXX. 31); and on the completiouof the process, each segment has a conical 
licad surrounded with a wreath of cilia. 

From tins mode of production in pairs, the number of gemmai within the 
sheath of Lagenoplirya should always ho two or a multiple of two ; hence, 
when three arc seen, it is to be presumed that one has previously made its 
(\scape. From the j^ecmliar way in which the body of the Lagenophvys is sus- 
pended by its attached peiistom to the orifice of the sheath, it is (dearly im- 
])()ssil)le that anything can directly'' either make its entrance into or its escape 
from the animal, without rupture, of which we have no indication. The way 
in which this impedijnont is surmounted is, on Stein’s authority^ hy^ the sudden 
contraction of the body of tlie Lagenophrys ru])turing the adhesion of the 
peristom to the orific(^ of the sheath, and by its subsequent retraction within 
it (XXX. 31). In tills manner a free exit is afforded to <iny contained 
gcramro ; and after a certain time allowed for their pa.ssago, the anterior pait 
of the body again enlarges itself, and roassumes its adhesion to the sheath. 
After their exit, Stein has no observations to show what hccomcs of them ; 
but his idea seems to be that they do not produce a sheath until nearly 
arrived at maturity, since they are so mucdi smaller than the least of the 
sheathed examples to he met with. 

If this account be correct, the gemmation of Lagenoplirya is actually a 
(‘ompouiid process of budding and fission, whilst the resultant . beings differ 
widedy from those of other VorilceUina in all details, and are so veiy abeiTant 
in form from the parent, that they require to undergo a metainoiphosis before 
they gaife it. 

Dfvklopment from Ova. Txterxal Germs and Embryos. — Although the 
reproduction of the Ciliated Protozoa is so largely provided for by the two 
processes of fission and gemmation as just described, it is even more 
marvellously’ so by their iiossession of true generative function.s — a fact 
(dearly’ established by the lat(?st observers, althoiigli denied by, Siebold, 
Kblliker, and others some years since, when the unicellular hypothesis 
of Protozoic life militated against the notion of the existence of internal 
ova or germs. Even now, indeed, when w’e look to the researches disclosing 
to us the development and discharge of gei-ms and of living embryos, we find 
diverse and contradictory statements concerning both the antecedent or pre- 
paratory^ acts, and the final results. We cannot attempt to reconcile these 
discrepancies, but ’will record the principal opinions of naturalists and the 
observations on which they’ aro based. 
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In a previous page wo have stated the views of Carter and Perty, relative 
to the existence of ova or germs in the interior of Ciliated Protozoa, and 
have rejected them as unsatisfactory. Fui'ther, when wo come to inquire 
the process of development of the presumed ovules, their mode of exclusion, 
and other particulars ncccssai'y to complete their history and even their 
identification, wo find that those natur^ists have no direct observations to 
adduce, but can appeal only to analogy and to some casual and unconfii’med 
observations of others. For instance, Mr. Carter, when treating of the develop- 
ment of ovules, appeals to the process in Spongilla and Eiirflyphay and endea- 
vours to make out that, with some modifications, the ovules of EuglencPf and pro- 
bably those of all the llhizopods and Astasice, have a similar mode of generation. 

Perty, likewise, unable to advance any direct proof of the existence 
of ovules and of their discharge, appeals to Eckhard’s observations on Stentov 
ccerulem, w'hich Oscar Schmidt repeated and generally confirmed, in the 
recorded obseiTation of Eckhard (^. N. //. xviii. 1846), three or four 
globules, in different stages of development occurred in the interior of the 
Stentor in a row (XXIX. 8 13): — “ Tn the first stage, the Contents of the 
globules, consisting of minute granules, exist most imperfectly developed ; 
but few granules at present occur, and the globule, when it lies in the 
body, is not very distinct, on account of the granular parenchyma of the lat- 
ter. Tn the second stage of development (fig. 9) the granules appear mort? 
numerous, the contents arc therefore more concentrated, and the globules 
can then he very distinctly observed in the body. Fig. 11 shows tlie third 
stage ; granules commence arranging tliemsclvos in a row’ Or, as some- 

times hai)pens, they appear grouped in the same manner at two spots. The 
granules thus arranged and closely pressed together, blond into a glandular 
but clear organ (fig. 12), in which the granular structure cannot be any longer 
detected ; frequently it is also divided in two parts. Lastly, in the situation 
of the transparent glandular organ a row of cilia appears, evidently the mouth 
(fig. 13). Whether this organ is fonnod immediately from the fonner, 1 
have not been able to ascertain with certainty ; yet that it is so, is extremely 
probable, since on the one hand the row of cilia occurs in the situation of the 
bright gland, whilst, on the other hand, in all the germs which exhibit this, 
the former organ is absent. Simultaneously with the development of the 
mouth there appear one or tw’o clear vesicles (fig. 13). On the 18th of 
May I observed in the interior of St, cccnilcus a germ as in fig. 12; I saw" 
the cUia very distinctly in motion ; the vesicles w’ore, how"over, still absent, 
and they did not escape on this occasion. On the 2l8t, I saw the perfect 
form (lig. 13), w"hich issued out, w^hilst the parent animal sw^am aw"ay. I 
now' attentively jobserved the young one to follow up its further changes, 
perhaps the bursting oF the carapace ; l)ut I wais obliged to leave ofi* Watching 
it in half an hour, as I could not vouch for the accuracy of further observa- 
tion on account of the strain upon my eyes. On the 4th of June I saw a 
germ escape, as in fig. 13: it differed from that obseiwed on the 21st of 
May ; for, being at first round, it at once exhibited an incuiwation at its lower 
extremity — ^an appearance frequently obsci’ved in young Stentors, sometimes 
in old ones, when they contract from the elongated form to one more or 
less rounded. I have subsequently once seen the escape of a similar germ ; 
and it appears to me that the true point of maturity is that at which vesicles 
begin to bo visible. In Stenfor polymorplim I have observed two such 
globules, but I have not succeeded in seeing any perfectly formed escape. In 
autumn I have often sought for the recurrence of this phenomenon, but have 
never been able to observe it so perfectly as in the spring', although similar 
globules are not rare in the later parts of tlie 3'ear.” 
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Fj-om tlic ijcrusal of this account, the thought arises, whether, instead 
of proving the existence and progressive development of internal ovules or 
germs in the sense Periy adopts, it is not another illustration of embryo-de- 
velopment by a sort of gemmation or breaking up of the nucleus, such as the 
researches of Cohn, Stein, Lachmann and others have made known to us, and 
conceiTiing which we have now to speak {see Balbiani’s researches, p. 329). 

The development of the nucleus into embryos takes place under different 
circumstances and in a varied manner in different genera of Ciliated Protozoa, 
[t may occur either without the previous encysting of the animalcule, or after 
this process is completed. Again, in the latter condition, and without ulterior 
change or metamoiphosis, either a few active embryos, or somo encysted 
germs, may bo the result, or the whole nucleus may resolve itself into a 
brood of monadiform beings, or, lastly, according to the views of Stein, tho 
encysted animal may be metaraori)hoscd into an Acinetiform being, out 
of which embiy’'os are developed diverging in character more or less com- 
pletely from the original ciliated Protozoon, to which, however, they eventually 
recur. The development of embryos without the previous encysting of the 
aidmalcule has been followed out by Fockc, Cohn, and Stein in Nassula and in 
Paramecium {Tjoxodesy Cohn) Bursaria (XXVITT. 10-14, XXTX. 28 to 34). 
A portion of the nucleus is separated by fission or by an act of gemmation, 
and constitutes a more or less orbicular body, in which a nucleus (XXIX. 34), 
and then a contractile vesicle, shortly declare themselves (XXIX. 29). 
Fockc surmised that the so-called nucleolus originated this germ, which then 
found, as it were, a lodgment and nutrition in the nucleus as in a uterus {see 
Balbiani, p. 329) ; but Stein affirms that this body has nothing to do with the 
origin of the geim, and is frequently to be seen separated and removed to some 
distance from the nucleus (XXIX. 29). In appearance the disk-like germ is 
finely granular, paler than tho nucleiLs, and not surrounded, liko the latter, 
with a special membrane. Cohn represents it as existing in a distinctly 
limited cavity, prolonged to the external surface as a tube or oviduct, and 
terminated by a two-lipped orifice, through which the embryo makes its exit 
(XXVIII. 11, 12). According to Stein, however, no such duct and external 
orifice have an existence, excci)t tcmporaiily, during the passage of tho germ, 
or germs when two or more follow in succession. This assertion of Stein 
is supported by Cohn’s own observation, that the point of extrusion varied 
in different individuals in its position, being at one time at the mid^e, 
at another above it, at a third below it, and, as the rule, on the left side, 
although as an exception on tho right side or even towards the anterior 
margin. The act of birth occupies about twenty minutes ; and when the 
embryo is about to escape, it exhibits a vibration on its surface, which caimes 
a motion in the surrounding water and hastens its detachment. This motion, 
after continuing a short time, ceases, and the little being attaches itself to tho 
exterior of tho parent (XXIX. 30). The chasm produced in tho parent 
during the extrusion soon closes up, and leaves no trace, except, it may be, a 
slight hollow in the surface. The embryo has an elongated fissure, is rounded 
at each end (XXIX. 30), and frequently rather contracted at its. middle ; 
internally it is finely granular and colouiicss — not greenish, asFocke asserted — 
and contains, besides a darker nucleus, one or two contractile spaces (XXVIII. 
14). Cohn could discover no mouth; but Stein displays in his figure an 
oblique fold or groove (XXIX. 30), which may possibly represent the oblique 
funnel-like vestibule of the mature Paramecium, The vibratile movement 
visible about the surface indicates ciliary action ; and if the embiyo be killed 
with iodine, the "presence of long cilia is demonstrated. StiU the most 
peculiar feature in the new'-bom animalcule is tho possession of several soft 
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tentacular processes at each end, surrounded by small knobs, recalling in 
figure the knobbed tentacles of some Acinetina (XXVIII. 14, XXIX. 30) ; 
by means of these tfce embryo secures its hold to its parent. Such pro- 
cesses are not present in all specimens, and arc therefore non-essential ; or 
it may be they have disappeared by withdrawal into the general substance 
of the body. 

The embryo once freed from its parent, commences an independent existence, 
moving freely about in the water — ^much more similar in figure and structure, 
however, to some of Ehrenberg’s Cyclidinu or to Diijardin’s Ktichelyens than 
to Paramecium, Cohn notes its affinity with the Cyclidium maryaritaceum^ 
or to the Pantotrichum Enchelys (Ehr.), and also with several species of 
Dujardin’s genus Emhelys {Cyclidium Ehr.). 

Cohn adds that, in his opinion, several embiyos are developed simultaneously, 
and that, where only one or two arc found, others hjwe already escaped, lii 
some instances he lias noticed as many as six or eight in pi’ocess of develop- 
ment, and, it would seem, in almost precisely the same stage, although their 
bii-th is successive. Further, besides these normal embryos, he has fre- 
quently witnessed the esca])e of others having a globular figure, clothed with 
cilia and furnished with tentacular processes and a contractile vesicle. 

During the act of bii-th, the pulsations of the contractile space of the 
parent are unintei-ruptcd, and the rotation of the contents is arrested until 
eveiy' germ has escaped. Another curious fiict is, that the birth of embryos 
may proceed as usual even whilst the act of fission is taking place in the 
parent animal. 

The further history of the free embiyo is not known; yet, in all pro- 
bability, it is ultimately transfoimed into a perfect Parameciumy — an event 
which, from its figure and structure, ensues readily and perhaps without more 
than one intermediate ifiiase. 

Judging from the above details, it is probable, ns before remarked, that the 
development of embryos in Stentor ccervlens (XXIX. 8) recorded by Eekhard 
{supra, p. 354) was a precisely similar phenomenon to that just described in 
Paramecium ; and it is clear that the like obtains in Stentor polymorphiis, in 
an Opalina or Bursaria noticed by Siebold (probably the Bursar ia Enfozoon 
Ehr., parasitic in a frog), in Urostyla grandis, as mentioned by Cohn, and in the 
animalcule which we conceived to bo Trichodina pedicuhis {A, N. If, IS lti, 
hi. p. 2G9). 

Since this was written, the indefatigable labours of Cohn have added 
another instance; of this endogenous mode of development, in Nassuln 
elegans {Zeitschr, 1857, p. 143 ; XXVTII. 11—14). This animalcule possesses 
an elliptic nucleus, liaving its nucleolus lodged in a fossa near one end, and 
surrounded by a vesicle, just as* in the Paramecium Bursaria, Among 
many specimens, Cohn found several having a large, elliptic, hollow space, 
evidently limited by a membranous wall. Where this space approachccl 
nearest the external surface of the animalcule, this was depressed in a cup- 
like form, and from its centre a canal or fissure (XXVIII. 11 /) penetrated 
the interior of the space, where were two, never more, largo globules, 
in diameter (XXVIII. 11 d). After a longer or shorter delay, these gloDules 
escaped and appeared motionless, without colour, but granular, and having a 
central nucleus and an excentric contractile vesicle. As in the instance of the 
germs of Paramecium Bursaria, no cilia, but a few short, knobbed, radiating, 
tentacular -looking processes (XXVIII. 14), were visible on the surface. Lastly, 
Cohn noticed the formation of these germs in animalcules recently produced 
by self-fission, ^nd which had attained only one-half their iformal dimensions. 

The development of an embiyo within an encysted animalcule is illustrated 
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in Stem’s history of Chilodon Cucullulus (op, cit, p. 134). At a preceding page 
(p. 342) we have given an abstract of the mode of encysting of this animal, and 
have stated that the capsule remains gelatinous and soft. Inside the cyst, 
Stein discovered an actively-moving embryo contained within a special cavity 
(XXIX. 64-56), occupying precisely the spot where in other encysted Chilo- 
dom the nucleus is found, viz. in the diagonal lino connecting the two oppo- 
site contractile spaces. The embryo had an oval or ovate compressed figure, 
with one side straight or gently curved, and the anterior oxti*cmity notched. 
Its entire surface was covered with longitudinal, widely-separated rows of 
unusually long cilia, in incessant motion, which turned it in a sj^iralor vermi- 
cular manner. Pressure on the cyst caused its expulsion (XXI X. 59), cither 
alone or together with the substance of the parent-cyst, to '\\'hich it always 
remained adherent. This embryo, Stein concludes, is derived from the nucleus. 
Many cysts may be met «with in which the nucleus is replaced by a much 
larger body, having a different consistence, opatpic and motionless, and 
possessing in all rcsj)ccts the outline of a germ. On pressing it out of its 
place, its surface is seen to be not quite naked, but to have short, stiff, and 
imperfectly- developed cilia at one end or entirely around its margin. 

Since the embryo occupies the site of the nucleus, it might at first sight 
be supposed that the latter was wholly transformed into it; but analogy 
leads us to the contraiy inference, that the nucleus, although obscured from 
view by the internal genu, is nevertheless present ; and this conclusion is 
further supported by the fact, that a successive development of embryos goes 
on until the entire contents of the cyst are used iqi in there formation, an 
event that docs not occur without the influence of a nucleus. 

Stein declares the enibiyo (XXIX. 59) to be pi’ccisoly similar to Cijdxdium 
irlaucohut^ both in figure and movements. Its size varies with that of the 
animalcule producing it ; and individuals of till sizes may undergo tho 
encysting process. The smallest cysts met wdth were in length, and 
their embryo not more than ; the largest and their embryo from 
riV" to liV" 5(i). 

A remarkable circumstance happens in the case of some encysted CMlodons, 
even after they have given birth to one or more embryos, — viz. that they 
seem to emerge from their quiescent state and resume their active form. For 
instance, Stein met with cysts containing a freely-moving Chilodon, together 
wdth an active embiyo, both which ultimately escaped by an aperture in 
their \valls (XXIX. 58). This revivification of the ciliated Chilodon as above 
referred to, is urged by Stein as an argument to prove that the cilia arc not 
lost or dcstroycMt when encysting takes idacc, but probably merely closely 
compressed against tho surface. , 

Another variety of development of gerfns within an encysted animalcule 
is seen in Golpoda Cumllm (XXIX. 35-47), which we havii described under 
the head of “ Fission,” since tho formation of the germs is the conscquenco 
of sclf-divison of the whole animal cither into two or, as a rule, into four 
segments, wliich themselves become individually encysted, and present their 
own nucleus and contractile si)aco. This jdun of development exiUains the 
occurrence of very small encysted Colpodm, 

It was in this genus that Ehrcnberg conceived he had made out very 
clearly the hcrma])hroditism and cyclical development of Folygastrica.” 

A third way in which tho encysting of an animalcule is made to serve the 
process of development is by the resolution of the nucleus into a multitude 
of minute segments, each eventually assuming an independent animal ex- 
istence. This formation of what may be called brood-cysts, occurs, as 
shown by Stein’s later researches, in VoHicella microstoma (XXIII. 10-14). 
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Among cysts of the usual form and dimensions, are some in which a sac, not 
uniformly adherent to the inner surface of the capsule, contains from two to 
eight, or, more generally, from foiu' to six, oval or reniform secondary sacs, 
irregular both in position and size (XXIII. 10, 11), and containing a dull and 
line or coarse granular matter, within which, again, is a clear (contractile ?) 
space, but no nucleus is discoverable even when acetic acid is added. Pre- 
sently these vesicles elongate, and, becoming flask-shaped, protrude their 
necks through the enclosing sac and the cyst-wall (XXIII. 12, 13), and 
proceed to discharge their contents (XXIII. 14) through their open extremi- 
ties ; after which, they corrugate and wither. The discharged matter is 
composed of a mass of raonadiform coipuscles united together in a globose 
gelatinous mass, the whole of the organic matter filling the cyst being used up. 

A precisely similar act of propagation Stein also witnessed in an encysted 
Vorticella nehulifera, Cienkowsky {Zeitschr. Band vi. p. 381) also reports 
its occurrence in Nassulu vindis, Duj. (XXVIII. 65-71); according to this 
author’s researches, the contents of the cysts of Nassula vindis break up 
into a number of globular cells (XXVIII. 68-70), which soon partake of a 
certain degree of rotating movement among themselves, develope in their 
interior a multitude of what lie tonus swann-spores, and at a certain period, 
when mature, severally produce, in turn, a tapering neck-like tubular process 
(XXVIII. 68, 69), which perforates the softened cyst-wall and gives exit 
to the spores or germs (XXVIII. 71). This account tallies with that given 
by Stein of certain Forticella-cynta. Lachmann has the following remarks 
on this topic (A, N, II, 1857, xix. j). 238): — It was only in his most recent 
obseiTations on Vorticella microstoma , that Stein saw the production of larger 
globules, ‘ daughter- vesicles’ (Tochterblase^i), in the interior of the mother- 
vesicle ; but previously ho had seen nothing of the kind : it must remain 
uncertain whether ho had overlooked them, whether, instead of several 
globules, only one vciy large one, entirely filling the mother- vesicle, had 
been produced, or whether tu'o different modes of development actually 
occur in this case. This is the only mode of reproduction of the Infusoria 
which has hitherto been observed in encysted animals alone ; but some ob- 
servations made by E. Claparedc and myself upon an undcscribed vagini- 
colous Infusorium, indicate that encystation is not a nccessaiy condition 
even for this mode of propagation.” 

The last plan of generative development to be considered is that wherein, 
according to Stein’s hypothesis, the encysted animalcule undergoes an actual 
metamorphosis, and subsequently, as a iTile, produces an embryo which, 
although very dissimilar to the original ciliated animalcule, is nevertheless 
presumed to be convertible into it after x>assing tlirough one or more trans- 
itory phases of existence. 

This cycle of life, or, according to Steenstrup’s hypothesis, this ** alterna- 
tion of generation,” in the gcneiutive acts of ciliated Protozoa, Stein has 
most diligently sought to establish as a fact, but, in the opinion of most of 
the best naturalists, has failed so to do. Still the hypothesis is too curious 
and interesting to be omitted from our description, and, what is more, has 
been adopted as true by several observers. It will therefore be best, first 
to set forth Stein’s own account, and then to add the remarks and objections 
of others. 

On some of the branching stems of Epistylis plicatUis, and of E, nuiam, 
Stein encountered not only the ordinaiy animalcule in full activity and in a 
contracted state, but also some pear-shaped bodies, presc^nting merely the 
ordina^ nucleus and a contractile space, without mouth or any remnants of 
the alimentary tube or of food. On other branches, dgain, were otlier 
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bodies hiiving the figure of Acimtce, ^mishcd with tentacles slightly move- 
able and more or less retractile (XXVII. 17, 18, 19, 20). These Aeineti- 
form beings were noticed and figured by our countiyman Baker a century ago ; 
they, moreover, did not escape the observation of Ehrenberg, in the allied 
genus but were regarded by him os parasitic animalcules. 

On another occasion, Stein 'met w'ith a stem of Epistylis plicatilis bearing 
some thirty AcincUn, differing among themselves very much, both in size and 
in their stage of development. Each was supported on a branch presenting 
the characteristics of this species, but smaller in dimensions, ahd tapering 
from the base of the Acinetiform body (where it had the usual thickness of 
an /i^/if<yZ/5-stalk) to its junction with the stem below. The length of the 
branches also varied greatly, being in some instances not quite so much as that 
of the body they supported, in others twice as long ; however, there was no 
proportion between the length of the stem and the size of the body. Most 
of the Acinetce had a smooth surface and no tentacula ; they were of a pyri- 
form compressed figure, and contained a cotu'sely granular and homogeneous 
substance, tw'o or three iiTcgularly-placcd contractile spaces, and a central 
nucleus having either the normal horse-shoe- or an elongated oval shape. 
Where the AcineUti had tentacles, these processes Avere few and small, and the 
surface of the body thrown into iiTcgularities by its contractions ; their nuclei 
were either roiuid or oval. These Acinetce exhibited no movements, except 
some slight ones affecting the tentacula. W’^ere their anterior extremity un- 
folded and their tentacles outspread, they would assume the figure presented 
by tliose described in the first observations on this species, whilst the closed 
pyriform bodies wore precisely alike. 

The furtlier developmental history of this particular Epistylis could not be 
followed out, and to arrive at the purpose of its -<4c/ae^rt-metamorphosis, the 
research was extended to other species. A i)articulnr fonn of Achuta occurs 
in company with Epistylis digitalis^ which Stein concluded to bo derived from 
it by a similar process to that presumed in E. plicatilis, although the Acinetce 
were isolated and seated on short pedicles. At the anterior part of each 
Acineta, amid the largo granules crowding the homogeneous contents, were a 
contractiJe space and, in many specimens, a moving cmbiyo having a cylin- 
drical figure, rounded at each end and narrower in the middle, where several 
zones of long cilia, in apparent folds of the surface, surrounded it. In ge- 
neral characters it would, as an independent organism, be referable to the 
genus Tricliodhia, and is probably no other tlian the T, vorax or T, gran- 
dhiella, Ehrcnberg. Tljo embryo escaped through a temporary opening, 
which closed very speedily afterwards, leaving the animal ai^parently unin- 
jured ; moreover the tentacles, which are retracted durii\g the birth, were 
again outstretched. The conclusion arrived at is, that the Acineta-QondiiioTi 
is specially provided to carry out embryonic development, and that in so doing 
the Acineta gradually exhausts itself. 

Stein’s first impression was, that the embryo resulted from the develop- 
ment of the entire nucleus, and that this organ was formed anew from the 
general contents of the Acineta*, however, later researches lead be- 

lieve that only a portion of the nucleus is concerned in building up the em- 
biyo. No particular season seems devoted to this Acineta-tojjmiiion, since 
Stein has observed it from the middle of March through the whole sum- 
mer, and in fewer instances until December ; moreover, embryonic gene- 
ration is not restricted to any particular size of Acineta, but occurs in all 
except the vciy smallest ; nevertheless the embryo is smaller proportionably 
to the decreasing size. Active embryos wore seen in Acinetce of only 
the germ itself being only 
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Besides the cysts and Acinetce supported on branching E^istylis-hii^mfK, 
Stein found others attached separately by very short stalks, or nearly sessile ; 
these, his observations go to show, are probably derivable from the beings 
produced by fission or gemmation, which have detached themselves from the 
parent-stem in the strongly -contracted or partially- encysted condition, and, 
on afterwards fixing themselves, proceeded cither to complete their encysted 
state or to assume the AcinetifoiTQ condition. 

Another set of beings Stein is disposed to introduce in the developmental 
histoiy of Bjiistylis diyi tails, in the shape of miniature branching Vorticelihia. 
The branches are dichotomously disposed, very slender, short, and rigid. 
Seated at the extremity of each is a small campanulato being, with a stiff 
bristle proceeding from cacli angle of the base (XXVII. 22, 23). Internally 
they are finely granular. They exhibit slight changes of outline and jerking 
movements upon their stalks ; they, moreover, can detach themselves and 
swim freely away like a detached Epistylis digitalis, and may sometimes be 
seen to affix themselves again by their base and produce a i)edicle. Those 
beings, whether derived from E, digitalis, or from Carcheslam pygmamm — 
for they occur in company with both those animalcules, — their discoverer 
Avould regard Jis their earliest phase of development, and believes tluit not 
improbably similar miniature beings belong to all the i)edieellate VortlceUlna. 
'rhis notion involves no great str(^tch of the imagination ; for there is no extra- 
ordinary mctamori)hosis necessarj^, and we may throw out the suggestion tliat 
such minute VortlceUlna arc developed from the monadiform contents of the 
brood-cysts. 

To take another iUustraiion of Htein’s hyjiothcsis from the allied genus Oper- 
cidwda — the 0. berherina. Direct observation is wanting to identify the Aci- 
mta as belonging to this Opercularia, except so far as contiguity on the same 
filament of a plant or on the same member of a marine animal, and their frequent 
occurrence, bo allowed to have weight. Stein argues that the conversion of an 
encysted Opercularia into an Achuta is readily conceivable, by reason of their 
congruity of form and the existence of intermediate phases, whilst, on the con- 
trary, the transformation of the ciliated embryo into an Aclneta, without first 
passing through the intervening stage of an Opercularia (a change easily 
imagined), is a circumstance scarcely probable : on similar grounds ho w'ould 
associate the pear-shaped Achuta, having a ramified nucleus (XXX. 3, 4), 
with Opercularia arliculata (XXX. 1), as a phase of existence inteiposed 
between it and its embryonic stage of a free ciliated animalcule ; but his 
developmental history of VorticeUa microstoma is by the most elaborate, 
(dthough much too long to present here except in abstract. 

His first stop jn the investigation of this species was the illustration of 
the act of encysting (XXVII, 5 a-d) in its widest range, and the next, 
to identify certain globular cysts, found in company with the Vortlcelhe, with 
the cysts of those animals. These cysts were about in diameter ; they 
had a clear double outline, and contained a homogeneous, transparent, colour- 
less and granular substance. In most, the characteristic band-like nucleus 
and cqntigctile space were visible, together with, in many specimens, the in- 
voluted ciliary apparatus and oral cavity, looking, as a whole, like a fissure 
at the anterior part of the cyst (XXVIl. 7, 9). In other cysts, again, nought 
<roiild bo discerned save the nucleus and the contractile space, sometimes di- 
vided (XXVII. 1,8); and lastly, in othei-s, all distinction of organs was lost, 
the nucleus being the last to disappear (XXVII. 9). 

Stein considered, at first, those peculiar capsules to be connected with the 
process of reproduction, and, from meeting with torn cmp£y sacs, supposed 
that the interior w’as broken up into germs which made their escape through 
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the walls. With this interprotiition, however, he was not satisfied ; and at 
tho same time his attention was aroused to the circumstance of Vorticellce 
occurring so frequently in company with Actinophr^s and Podophrya, and to 
that of the increase in the number of the one as that of tho other decreased. 
He therefore applied himself to watch the changes going on in tlic cysts de- 
scribed, and at length satisfied himself of tho intermediate changes in their 
transition into Actinopht^ys or Podoplirya — two varieties of the same animal- 
cule, in his opinion, and not two genera, as usually rej) resented. 8tcin was 
brought to the conclusion that this transition takes place, by comparing Podo- 
phryoH at an early stage of development with metamorphosed Porttcella-cysts. 
Amow^ Podopliryce of the common form, examples occurred having their usually 
wide rounded capsule produced into a hollow funnel-shaped pedicle, and thrown 
into annular folds, alternating with acute, parallel, angular ndges (XXIII. 
*3). Most of these individuals were unarmed ; but some had numerous capi- 
tate tentacles. On the other hand, old Vorilcdla-cy^ii^ were found in wliich the 
inclosed animal had detached itself from the cyst-wall, and become thrown into 
sinuosities and elevations, llie latter of which pressed against tlie.wall, threat- 
ening to nipture it. These and the above-described Podojdiryw Stein supi)oscd 
to merge into one another. Tlie leading changes noticed in the encysted 
l^orticelkn consisted in the disappearance of the nucleus, in the multiplication 
of the contractile spaces, and in tho detachment of the contents from the 
walls of the cyst (which they no longer completely filled), and their disposi- 
tion into irregular and changing lobes. Thus far, in detecting such Vorttcella-- 
cysts, 8tcin imoccods by direct observation ; but his next step is simply hypo- 
thesis, viz. Hupi)osing their contents to shoot out tontacula through the dense 
capsule, and assume the figure of Acthoplirys or of Podophrya (XXII l. 1, 2, 
4, 18, 19). That the metamorphosis should at one time ho into tho one ge- 
neric form, at another into the other, he endeavours to explain by assuming 
that where no resistance is bffered on any side to tho developing Actino- 
phryan, it assumes tho form of an Acthioplirys, but where resistance occurs 
at one point, it there developes a stem and becomes a Podophrya, To coun- 
tenance his hypothesis further, he appeals to the great similarity between 
the Acinetce met with in comj)any with Vorticella neb all f era on duck-wcod, 
and Podop1iry<e — so great, he saj^s, that when the former are detached, it is 
difficult to know them from Podophryce, 

Cl ranting thjit the history of metamorphosis is thus far complete and 
satisfactory, it remains to show what becomes of the Actino2)hryans thus 
transformed from the cysts of Portlcelhr, and to re])ly to tho question whe- 
ther they originate a generative act. At the outset of this in(iuiry 8tcin 
finds himself at variance with Kblliker and others rcaj^cctjug the structure 
and vital endowments of Actinophrys, ' The Avritcra referred to state Acti- 
nophrys to receive food within its interior, to excrete undigested mattei’s, and 
to exhibit certain [mwers of locomotion ; these peculiarities Stein ignores, and 
insists on identifying the Acinctiform beings he has encountered with Actino- 
phrys fSoI and Podophryajlva, which, he affiiTns, give birth to a ciliated embryo. 

This cmbiyo, he asserts, is jiroduced Avithin a defined cavity, so far Jiarger 
than itself that it can move Avithin it (XXIII. 2, 4, 5). Its figure is pear- 
shaped with a central constriction, and seA^ral folds occupied by cilia ; and 
it appears composed of a finely-punctatc sarcode, containing, in the axis of 
its posterior and larger segment, an OA^al or band-like nucleus, and near 
to this a circular actively-pulsating space, and occasionally, on the other 
side of the nucleus, a second smaller one. No mouth could be detected. 
The being, as a whole, very closely resembles a detached gemma of Vorticella 
microstoma, into which it can be Aery easily conceived to be changed, on fix- 
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ixLg itself by its anterior end and then developing, in its larger and hitherto 
posterior segment, a mouth and ciliary wreath. 

After lively rotary movements within what might be called its uterine 
cavity, the embryo escapes with a sudden bound, and gains a free, active 
existence. The passage by which it has made its way through the substance 
of the parent Actinophrys continues for some time open, but is gradually 
closed up from behind. The size of the embiy’^o is proportioned to that 
of the parent, and varies between jh)"' diameter of the 

smallest parent being in which a mature germ presented itself, scarcely 
exceeded 

One other instance will suffice to illustrate Stein’s hypothesis of Acincti- 
form transformation. The one avc select is the Vaghiicola crystalUna, which 
that author attempts to show becomes, by a motamori3hosis, Acineta mystacina 
(XXVII. 10-15). Out of a large number of specimens contained in a 
vessel of water, few could be found at the end of fourteen days, the place 
of the great majority having been assumed by Acinetina. This occurred 
even when great pains were taken to isolate a certain number of Conferva- 
filamcnts richly covered with Vaginicolcp, and to place them in pure spring- 
water, so as to avoid the introduction of other colonists. That the Acineicc 
were derived from the Vaginico/(e, a com 2 )arison of the structure of the two 
will indicate. The contracted body of the Vaginkola may be recognized in 
the Acineta detached from the bottom of its sheath and raised to the uiiper 
2 >art, which it comi^letely fills, — the mouth of the sheath havmg previously 
been bent inwards over it as a cover, and a layer of gelatinous matter j)oured 
out to bind the two together. The outermost parts of the roof-like cover 
lirojcct freely above this layer, and are traversed by several radiating folds or 
fissures. The clearest notion of the transformation eftectod is obtained when 
we can look down upon the top surface of the capsule, by getting the axis 
perpendicular to the eye. 

The contained body is closed in on all sides ; and its contents are substan- 
tially the same as those of the body of the Vaginicola (XXVII. 12), with 
numberless fine granules, and sometimes with a preponderating number of 
large granules scattered through them, rendering the body opaque and of a 
greyish-yellow colour. There is likewise a similar round contractile space ; 
but instead of a band-like nucleus, there is a rounded one. This difference 
in respect of the nucleus is not im 2 )ortant, inasmuch as its length varies 
greatly in Vaginicola according as the animal is extended or in a contracted 
state, — ^being in the latter much shoi*tcncd or merely elongated-oval, whilst 
in the former its length exceeds two or three times its width. Hence it is in 
no way remarkable that, in the very contracted condition of the encysted and 
Acinetiform state, the nucleus shoifid be veiy much shortened and rounded, — 
a change which analogy, indeed, with various encysted animals would lead 
us to anticipate. 

From the upper surface of the encysted body very many bristle-like 
tentacles wdth knobbed ends arc given off, which penetrate the gelatinous 
layer .through the fissures in the cover of the sheath, and outspread them- 
selves in a radiating manner. These tentacles are for the most part straight, 
and slowly extend and retract themselves in length. Pressure causes their 
contraction, and huddles them together ; but they are not entirely withdrawn. 
Some smooth Acinetiform specimens are met with, which may bo considered 
to be in an earlier stage, and similar to the incomplete Acineta of Epistylis 
plicatilis. 

The origin of the Acinetce from Vaginicola is further substantiated by the 
relative dimensions of the two. Thus Vagmicolce were found on Confervas 
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having sheaths betwixt and in length ; those most common were 
from yV" wq" length and in width. The height of the cap- 
sule of the Acineta was from to and its w’idtli not much loss. 

Moreover, intei-mcdiatc pluises between Vagimcola and Acinetbui were met 
with, — as, for instance, capsules occupied anteriorly by the contracted body, 
which still exhibited, upon being moved up from the bottom of the case, 
the posterior annular fiuTow and traces of the ciliaiy wreath previously 
existing, and had its anterior half enveloped in a gelatinous lamina, uniting 
it to the inner surface of the sheath, which was at one time more, at another 
less, incurved upon the animal, but had as yet not been convei-ted into the 
peculiar peiit-house-liko cover. 

The metamorphosis, therefore, of a Vagintcola into an Acineta may be 
thus explained. The animaciile is in the lirst place contracted in the ordi- 
nary manner ; it then developes its posterior furrow and ciliary wreath 
(XXVIT. 11), and, detaching itself from the bottom of its sheath, rises to the 
upper part, which it entirely fills and closes up. From this time the rotary 
apparatus and digestive tube disappear by absorption ; the excretion of the 
gelatinous matter from the fore part ensues, and fixes the animal in its posi- 
tion, while its tendency to fall to the bottom of the case, and to contract, 
draws inwards the mouth of the case, and completes its enclosure witliin a 
shut sac or capsule (XXVI 1. 12). The contractile tendency of the body 
stiU continuing to operate, brings about a narroAving of the anterior part, 
and with this a consequent elongation of the sheath ; in this way an ex- 
planation may be given of the veiy long specimens frequently encountered. 
The extrusion of the tentacles is an after-oc(JUiToiice (XXVII. 13). 

The comidete Acineta can entangle small Infusoria with its tcntacula, 
which, by their crossing and retraction, draw the captured particles to the 
surface, where probably their nutritive matters are absorbed through it; 
at all events, no food or foreign particles arc seen in the interior. 

8tein next attempts the identification of this Acineta of Yaginicola crystal- 
Una with the Acineta mystachia of Khrenberg, and in a subsequent paper 
proceeds to show that it developes within itself a ciliated embryo. Amid 
many Acinetce, ho discovered some bearing a clear oval or rounded cyst, or, 
less commonly, several such, upon the surface of the enclosing lid ; wlicre there 
was a plurality, they were evidently in different stages of development. The 
cyst contained a sharply-defined Infusorial being, of a homogeneous finely- 
granular substance, and having an actively-pulsating sac. At first Stein 
imagined these might be animiilcules casually affixed to the Aclnetcn ; but fur- 
ther observation proved their organic connexion with, and derivation from it. 

The cyst- walls were internally soft and gelatinous, and their substance 
continuous, through the fissures of the cover, with the gelatinous layer of the 
Acmeta, of 'which they might be more correctly represented pouches or 
diverticula. I'ho appended animalcule is not a bud i)roduccd from the 
Aclneta-hody ; for it is never found in organic connexion Avith it, but un- 
doubtedly has its origin as a germ within it, and makes its way outwards. 
In fact, it is developed from the rounded nucleus by its elongation and sub- 
sequent transverse fission. The youngest cysts are round or shortly oval, 
and have no other indication of life and movement than that exhibited by the 
contractile space. In the next stage they are slightly cmarginate at one 
end and still motionless, whilst in the oldest the fissure or cmargination 
extends deeply into the interior in a curved manner, and very clearly exhibits 
a number of vibratile cilia. In this mature state they enjoy considerable 
locomotive powers within their capsule, and recall in their form that of con- 
tracted Vortmllina, Thus, at their fore part they present a rounded ciliated 
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lobe, resembling somewhat a retracted rotary organ, whilst the fissure ex- 
tending inwards indicates the alimentary cube. 

There is yet another apparent mode of embryonic development in the 
Acinetoe of VortlceUuia described by Stein, which occurred in some specimens 
not provided with tentacles. In place of these, one or two short closed 
tubular pi'ocessos extended from the fore part of the animalcule; of the usual 
granular contents scarcely a trace remained ; and the nucleus and contractile 
space had entirely vanished. The membrane of the enclosed body, thus 
deprived of its ordinary constituents, contained, in their room, six elongated- 
oval cell-like bodies, -h '” , long, which seemed to have been developed at 
the cost of the contents of the original Acmata, These structures had a 
shaip outline, and contained a coarse granular substance and a contractile 
sac. They seem to devclope into embryos ; for in one case a ciliated furrow 
wiis observed, assimilating the being to the more usual embiyos of the 
Acinetce, Probably the -4cm<?<rt-con(htion of the Vaginicola is terminated 
in this manner, after developing for a period embryos according to the plan 
above mentioned, by the final breaking up of the nucleus into several large 
germs. 

In addition to the species described, Stein believed he made out the 
^c/H€/rt-state of several other species of Vorticella, of EpisttfUs, and Opercu- 
laria (XXX. 1-4), as well as of Zoothamnium, Op7irt/d{iim(XX^. 5-8), and 
Spirocliona (XXX. 18 -2()). However, sufficient details have been given to 
illustrate the presiuned fact in the developmental history of the Ciliated Pro- 
tozoa ; and wo must refer those of our readers desirous of more fully testing 
the views of that most excellent observer, to his often-cited work, ‘ Dio 
Infiisionsthiorc auf ihre Pntwickelungsgcschicle,’ Leipzig, 1854. lilore- 
over, the several new forms of Achiethia ho has pointed out will be found 
refeiTcd to in the general histoiy as well as in the systematic views of that 

It is now incumbent on us to review the opinions of other naturalists upon 
this remarkable and interesting hypothesis. A few have accepted it, among 
whom are Mr. Dusk (as we gathered from his lectures at the College of 
Surgeons in 1857) and Mr. Carter. The latter has the following remarks 
on the subject {A. N. II, 1856, xviii. p. 237) : — “ I could not discover an 
elongated nucleus, as Stein has figured, in the A nwebiK and Achietw, which I 
saw developing young Vorticella, the former in plurality (one to tlu'ee) and 
the latter singly : if present in the Amoebous form, it was circular, and if in 
the Acinefee, imdistinguishable from the general ‘ granulation.’ Again,” he 
goes on to say, “ where are these transformations to end ? Into what kind 
of Rhizopods do tjic sheathed Vorticella pass ? How many of the fresh- 
water Wiizopoda are alternating fofms of VorticellaV'* At the time of his 
writing the above, Mr. Carter had not seen Stein’s latest work, which would 
have resolved some of the doubts and queries expressed. Thus, the Cerman 
natiunlist finds the nucleus, if elongated and band-like in the encysted being, 
to become orbicular or oval when in an Acineta-^iaUi, and points out that acetic 
acid titII reveal this organ when obscured by the granules of the interior. 
Moreover, his later researches have been extended to sheathed VorticelUna 
or Ophrydina — for instance, to Vayinicola, of which we have given the par- 
ticulars. However, it is very important to obtain Mr. Cartcjr’s statement 
that he has seen young Vorticellce developed from Adnetce and Amaha, — in- 
tending by the latter, wo apprehend, Acinetm without tentacles and capsule, 
and not the simple A moehos commonly understood by that term. 

The objectors to the hypothesis are by far the more numerous. The emi- 
nent physiologist Johannes Miillor, to whom Stein showed ActinopJirys and 
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Podophrya developing embryos, could not agree with the conclusion the latter 
arrived at (viz. that they becamo Vorticellce), but was more disposed to believe 
that they relapsed into Acinetce. Elirenberg (Ueber die FonnhestandigTceit 
%md den Entwickelungshi'eis der orgcmisclien FormeUy Berlin, 1852, at pp. 23, 
24, and 34) attributes tlie theory to eiToneous and hasty observation. The 
supposed embryo of Acineia is, to his apprehension, simply a TricJiodina 
which has been swallowed. To these strictures Stein replies that the Acineta- 
bodies have no mouth, that they never contain any foreign matters taken as 
food, and that no more than one Trichodina appears in them at a time, al- 
though many may live around tliem, iind several Avould, no doubt, if taken 
as food, be ol*ten found togotlier in the interior. It is, moreover, to bo noted, 
that Acineta collected from the most difiorent localities contained the self- 
same Trichodin(t-£orm, and that such forms occurn^l in si)aring number. 
Again, it must not be forgott(m that the cmihiyo may be watched in active 
movement within the Acineta for the space of an hour, Avhorcas Infusoria sAval- 
lowed by other animalcules are speedily reduced to a state of rest and de- 
stroyed. Lachmann rejects the hypothesis, and gives, in much detail, his 
reasons for so doing. At the same time he confirms the fact of “ the forma- 
tion of embryos, not only in many Ac'tneiinay but also in numerous other In- 
fusoria ” (A. N. II, 1857, xix. p. 232), and attests the fact of the nucleus 
bc;ing primarily concerned in this act of development, ailding some particulars 
which re(piiro to he recorded. ‘‘ The nucleus,’^ he w^rites (/or. cit.'), ‘‘ is 
usually seen, first of all, to divide into two or more parts, when the same 
processes take place in one or several of these 2 )arts, which in other cases 
occur in the undivided nucleus. ir 2 )on or in the wall of the nucleus, or of 
one of its products of division, we now sometimes perceive small round glo- 
bules, whicdi increase in size, finally acquire a (ontractile vesicle, and become 
converted into embryos ; these at last become furnished with cilia, csca 2 )e out 
of the parent animal, and swim about freely, generally in a form more or loss 
differing from that of the mother. Very different numbers of cmbiyos may 
be fornu'd in one section of the nucleus ; in the same S 2 )ccics we sometimes 
find many, and sometimes only one embryo formed in it ; and an embryo 
which has been developed alone in a fragment of the nucleus is usually as 
large as all the embryos formed in a similar fragment which has developed 
many of them taken together. 

“ The tnic import of tlie nucleus, of course, is not decid('d ly this state- 
ment ; [we cannot say] whether it is to bo regarded as a germ -stock, in 
which geims arc formed asexually, as an ovary, in which the ova arc de- 
veloped at the same time, or, in accordance with Fockc^s riews, as a uterus, 
in which the ova or germs formed in another place (perhaj)s in the nucle- 
olus ?) are further develo]ied. 

“ The fate of the em])iyos which arc unlike their parents after their birth 
is still unknown in most cases.” 

Forty displays distinct op 2 )osition to Stein’s views, but has not thoroughly 
examined them, contenting himself with an occasional critique in passing. 
For instance, he states that thasc miniature beings regarded as th 9 brood of 
Vorticellaj both by Stein and Ehrcnberg {see p. 357), arc in his opinion no more 
than specimens of Cercomonas truncal a (Duj.). Again, he remarks, Epistylis 
nnastatica is very rare at Bcnic ; and the Trichodina grandinellaj which Stein 
represents to be its embryo, is very common in evciy collection of water ; 
also Vorticella microstoma is most abundantly distributed, but its supposed 
metamorphic condition, viz. Podophrya, very uncommon, llespecting the 
latter animalcule', and likewise Acthiophm/s, he adds an observation of his 
own, which convinced him of the reproduction of these animals by minute 
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internal germs, which, when set free, immediately assumed the special 
(iharacters of their parents (Kleinste Lebenform. p. 74). 

To Dr. II. Cienkowsky we owe the latest examination of this subject 
( J. M, S. 1857, p. 90). ilc rejects Stein’s theory because, instead of finding 
Podoplirya jicra in company Avith VorticeUa microstomu, he met with it in 
great abundance along with multitudes of BtylonycMa 'mytihis and St. piistu- 
lata. Having watched its process of encysting, he felt ‘‘ unable to adopt 
Stein’s view, that the Podophrym arc enclosed in a membrane of which the 
slender peduncle is .sirni)]y a tubular process.” In fact, he noticed C 5 ^sts in 
which the original slender peduncle was appended to the sacculate envelope. 
Ho also traced, stoj) by step, from Podophrycp, the derivation of the supposed 
transitional stages between Voriicella-ayaiH and Podophrycn, and asserts 
“ that they are most certainlj’ iiot metamorphosed Vorticelia-cysts, but the 
commencement of the encysting of PodopJiryce. PodopJiryoi arc not formed 
out of them ; but, on the contrary, from the latter arise the forms above 
described, which Steiii looks upon as PodopliryiK remaining at an early stage 
of development. The metamorphosed eon tents of older For//ccZ?flf-eysts, re- 
garded by Stein as the first commencement of the formation of a Podo- 
phrya, indicate, according to what I have seen in other infusoiial cysts, 
and to what Stein himself states with regard to VorticeUa microstoma, the 
commencement of the breaking up of the entire contents into numerous 
smaller * swarm ’-cells.” 

Dr. Cienkowsky’s next proceeding was to show the relations of the motile 
embryo developed from the Podopliryean animalcule Stein mot Avitli. He 
encountered numerous AcineUr precisely like tlioso figured by Stein. “ Most 
of these Adneim were without peduncles, and had no limitary membrane, 
filthough numerous specimens might be seen with a short peduncle and 
imbedded in a mucoid thick envcloiic ; and this was csiiccially observed 'when 
the AcinetcB had lived for about a week on the object-glass (XXIII. 33-39). 
Although numerous points of relation exist between these Acineta-iorm^ 
and Podophrya jixa (Ehr.), I am nevertheless unable to determine whether 
they should be regarded as identical, or, with Stein, whether Podophrya and 
Acthiophrys should ba considered as the extreme links in the mori)hological 
cycle of one and the same species (Stein, loc. cit. p. 143). The peduncle of 
an Acineta is a tubular elongation of the enveloping membrane, "whilst in 
the membrancless Podophrya it is an independent formation. Wlion the 
Podophryce are left in water for a few days upon the object-glass, they form 
the very characteristic pedunculate cysts ; but, under the same conditions, T 
have never been able to follow the Achieta-forms now in question to the 
formation of cysts ; the former multiply by division, whilst in the Acineta: 
I have never noticed the occiu'rcnce of that process. What Stein describes 
as Acthiophrys is really a non-pediinculate Acineta ; the Actinophryte have 
no tentacles, but sctie, though jicrhaps occasionally some of these setae are 
capitate. In almost ever}’ specimen of the Acinetm in question might be 
seen rotating a round or oval embryo, of various size and position, with 
one or twp contractile spaces. This cmbiyo slowly approached the wall of 
the Acineta, caused it to protrude a little outwards ; and after remaining 
for a short time quiescent, it slowly made its way through the wall (XXIII. 
41 ), and quitted the parent site with the rapidity of lightning when it had 
freed about half of itself. This rapidity was so great, that the course could 
not be traced with a magnifying power of 170 diameters. About five minutes 
elapsed from the commencement of perceptible motion to the complete libe- 
ration of the embryo ; and on many occasions I saw two Rotating embryos 
liberated in succession. When the embryo is half out of the parent-cyst. 
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a transverse ring of very fine vibratile cilia may ^ be perceived at a short 
distance from its summit.” 

This rapidly- moving embiyo was followed in its course, under ‘‘ the mi- 
croscope, and Avas seen to traverse ” the droj) of water from one side to the 
other, in divers straight and undulating lines, as quick as lightning. Upon 
meeting a mass of mucus on the edge of the droj), it bounced back again, rc- 
jieating the manoeuvre on cacli occasion of the same kind ; sometimes, though 
more rarely, the movement Avas ciieular, around the margin of the drop. 

“ Judging from Avliat 1 had noticed in the division of the PodaplirycRy \ 
expected that the movement Avould not be of long duration. But after a 
continuous observation, for fully fi\'c hours, of the active motions of the tiny 
brilliant point, a determination of blood to the head obliged me to desist. 

“ A fresh drop of the infusion, in AAdiich two embryos Avcrc in active mo- 
tion, Avas observed at intervals of a quarter of an hour. At the end of five 
liours, the ra])idity of the moA'cment w'as notably diminished — ^it became tre- 
mulous, and then, perhaps, tor a time, as rapid and energetic as before. I 
now placed the object under the compound microscope, and continued my 
observation of the indefatigable embryo for another quaitcr of an hour ; the 
embryo became station aiy. 1 Avaited AA'ith draAvn breath Avhat Avould come 
next : its form from oval became sphci ical ; at the border appeared short, 
thick, equidistant rays, which, after a Avhile, wore deAxlopcd into elongated, 
capitate tentacles ; the contractile space was A’isiblc ; and I could no longer 
doubt as to the yt(;tn<?^/-naturc of the creature (XXIII. 42, 43). This obser- 
vation Avas twice repeated. 

It can, tlicrcfore, no longer be doubted that from the -^c/nefa-embryo, 
after a prolonged motile stage, another Acincta is formed. My obserA^ations 
do not, of course, show that it is impossible that the motilo ^rm^fa-ombryo 
should bo transformed info a Vortkella, and a Vorticella-CY^t into an Adneta ; 
but the field of possibilities is A’^ery Avide ; OA’Ciy tiling is possible if it only be 
founded on facts. I believe, therefore, that it may justly bo concluded that 
Stein’s Acincta doctrine, as concerns Vortkella mkrostoma (Ehr.), must be 
regarded as hi/jiothefkal, and not based upon facts.” 

Lachmann and Claparcde have jointly examined into the facts and appear- 
ances upon which Stein’s hypothesis is based, and have presented an abstract 
of their vicAvs, Avhich are entirely adverse to it, in the Annules des Sciences 
NatiirelleSj 1858, in anticipjition of the jiublication of their essay, to Avhich 
the Erench Academy aAvarded the first prize for oiiginal researches into 
the development of Infusoihi. They state that they have Avitnessed the 
dcA’clopmcnt of embryos in many other Aeinel'nm besides those recognized 
by Stein ; that the embryos of different species vary ; that the tentacles 
of Acimthm are suctorial and actri'c m seizing food, Avhieh is absorbed 
Avith avidity into the interior ; and that the internal organization of those 
animalcules is in all probability more elaborate than Stein sujiposed. 

The appearance of tlio joint e.ssay on the dcA^elopment of the Infusoria, by 
the gentlemen mentioned, as AveU as of that by Lieberkiihii, AAdiich shared in 
tlie prize offered, Avill be anticipated with much eagerness and pleasure by 
all naturalists Avho feel how obscure and confused is the present state of in- 
formation on the subject. 

At the present time, avc may say that Stein’s hypothesis of the transform- 
ation of Ciliated Protozoa (or, more strictly, of the VorticelUna and Ophry^ 
dina, to A\diich alone it has been sought to refer it by observation) remains 
unproven ; yet doubtless it is a step in the right direction to arrive at a knoAV- 
ledge of the time generative process of these animalcules, and has already proved 
the development of ciliated embiyms in Acineiim and in Amrious Ciliata. 
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Tlic history of tlic metamorphoses of Trichoda Li/nceiis recounted by M. 
Jules iriiime (Jnn. d, S. N, 3 ser. xix. p. 109) calls for notice in this place, 
although we arc not disposed to assign it much value, inasmuch as some 
of the phenomena stated are very cxtraordinaiy, are unsupported by any 
parallel facts, and are in actual opposition to those best ascertained respect- 
ing the organization and functions of the Ciliata. We would especially (lircct 
attention to the statement of the exudation of sarcodc, and tlie consequent 
reduction of size, as a necessarj’ step in the developmental phases, — an occur- 
rence, in our belief, without analogy and quite anomalous. 

He lii'st asserts that ‘‘ 0.vytricha \¥hv,') is a laiwal phase of Tndioda Lyn- 
cnis^ and next that, on its tissiparous division, generally one of the two seg- 
ments produced assumes a globular form, losing almost all its appendages, 
both cilia and seta), and, at tho same time, gives exit to successive portions 
of its sarcode, so that vacuoles midtiply in its interior. At this stage a ge- 
latinous cyst is excreted around it which ultimately hardens into a mem- 
branous envelope. In a short time the contents of the cyst shrink from the 
cyst-walls and leave a space around them, when ciliary movement appears 
at one part, and, a further escape of granular sarcode having taken place 
through the (;yst-wall, the figure becomes more or less modified. Two por- 
tions arc now distinguishable within the cyst — a ciliated cmbiyo and a mass 
of effete granular matter ; and, as time elapses, the former seems to grow 
at the expense of tho latter, and eventually makes its escape from the nearly- 
emptied cyst. The freiMl animalcide is not at first very different in a])pearanc(^ 
from the parent Oxyirieha, although only about two-thirds its diameter ; but 
ere long it develoiies itself into a very different lacing. In so doing, it first 
exudes some more of its substance, then 2 )roduces numerous short stiff seta> 
to sciwe it as feet, ac<piiros a hard intogument in the form of a shield, oi* 
carajiace, and forms a mouth, in the form of u slit on one side, and, in front 
of tliis, a gyrating filament to produce a current for the introduction of 
food. In this transformed being the Aspldisca (Elir.) is recognizable, having 
a very much smaller size than the original Oxytneha, The reversed cours(j 
of devoloj)raeiit, viz. that of Asjrtidisca into (Xcytriclia has not been fol- 
lowed ; but it may be conjectured that a sexual x^iocess is interposed, pro- 
bably in connexion with other mctamoqdioscs.” 

Before taking leave of the subject of reproduction among the Ciliata, it 
is im 2 )ortant to add a statement made by Lachmann in his excellent and 
oft-quoted essay (p. 239). He wiitcs — “ With regard to the peculiar pro- 
cess of copulation or zygosis of the Infusoria, as its object is still entirely 
unknown, I shall only state that, except in the Diatomacem and Desmidiacea\ 
the position of ^hich is still doubtful, it has hitherto been observed par- 
ticularl}'^ in Actinophrys and Acinethia, According to an oral statoincnt, 
E. ClaparMo has also seen VorltceJJhia (especially F. microsioma) in zygosis ; 
and I have twice met with double animals of Careheainm, still sitting upon 
a double stalk and constantly becoming more amalgamated, so that the 
cavities of both the fused animals communicated, and the morsel which was 
passed frpm the pharjmx of one animal usually ascended in the cavitj" of 
the other, up to the lower surface of its ciliary disk. The rotatory organs 
remained separate ; and after the lapse of some time, the double animal cast 
itself loose from the stems, and swam about for more than twenty-four hours 
by means of a circlet of cilia, which was produced around tho rounded hinder 
extremity formed by the coalescence of the two posterior extremities of the 
individual animals.” 

Nature of the Ciliated Protozoa. Their Existence* as Independent 
Org.\nisms. Cell Theory applied to them. — ^That the beings wc have com- 
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prehended under tlie appellation Ciliated Protozoa are indubitably animals, 
has never been called in question ; nevertheless their claim to be considered 
independent organisms has been challenged by a few naturalists, who insist 
on their being generally nothing more than phases of development of animals 
more or less elevated in the scale. These objectors have, however, hitherto failed 
to produce sufficiently direct and exact observations in proof of this general 
assertion, which rests mainly upon presumed external resemblances, and on 
analogy with many of the inferior animals, among which the so-called 
‘‘ alternation of generations ** is the rule. In the foregoing pages there is 
certainly sufficient evidence that some Infiisonal forms arc merely stages of 
development of others ; and nothing is more probable than that some may 
similarly be phases of animals belonging to other classes than the Ciliata ; 
yet, on the other hand, the independent (?hara(;ter of several families (for 
example, of Vorticellimi, OphrydinUy and Cotejiina) has not been at all shaken 
by the researches of naturalists. 

There is, we believe, a true typical organization appertaining to the Ciliata, 
of a distinct character from that of other animal organisms, and inconverti- 
ble. It may bo more or less perfected, or more or less degraded, and may, 
in the process of development, bo put in abeyance for a time, though not 
replaced by another ; and under this impression, Stein’s views of Acineti- 
form metamorphosis have, to our mind, an air of imj)robability. 

The very distinguished naturalist M. Agassiz stands among the foremost 
in advancing the sweeping conclusion, that the Ciliated Protozoa have no 
existence as a class. Most of the Enterodela of Ehrcnberg, he says {A, N, If, 
1850, vi. p. 156), far from being perfect animals, are only germs in an 
early stage of development. The family of Vortkdlin exhibits so close a 
relation with the Pryozoa, and especially with the genus Tedicellina^ that I 
have no doubt that wherever Pryozoa shoidd bo placed, Vorticella should 
follow, and be ranked in the same division with them. The last group of In- 
fusoria — Biirsaria, Parameemm, and "the like — arc, as I have satisfied myself 
by direct investigation, germs of fresh-water worms, some of which I have 
seen hatched from eggs of Plamiria laid under my eyes.” In theso statements 
Mr. (xirard {Proceedimjs of American Aiisociation, 1848, p. 402) coincides, 
and adds that Colpoda Cucullidus is one of the embryonic stages of fresh- water 
Planaria. 

To these statements it may very fairly bo objected, that the embryonic 
animalcules presumed to be identical with certain Cdiata may possess merely 
a deceptive outward ro.somblancc, and, again, that in the case of tho assigned 
affinity of the Vorticdlina, an exact comparative examination of the organi- 
zation of this family with that of Bryozoa show that ^tliere is no true 
homology, but simply some general points of similarity, between them. 

When Sclileidcn and others unfolded the cell- theory as a general fact in 
organic beings, attempts were at once made to apply it to tho simplest animal 
structures, among wliich the Ciliated Protozoa are numbered. The Protozoa 
were called unicellular aninicals ; a cell-wall, more or less modified, was 
everywhere discovered or supposed ; and tlio more solid body, the .testis of 
Ehrenbcrg, was at once assumed as tho nucleus.” This name we have for 
convenience’ sake retained, although its special relation with cell-structure 
and tho ceU-theory cannot, in our oj)inion, be sustained. 

The cell-theory, in its application to Protozoa, found a very able advocate 
in Kdlliker {J, M, S, 1853, i.), and was upheld by many others ; its simpli- 
city, and the generalization as to structure and function it suggested, recom- 
mending it to philosophic minds. Latterly, however, a more exact apprecia- 
tion of the true organization and function^ history of animalcules has caused 
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the abandonment of the hyi)othesis, the greatest names in microscopic science 
having pronounced against it. 

To Slim up the leading circumstances opposed to the theory in question. 
The processes of the surface, both in variety of character and of movements, 
are not pai*allclod in any known simple cell ; the same may be said of the 
pedicles and branched stems of Vorticellinay and of the sheaths of Oplnnjdma : 
the presence of a mouth, and, according to the descriptions of many excellent 
observers, of a discharging aperture or anus, and the involution of the external 
surface in the form of an alimentary tube, are facts irrcconcileable with the 
idea of a cell. So, likewise, the beautiful and complicated ciliary apparatus 
of the VortieelUna and Ophrydina — the existence of cells, or at least of 
vesicles, in the interior — tlic reception of external matters into the general 
cavity, where they are cither entirely digested or partially or wholly extruded 
again — and, lastly, the activity, persistence, and apparently voluntary cha- 
racter of their movements, arc circumstances without parallid in the economy 
of simple cells. In the face of aU these discrepancies in stnieturo and func- 
tion between the bodies of Ciliated Protozoa and simple cells — closed sacs, 
containing a nucleus amid their protoplasmic substance — ^it appears to us it 
would be a mere visionary notion to insist upon a homology betwixt the two. 
To conceive such a thing, the accepted idea of a cell must be set aside, and 
replaced by so loose and general a definition as would be worthless. 

Without quoting their remarks, which is uncalled for here, the following 
observers may, among others, be cited in opposition to the hypothesis of the 
unicellular nature of the CiHata : viz. Lcucki\rt, Lachmann, Claparedc, Perty, 
and Schneider. Our countryman, Mr. Busk, is, as we gathered from his lec- 
tures, to be reckoned in the number. 

Conditions of Life. — Under this head wo have to consider the habitats 
of the Ciliata, the usual conditions under which they live, their successive 
appearance in li<]uids, the inlluenco of heat and cold, and of chemical agents 
upon them, and their probable duration of life. 

The majoiity of the Ciliated Protozoa arc inhabitants of fresh water ; few 
arc marine ; or peihaps it would bo more correct to state that few marine 
species are known. Cohn affirms that fresh water acts as a poison and kills 
the marine forms {Entw. pp. 132, 133) ; that the several genera of Eiitero- 
dola (Ehr.) — Cyclklhim, Farameenumy EujpJotUy O.vytricfiay and Vorticelki — 
occur in water holding organic matter in solution or decomposition ; and that 
Stentor, Oplirydlum, and Loxodes arc found only where the water is pure and 
un contaminated with dead matter. This statement must not be taken arbi- 
trarily ; for among the former scries, specimens are constantly seen in water 
free from appreciable organic impurities. Moreover, in all cases, the aqueous 
medium in which the Ciliata live mhst contain a certain proportion of organic 
materials (either living in the tissues of minuter organisms, or in a state of 
transition, commencing decomposition or breaking up into mineral or dead 
matter), from which they can derive the elements of their nutrition; 

Animalcules indeed, if we may so sny, stand bctw-^cen the living and the 
dead,, rescuing tho atomic fragments of organic matter which are ready to 
perish and to lapse into the domain of dead matter. Thus wo find them 
constantly in infusions, cither artificially made by steeping animal or, more 
particularly, vcg(^tablc substances in wuter, or naturally occurring in ponds 
and ditches containing growing aquatic plants or their detached portions, or 
in the turfy hollows of commons and bogs. At times, indeed, the water in 
which they occur appears to the eye almost pure, and free from extraneous 
matters ; but a closer examination will prove it to be inhabited by multitudes 
of monadiform existences, of minute plants, Desmidieo!, Diatomece, NostocJiinecey 
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Confervas, and AI^cb, which aro diihised throughout, or float upon the surface, 
or form a stratum at the bottom. 

The attached forms find appropriate habitats upon the stems of aquatic 
plants, and very commonly upon the surface of various animals living in 
water ; for instance, on the shells of MoUusca, such as the water-snails, and 
on the surface of the Entomostraca. A few species find a suitable locality 
within the interior of larger animals, of which, therefore, they aro esteemed 
the parasites, — a fact illustrated in the genus Btirsaria, This subject of the 
habitats of the several genera needs not hero to be enlarged upon, since it 
recurs again and agmn in the generic and specific descriptions of the systematic 
division of our work. 

The Ciliata do not so frequently constitute the colouring ingredients in 
water as do the Phytozoa. N’everthcless there aro several species which 
make their presence known by their colour, either when collected in a stratum 
upon the surface of plants or of tlie water, or when generally diffused in a 
small pool. Thus Stenior polymorphm and Vorticella chlorostigma coat tho 
stems of aquatic plants green, whilst several species of VorilceUina cover them 
as with a bluish-milky film, and Stentor aureus with an orange-coloured in- 
duvium. Bursaria vernaJis^ Trachelocerca viridis, Coieps viridls, Qlaucoma 
viridis, and Paramecium Chrysalis ore found dispersed through tho water — ^tho 
four first imparting to it a green, tho last a milky tint. The greenish masses 
of Oplimjdium versatile at times float on tho surface, driven about by tho 
wind, and at others arc attached to the tendrils of roots and to tho stalks of 
aquatic plants. 

Tho distinct colours, such as gi'een, yellowish-rod, and orange-brown, (ire 
in all cases, wo believe, not essential to tho animalcules oxliibiting them, but 
duo to tho food they swallow, and to its changes in course of digestion. 
Theses changes, as affecting the colour, have been illustrated in a preceding page 
(p. 310) in tho instance of Bursaria vemalis, for which tho Ghilodon ornatus 
might have booh, substituted. Moreover, in Nassula tho reddish-blue or violet 
spots, conceived to be glands by Ehrenborg, aro apparently the product of di- 
gested Oscillatorice (p. 312). 

Succession of Species. — If a fluid containing Infusoria be examined from 
time to time over a considerable period, it will be found that certain species 
disai^pear, and are replaced by others not before found in it. This succession 
of forms in the sumo liquid has been remarked from tho earliest period of 
microscopic research, and has been tho fruitful source of the wildest theories 
of tho metamor 2 flioscs of Infusoria. Succeeding animals have been forth- 
with con<iludcd to bo tho transformed states of pre\ious ones, however wide 
the dissimilarity between them : no intermediate phases or transitional changes 
have been watched; but the conclusion that tho one is derived from the 
other, has been jum 2 )ed at without reserve. Some theorists have oven pro- 
ceeded further, and, like Unger, believed in the transformation of vegetable 
into animal life, or, like Laurent and Gros, have imagined the conversion of 
mineral matter into organized animalcules, and these last into beings of still 
higher position in the animal scale, such as Annelida and Crustacea.* 

A partial explanation of the succession of animal forms in a collection of 
water is to be found in the following facts : — 

First, no vessel of water of ordinary dimensions can be so thoroughly ex- 
amined but that some animalcules may be overlooked ; the same accident will 
happen still more frequently with their minuter germs or embryonic condi- 
tions, or with thciy encysted state. The earliest phases, again, may, in their 
transient form, very nearly resemble certain known independent species, and 
bo readily mLstaken for them, or even for encysted simple plants. So, also, por- 
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tions of plants, small aquatic animals, organic (l^)ris, and other substances in 
the water may conceal in their cavities or interstices either mature animalcules 
or their immature or encysted forms. Further, we know the air to bo per- 
meated by animalcular life ; that every wind wafts organized beings, for the 
most part in an encysted state, together with germs and spores, animal and 
vegetable, to and fro ; and every exposed collection of water, unless protected 
by the most careful and complex contrivances, must perpetually receive fresh 
colonists. Now, among all these mature, encysted, immature, and embryonic 
inhabitants of a portion of water, existing in it when first submitted to obser- 
vation, or subsequently introduced into it from without, there must neces- 
sarily be a constant change in their relative abundance, and even in their con- 
tinued existence,in it. Mature individuals may die out, be devoured by other 
animals, or bo otherwise destroyed before multiplying themselves, or may, 
by encysting and reproduction, develope beings of a different general character, 
?. fi. undergo a real transformation ; encysted beings may merge into life, 
immature and cmbiyonic forms take on their perfect conformation ; hidden 
organisms may come out from their concealment ; or the new ones bonie by 
the air may manifest themselves ; and in these and other conceivable w^ays 
new series of inhabitants may make their appearance on the scene. 

Lastly, the succession of species is greatly influenced by the changing con- 
ditions of the water and its contents, by atmospheric conditions — cold, heat, 
and electricit}", and the moisture or dryness of the air. All the facts collected 
under the liead of Habitats indicate tlie mutual relations between the appear- 
ance of certain animalcules and the presence of particular plants or even of 
certain animals, or the existence or absence of decomposing organic matter. 
We have, moreover, so to speak, carnivorous and herbivorous Ciliata, each 
and all severally requiring their special nutritive elements in the w^atcr. 
From these circumstances it is evident that particular species 'will disappear 
wdicn the conditions favourable to them fail, to be in all probability replaced 
by others to which the change is favourable and necessary ; for instance, the 
vegetable feeders will decrease and disappear when the minute plants on 
which they feed are consumed ; so those animals requiring pure water wdll die 
out ^vll(?n decomposing organic matters multiply, and will he replaced by the 
forms 'which di'light in their j)rcsencc, but have remained undeveloped until 
the conditions favoiuable to their existence arc brought about. The little 
Colepa (to give a particular illustration) delights in the eggs and contained 
substance of Entomostraca, and makes its appearance in company 'with those 
animals, 'without which it is only occasionally seen. And it remains to be 
noted, that unless an animalcule is duly supplied with ai^propriate nourisli- 
ment, its reproductive powers remain in abeyance, and consequently its whole 
race may vanish from this cause. * 

A particular example of the succession of species may be quoted from 
Cohn’s essay on lleproduction of Infusoria {Zeitschr, 1851, p. 258). In a 
vessel containing decomposing Sjnrof/yra, at first appeared countless speci- 
mens of Paramecium Aurelia ; these were replaced hy the Proteus of Baker, 
cithey:* the Lacrymaria Proteus or the Traclielocerca Ohr (Ehr.) ; these in 
tluir turn were follo'wcd by Cliilodon Cucullulus, and after a few days by a 
Colpoda ; afterguards large EupJotes with prominent green globules, probably 
a new species, and lastly, colourless specimens of Euplotes Charon exhibited 
themselves, — all these species following each other in succession in the course 
of three 'weeks, a new form appearing on the decline of a preceding, attaining 
its maximum in number, and then decreasing in its turn to make room for the 
next in the series. Moreover, this excellent observer remarks tliat a similar 
succession is observed in the case of mieroscopie plants, such as Oscillatoria. 
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Duration op Life. — ^What this may be among the Oiliata is little known to 
us. The Infusoria have a comparatively long life ** was one of the general facts 
enunciated by Ehrenbcrg. Under favourable conditions certain species have 
been known to live four or five weeks. This applies to them only in one phase 
of existence, viz. that which we regard as the normal and mature one. But 
when wo take into consideration the encysting-process as an act of conserva- 
tion, wo are compelled to assign them a duration of life of a very much longer 
range ; for by its means the Ciliated Protozoa are preserved in a quiescent, 
torpid, or hybemating state, not only over periods of drought when the ponds 
containing them may be dried up, but also during the entire winter. 

Further, by the medium of fission and gemmation, the existence of the 
animalcule is prolonged or per];)otuatcd through all tlie multi 2 )lied scries of 
divisions and subdivisions and of gemmation, primar}^', secondary, and multi- 
fold, until the chain is broken by a sexual act of generation, and the being 
perishes in the production of its offspring. 

The resuscitation of Infusoria, after apparent death, forms a (ihaptcr in 
Ehrenberg’s great work ; but the facts discussed have little or no bearing on 
this group of Ciliata ; and the marvel formerly attaching to the subject is much 
diminished by our knowledge of the phenomena of encysting, whether for the 
purpose simply of self-preservation or the carrying out of the process of de- 
velopment. 

Influence op External Aoents. and Cold. — ^Tho Ciliata can sup- 

1 ) 011 ; very considerable variations of tenqieratiire. J^ven in winter, beneath 
the ice, varioiLS species may be found still thing. Ehrenbcrg tells us that 
Vorticella microstoma will live after being exposed to a temperature of 8® 
Fahr., and the ice gradually thawed ; in fact, however, not more than one in 
a hundred will survive this jiroccss. Below this tennporature none can live. 
The same is true of Paramecium AtireUa, Cifclidium Glmicomay Glaucoma 
scintiUam, and Colpoda Cucidlus, When death is caused by cold, no rupture 
or injury of the body is perceptible, cxccjit in the case of Ohilodon Cmullidm 
and some few other sijecics, ivhich are frccpiently quite disintegrated and dis- 
persed. Stentor pohjmorjyfius Jind S, Mulleri will not live many hours at a 
temperature of 0° Fahr. ; and arborescent Vorticella, subjected to the same 
degree of cold, fall from their stems and die. 

Forty gives a list of about 40 species of Ciliata which he found in Switzer- 
land during the cold of winter, beneath the ice ; we name a few as a guide to 
investigators ; — Coleps hirttis (often without a shell), G. inermis ; Oxytricha 
pellionella, 0. cavdata, 0, prisca, 0. yibha ; Pleuronema crassa ; Euplotes 
striatus ; Vorticella patellina ; Stentor lidsellii ; Paramecium Colpoda, P, 
versutuyn, P, leucas; Trachelius Anas, T, Lamella, T. Meleayri^ ; Trachelocerca 
Olor ; Glaucoma scintillans ; Lacrymaria rliyosa ; Enclielys Farcimen ; Chilo- 
don Cucidlulus ; Spirostomum amhiguum ; Amphileptus Fasciola, &e. 

Ehrenbcrg affirms that wlien animalcules are frozen in ice, they are as it 
were lodged in a little cavity, and surrounded by wmter. This circumstance 
he imagined to be duo to their animal heat, — an cxj)lanation too improbable 
to be admissible ; and, if* the obsciwation bo correct, it must give place to. some 
other. 

Respecting the effects of cold, it is a general law of the Ciliata, that their 
numbers rajiidly diminish when winter sets in, and that, on the contrary, 
they rapidly augment so soon as the warmth of the sun in spring manifests 
itself, and continue to increase in number and variety until the height of 
summer is passed. 

Their endurance of heat is almost equally extraordinary as that of cold. 
Some arc found in hot springs : thus Forty found specimens in the hot springs 
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of Lcuk^ at a temperature of about 80® ; and Elirenbcrg heated water gradu- 
ally to 120® Fahr., when Colpoda Gxvcullvs and Ghilodon Guculluhis survived. 

Necessity of Air. — ^The water which Ciliata inhabit must be duly aerated 
to support their existence, as is shown by the experiment of pouring a layer 
of oil on the top of a vessel of water containing them, and by their disap- 
pearanco from a bottle which has been kept too long corked. 

They decrease in number and variety after water has been kept for some 
time in the house, even though it remains sweet ; this is probably due in part 
to the more stagnant atmosphere and the consequent diminished admixture 
of air with the water. 

Chemical Agents. Electricity and Galvanism. — For chemical substances 
to act, they must be soluble in the water. Sea-water is generally more or 
less speedily fatal to fresh- water species ; and, on the other hand, fresh 
water is destructive to marine species, especially when the change of medium 
is sudden. However, some species are common both in sea- and in spring- 
water ; and there are others living in brackish water which can readily ac- 
commodate themselves to a change of habitation. 

There are also substances, such as sugar, which, although not in them- 
selves poisonous, are damaging to animalcules, probably by causing an in- 
jurious alteration in the density of the water. Other substances, having 
active properties as poisons to animal life at largo, such as corrosive subli- 
mate, strychnine, arsenic, and thew hlcc, arc also poisonous to animalcules. 
Reference has been made to several chemical compounds which, by reacting 
variously on the tissues of animalcules, are employed for the purpose of 
demonstrating points in their organization: such arc acetic acid, alcohol, 
tincture of iodine, solution of potassa, ifec. The last acts as a solvent, caus- 
ing difflucnce, as Mr. Addison pointed out some years since (A, N. IL 1843, 
xii. p. 101). 

Of the cifectsof electricity, galvanism, and magnetisnifwc know little: ex- 
periments with these forces are few and imperfect. Ehrenborg collected the 
accounts of several, among wliich arc the following : — A shock from a Leyden- 
jar charged with twenty sparks from an electroplionis having a resinous jdate 
7^ inches square, and a collector 5^- inches, suddenly killed Stexilor nujtr, 
St, aureus, and Amphileptm monUiger. The bodies of Opliryogle'im atra and 
Sfentor pohjmoiplms were entirely dissipated by it, as were also those of 
Epistylis jiavicans, after having first been thrown from their stalks. It 
generally rc(iuired two such shocks to kill the Parameemm Aurelia, When 
the electrical current passed near and not through them, their movements ap- 
peared unsteady. Electricity slowly produced has a more i)owerful effect than 
in the foim of rgipid shocks ; and when cither it or the magnetic current de- 
composes the water in which the •animalcules arc, then death is a necessary 
consequence. 

Mr, Rood {Sill. Journ. 1853, xv. p. 71) has experimented more recently, 
and states that, when a feeble galvanic current is passed through water con- 
taining Paramecia, the animals are brought to a stand-still, particularly in 
the qeiglibourhood of the negative pole, and after revolving for a time on 
their own centres, entirely cease to move ; ciliary action is also arrested, and 
diffluence quickly ensues. 

On the subject of the operation of chemical reagents on Protozoa, or, strictly 
speaking, on Paramecia, with which he chiefly experimented, Mr. Rood has 
the following remarks : — Alcohol stopped their motion, coagulated tlieir con- 
tents so that they shrunk within their integument, and caused speedy death. 
Phosphate of sgda killed in a few miuutes ; and Epsom stilts, the ammonio- 
ohloride of mercury, a(;etate of lead, and perchloride of mercury destroyed 
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life instantly. Cyanide of potassium did the same, producing at the same 
moment rupture of the integument and the discharge of the contents. On 
adding a quantity of oxalate of ammonia to the water, a stupefying effect at 
once follows, but after a few minutes the animalcules revive, and death does 
not result — at least, not for some hours. Likewise, neither fcrrocyanide of 
potassium nor neutral chromate of potash kills — at least, not under several 
hours. This last-named fact suggests the possibility of chemically injecting 
or impregnating animalcules, whilst still living, 'with a mixture of suitable 
reagents to produce coloured precipitates which might servo in demonstrating 
their internal structure. 

Geogiiaphical Distribution. — We know as yet of no special laws of geo- 
graphical dislrihwtion of the Ciliated Protozoa ; and a long time must, wc 
fear, elapse ere the waters of the earth are sufficiently explored to warmnt 
oven an approximative sketch of such laws. Wherever on this globe wo 
may seek for these animalcules, they arc, it scorns, to be found — even the 
same families, genera, and species ; and if our present knowledge leads us to 
define particular localities for particular species, it amounts to little more 
than stating that they have there arrested the attention of some observer or 
observers, and have been overlooked or searched for at the wrong season, or 
under unfavourable circumstances, in other jdaccs. For, as our remarks on 
the succession of species imply, the animalcules present in any collection of 
water one week, may be in vain searched for the next ; and the inhabitants 
of a pool or stream of one season, or of one year, may be exchiingcd for 
others the next. Although, therefore, laws of gcograpliical distribution 
are wanting, yet wo may bo very much guided in our search for paj ticular 
genera and species by a knowledge of their habitats and of the conditions 
which prove most favourable to their existence. 

Since the whole framework of Ciliata is sooner or later destructible by 
difflucnce, their occurrence in a fossil condition is not to be lookcxl for. 

Affinities op the Ciliated Protozoa with other Animals. — llcgarding 
as we do the organization of Ciliated Protozoa as belonging to a tyjic sid 
generisy their affinities witli other animals partake rather of a general than 
of a particular character. They possess an affinity with Rhhopoda, Ore- 
gariniday and Spongilla, with Opalincm, Polypes, and with many Phytozoa, 
such as Eiiglence, in the nature of their contractile substances or sarcodc ; 
also with the first and last-named, in the presence of one or more contractile 
vesicles. Multiplication by fission is also common to those several tribes, and 
that by gemmation to Vorticellinay Ophrgdvmiy and Polypes ; lastly, they 
agree with the llhizopoda and Polycystina in the process of dissolution by 
diffluence. In the process of encysting, also, they are related with tlie Opa- 
lince^ and Phytozoa, with some, at least, of the llhizopoda, and, in general 
characters, 'with the Oregarinida, 

Of the mutual relations between the Ciliata (OpaUnceay Oregarinida) and 
Rhizopoda, we shall have further occasion to speak. Put the Ciliata are 
also allied to the llotifera by the chitimus constitution of their integument, 
by being moved chiefly by cilia, and more closely so through certaip families, 
e. f/. the VortictUina and Ophrydinay which have a frontal ciliary mechanism 
approaching in structure that of the rotary apparatus. So, again, in some 
general features, the sheathed Ophrydina (e. g. Vaginicola) may be assimi- 
lated 'with the encased llotatoria, such as (Ecistes and Corwcldlus, Lastly, 
by means of the Ichthydina an additional link is established between these 
tw^o classes, and also between them and the Tarhelluria ; for some, as Schultze 
(MiiUer’s Archldy 1853, p. 241), seem disposed to range the Ichthydina with 
the last-named family. A homology- may be perceived between the hardened 
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integument, with its imcini, styles, and setae, in such forms as Coleps and 
EuploteSf and the covenng and appendages of Entomostraca and of some in- 
ferior Annelida ; and some would note the similarity in movements between 
Coleps and Daphnia. 

Tlirough the Vorticellina a relation is established with the Bryozoa or 
cilio-brachiato Polypes — one, indeed, which some naturalists (Agassiz, for 
instance) affirm to be so intimate, that the two families should bo placed to- 
gether in the same group. 

Lastly, there is, in the case of many Ciliata, a very close apparent affinity, 
almost amounting to identity (at least, so far as form is concerned) be- 
tween them and certain embryonic stages of other animals, — for example, 
of Plnnarice and of several of the lowest among the Vermes. It is possible, 
indeed, that some oL the presumed independent Ciliata arc nought else but 
larval conditions ; but unless this can be shown by direct observation of their 
development and transformation, they must be still retained in their present 
place. The group represented by Bursaria and Paramecium arc, as Agassiz 
{A, N, H. 1850, vol. vi. p. 15G) asserts he has satisfied himself by direct in- 
vestigation, no other than germs of fresh- water woims, some of which,” ho 
writes, I have seen hatched from eggs of Planaria laid under my eyes.” 
To this assertion Mr. Girard assents (Proceedings of American Association, 
1848, p". 402). However, there is one caution to bo borne in mind in seeking 
to establish the unity of certain supposed sj)ecific forms and known embryonic 
phases of any animals — y\z. not to confound general resemblance with specific 
identity. For, notwithstanding the former may be veiy distinct and close, 
this is not enough (as the histoiy of devclojnnent of the higher animals 
teaches us) while there is aught wanting in the image, to render it an exact 
counterpart of the original, identical in kind with it. 

The above offers a general sketch of the most c\idont affinities of the 
Ciliata. By the exercise of the imagination directed simply to external form, 
these might be greatly multiplicjd : this, however, would, instead of advancing 
our knowledge, lead only to misconce})tions. 

Classification of the Ciliated Pbotozov. — Among the many heteroge- 
neous groups of beings which have at a previous period been assembled under 
the name of Infusoria, or other terms tantamount to it, that of the ciliated 
animalcules has been more or less clearly distinguished from the rest, and 
has received much attention from the several propounders of schemes of clas- 
sification. However, as our knowledge of the Ciliata, both ivith respect to 
the number of known species and to their minute organization, on which 
alone any correct classification can be based, has been so greatly extended 
during the last few years, it would be useless to describe the various systems 
which were suggested when, as we may say, this branch of natural history 
was in its infancy. 

Wo shall therefore omit all notice of any systematic arrangement of the 
Ciliata prior to that proposed by Ehrcnbcrg. Now, although this arrange- 
ment is very imperfect and incorrect, and founded, moreover, upon certain 
views of their organization now generally rejected, yet, as it was the system 
adopted in previous editions of this work, and will be generally followed in 
the present one ; and as, moreover, no other classification can lay claim to 
such completeness and accuracy as to command its adoption instead, it 
behoves us to detail its principal features. Besides this distribution of Ciliata, 
suggested by the great micrographer of Berlin, there are three others it 
will bo necessary to describe in this place, severally proposed by Dujardin, 
Siebold, and Perty. Of these, however, it will only be necessary to present 
the outline as given by their respective authors, since the examination of the 
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characters, limits, and mutual relations of the families described will form 
the subject of the Systematic portion of this work. 

The Ciliata, in our meaning, are very nearly the same beings that Ehren- 
berg called EnUrodela^ or Polyyastrica furnished with an intestine connecting 
together their stomach-sacs. A division of the Enterodela wtis made, accord- 
ing to the mutual relation in position between the two orifices of the body — 
the mouth, and anus or discharging vent — ^into, 1st, Anoputhia, in which tlio 
intestine is so curved on itself that its two ends unite together in a common 
aperture ; 2, Enantiotreta, having an oral opening at one extremity, and the 
anal at the other, i. e. opposite to each other ; 3, Allotretay with the two 
orifices placed obliquely with reference to one another ; and 4, Catotreta, 
with both situated on one surface — ^the abdominal. The subjoined tabular 
view will display these divisions, and also their subdivision into families. 

We have departed from this aiTiUigcment of Ehrenbcrg ehicily by omitting 
a few genera and species, viz. Acthwphrys, TricliodisciiSy and Podoplirya 
among the EncheHuy and some species of Uursarm from the I'meJielinay and 
also by adding several nc^v genera and ‘families. Concerning tlie necessity of 
detaching the Actinophrys and its two congeners from the EticheUuy no doubt 
can be entertained when their structiu'c comes to be considered ; we have 
thrown them together into one family under the name of Aotinophryina 
(p. 243), and have brought them and the peculiar beings kiiowm as Acinetvaa 
(p. 258) together as two subdivisions of Ehizopoda. The peculiar parasitic 
Biirsarice wdthout mouth constitute, with some similar ciliated mouthlcss 
beings, a subdivision of the Ciliata, standing in near relation with Greyari^ 
nida, and, in some measure, intermediate between the Ciliajta and Ehizopoda. 
Lastly, we have removed ihe Ichthydimi from the Eotatoria, and treated them 
as a subclass of Ciliata. The additional families and genera we shall not hero 
specify, but must direct the reader for information to the systematic descriptions. 

The following tabular view represents Elirenberg’s classification. 


SECTIONS. 


FAMILIES. 
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I 
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orifice only for 

nutrition. loricated . 
A)iopisihia, ^ 


Two orifices : 
ono at 

each extremity. 
Enaniiolrcta. 


illoricatcd 
loricated . 


.Vorticollina. 

.Ophrydina. 


.Enchelia. 

.Colcpina. 


Orifices situated 
obliquely. 
Alhtreta, 


{ iHoricated 
loricated . 


/ mouth furnished with prp- 

I bosed^, tail absent 

I mouth anterior, tail pi-esent . . . 


Trachclina. 

OiDhryocercina. 


.Aspidisciiia. 


Orifices 

abdominal. 

Catotreta. 


( illoricaied 
loricated .. 


locomotive organs, cilia. . . 
various 


.Kolppdoa. 
.Oxy trichina. 
.Euplota. 


Dujardin's distribution next claims attention. Having, as we have seen, 
entirely rejected Ehrenberg’s polygastric hypothesis, and at the same time 
failed to recogiiiSJe many important points of internal organization now 
well established, ho had, to constnict his system, recourse to external 
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characters only — ^to the prcscnco or absence of locomotive organs, to the 
characters of those organs, to the nature of the external surface, whether 
protected by an integument or not, or defended by a lorica, to the general 
conditions of attachment of fixed forms to other objects, and to the cha- 
racter of their movements when free. Moreover, his Ciliated Infusoria com- 
pnsed not only our group of Ciliated Protozoa, but also the Phytozoa, — the 
Vibrionm only excepted ; for he made no distinction between organisms moved 
by a single or few filaments, and those moved by vibratilo cilia generally dis- 
tributed, or associated together in the construction of special locomotive organs. 

In his tabular view, the beings we have brought together under the appel- 
lation of CUiata are all comprehended in the fourth and fifth orders of Infu- 
soria, with the exception of Coleps and the Ichthydina, which, in his opinion, 
belong to a type of structure differing from all others reckoned by him as 
Infusoria, in being symmctriciil. 

The accompanying outline of tliis system of Dujardin will sufficiently iUiis- 
trate it at present, without further remarks on the value either of the prin- 
ciples he has adopted, or of the families and genera he has instituted. 

DUJAUDIN’S CLASSIFICATION OF CILIATA. 

Order IV. — Ciliated aniinalcule» without a contractile integument. All swimmers. 

A. Naked. 

Fam. 11. Enchelyens, without mouth; cilia disposed without order. 

12. Trichodiens, with the mouth cither visible or indicated by a fringe of cilia, with- 

out cirrhi. 

13. K6ronicns, with a mouth and a fringe of cilia, together witli some cirrhi or 

strong cilia in the form of styles or uneini. 

B. Loricatei). 

Fam. 14. Plopsconiciis. Lorica or sliield di/Iluent or decomposable like the rest of the body. 
15. Erviliens. Lorica genuine and persistent. A short pedicle. 

Order V. — Ciliated animalcules provided with a lax, reticulated, and contra<jiiIe integu- 
ment ; or liaving their cilia so arranged in regular linear scries as to 
denote the presence of an integument. 

A. Always FREE. 

Fam. 16. Linicophrycns, without a mouth. 

17. Paramecriens, witli a mouth but no prominent row of cilia. 

18. Bursariens, with a moutli and a iirominciit row of cilia. 

B. — ^Either voluntarily attached or fixed by the medium of organs. 

Fam. 19. Urceolaricns, voluntarily attaclied. 

20. Vorticolliens, attached at least temporarily either by their organs or by some 
part of their body. 

Symmetrical Infusoria. — Of several typos without mutual relations. 

Plunoriola. Coleps. Chaetonotus. Ichthydium. 

With the exception of tlio family Leiicophryens, wliich la nearly eijuivalent 
to our subgroup Opalincea, and of the genera JPlanariola^ GhoetomtuSy and 
[eJithydium (the two last constitute our family IvMhydhia)y all the other 
families and genera are members of our class of Ciliata, and are described in 
the Systematic portion of this work. 

Prof. Siebold (Anatomie der Wirhcllosen Thieve) agreed with Dujardin in 
rejecting tho Polygastrica of Ehrcnberg as a class, and at the same time em- 
ployc’d the term Infusoria, applied after Ehrenberg’s example to a multitude 
of various organisms both animal and vegetable, to designate a comparatively 
limited group. To this restricted use of tho term wo have already objected 
(p. 199) ; we will now, therefore, proceed with tho classification in question. 
Sicbold’s Infusoria included all those microscopic organisms, exclusive of the 
ilhizopoda, of supposed animal nature, whether possessing a month or not. 
Of these ho made two classes : one named AstomUy the othbr Stomatoday the 
latter equivalent to our Ciliata. The following tabular outline is presented 
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by Sicbold, without any comments on the characters and distinctions of the 
several families, which, however, agree in general with those instituted by 
Ehrenberg, the most striking departure being the exclusion of Ophryocercina 
and Aspidiscina. 

SIEBOLD’S CLASSTFICATTOI? OP CILIATA. 

Class I. — INFUSORIA, Animals moving by cilia. 

Order 1. — Astoma, Infusoria without a moutli. 

Fam. 1. Astasias A. — Gen. Arablyophis, Eiiglcna, Clilorogonium. 

Fam. 2. Peuidiniasa. — Gen. Peridinium, Oienodinium. 

Fam. 3. Opalinasa. — Gen. Opaliua. 

Order 2. — Stomatoda, Infusoria with a mouth. 

Fam. 1. VoRTiCELLiNA. — Gen. Stontor, Trichodina, Vorticella, Epistylis, Carchosiuiii. 

Fam. 2. Opiiiiydina. — Gem. Vaginicola, Cothumia. 

Fam. 3. Enciiklia. — Gen. Actinoplu*ys, Lcucoplirys, Prprodon. 

Fam. 4. Tracuelina. — Gen. Glaucoma, Spirostomum, Trachelius, Loxodes, Chilodoii, 
Phialina, Bursaria, Nassula. 

Fam. 5. Kolpodea. — Gen. Kolpoda, Paramecium, Amphilcptus. 

Fam. 0. OxYTRiciiiNA. — Gen. Oxytriclia, Styloiiychia. 

Fam. 7. Euplota. — Gen. Euplotcs, Himantophorus, Clilamidodon. 

Perty is the latest writci’, as far as wo can discover, who has attempted a 
classification of Infusoria, among which he distinguishes, as wc do, a class 
under the name of Ciliata, having also in almost aU rcai)octs similar limits, 
except in the retention of the Acthiophryhm as one of the two sections he 
makes, viz., 1, animf denies with vibratile cilia ; and 2, with non- vibrating 
but slightly contractile cilia, or filaments. Leaving this second section out 
of view, the other is divided into three subsections, with the titles Spastica, 
Moninia, and Metaholica, according to the varying character of their move- 
ments, which in the first arc sudden and jerking, in the second, unvarying 
and constant, and in the third, associated with striking changes in the figure 
of the body. Under these three subsections he distributes all the Ciliata into 
families, to many of which, in departing from Elirenberg’s groupings, he has 
given new names. He moreover describes many new genera and sjiecies. 
Besides the Acthwphryina, we exclude also the fixmily Cobalina, which is 
ccpial to our family Opalhicea, and to Uujardin’s Leiwophryens. 

Wo shall attempt to represent this system of classification by a tabular 
outline : — 

PERTY’S CLASSIFICATION OF CILIATA. 

A. Spastica. — Animalcules capable of contracting their bodies and their sterns^ when fnick 

exists in a sudden spasmodic manner.^ so that tJmr more or less elongated 
figure is rendered oval or globiilar^ and the stem coiled spirally. ' They 
are the only Ciliata which live associated^ and are related to Bryozoa^ 
and many to liotatoria^ 

Fam. 1. Vaginipera. — Enclosed in a sheath, into which Uicy can withdraw themselves. 
Mouth with a ciliary wrcatll. 

Fa7n. 2. Vorticellina. — ^Without a sheath ; living isolatcly, or in arborescent polyparies ; 

with a contractile body and evident moutli, but no intestine. Deve- 
loped by fission, by germs, and gemmation, and by nicaris of transi- 
tional phases. 

Fa?n. 3. Opiirydina. — Numerous animalcules associated together in a solid gelatinous mass, 
but without contractile fibres. ^ , 

Fam. 4. Urceolarina.— -The Urcuolariciis of Digordin, Ophrydium being excluded, and 
Spirostomum added. 

B. M 0 NI.MA. — Animalcules which, although very contractile, neither undergo change of fortn 

nor exhibit jerking movements. 

A. General covering soft. — 1. Freeforms, with a mouth; nutriment received solid. 
Fam. 5. Bursarina. 

Fam. 0. PARAMECiNjX.~Body covered by longitudinal rows of cilia. Mouth lateral, often 
situated in a furrow. 

Fam. 7. IIolopiirvina. — M outh anterior; anus posterior. Cilia in longitudinal rows. 
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Fam, 8. Apiitiionia. — Surface ciliated, and furnished besides with filaments. 

Fam, 9. Decteuja. — M outh provided with a circlet of bristles ; in three genera lateral, in 
two anterior in position. 

Fam, 10. CiNETOciiiJiiNA. — Mouth on the upper surface, furnished with a vibrating flap. 
Cilia in longitudinal lines. 

Fam. 11. Apionidina (in part the Enchclia, Ehr.^ and the Param^ciens, 2)i^*.).--BodioB 
small, soft, thicker at one end than the other ; cilia in longitudinal 
rows. Moutli, where perceptible, at the anterior extremity. 

Fam, 12. Tapinia. — Cilia scattered, or collected in particular spots, but never in rows. 

Body usually very small. Mouth only proved to exist by means of 
artificial fcecling. 

Fam. 13. Toachelina. — B ody elongated into a neck-like anterior process, or a laterally 
curved trunk. 

Fam. 14. Oxytuichina. — E qual the K^roniens of Dujardin. 

2. Parasitical forms, with or without a 'mouthy 'mostly receiving only the juices of 
other animals. 

Fam. 15. Cobalixa. — Body mostly flattened, oval, elliptic or roniform, covered by numer- 
ous rows of fine cilia, and oftentimes with jointed cilia on the under 
surface. A raised margin or hollow fold occupied by cilia often 
indicates the mouth, of which, however, in several cases, no trace is 
evident. The animalcules commonly live internally, upon the juices 
of other beings, and occasionally on their outer surface, in which case 
the food they take is solid. They present among themselves numerous 
peculiarities and points of agreement, and at the same time many 
anomalies, and are low'er in the scale than free living forms similar to 
them, e.g. Oxy trichina; their movements arc rather automatic. The 
genera included are, Alastor (Keruna, Elu.), Plagioto'ma, Leuaqihrysy 
and Opalina, 

B. General covering firm hy indtiratmi of the integumenty or by excretion of hard 
gramacs. 

Fam. 16. Euplotina. — Equal the Ploesoonicns of Dujardin. 

Fam. 17. Colepina. — R epresented by the genus Colvps (Ehr.). 

C. Metabolica. — Very contractile ; undergoing 'protean alterations of their figure through 
a contraction and extension of the body. Cilia scarcely observable on 
the body at large, but collected on the neck-like process. 

Fam. 18. Opiiryocercina (Ehr.), including also Tracheloccrca and Pbiahna. 

fa:mily i.— ichthydina. 

(Plates XXY. 357, 358. Plate XXXI. 28, 29, 31.) 

This family, which in our arrangement forms a subgroup of Ciliata, con- 
stituted in Elircnberg’s system a section of Rotatoria, — an association which 
cannot be maiiitained now tliat their more intimate and essential organiza- 
tion is known. Indeed, these beings seem to htivc received bnt little atten- 
tion from that great naturalist, who had only an imperfect account of them 
to offer. They wore described as Rotatoria with a single continuous rotary 
organ, not cut oi;’ lobed at the margin, and without lorica or shell. Four 
genera were enumerated — viz. Ptggura, IcJitligdhimy Chtvtonotus, and Gleno- 
jghora. Their relative peculiarities were thus stated : — Ptygnra and Gleno^ 
plwra had a simple rotary locomotive organ; leJithydlum and Chcbtonotiis, 
only a long ciliary band upon the ventral surface. Again, the two former 
had a simple foot-like process, and evident oosopliagcal teeth ; the two latter 
a forked .tail and no visible teeth. Dujardin, who hjis given a very good 
account of Chcetonotm, rejected that genus, together with Ichthydiwniy from 
among the Rotatoria, and placed the two in a sort of subfamily of Ciliated 
Protozoa, under the name of ‘ Symmetrical Infusoria.’ Of the other two 
genera, GUnopJwra and IHygura, he ignored altogether the former, and 
transposed the latter to his family of ‘ Melicertiens.^ Since the date of his 
systematic treatise (Hist, des Inftis. 1841), he has sketched the history of a 
genus under the name of Ellhnoderia, which is evidently allied to CJicetonotus 
(A. S. N. XV. p. 158). 
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The latest researches, we have seen, on the Iclithydina arc contained in a 
paper by Dr. Max. Schiiltze (il/wW. ArcJiiv, 1853, p. 241 ), on CJiastonotus and 
Ichthydimn, and on a new allied genns, Turbanella, In this communication 
Sclmltze clearly shows that Ch(f>toiwttLS and Ichthydium arc not llotatoria, 
whilst he admits IHyyura and GlermpJiora to be so. The leading and suffi- 
cient reasons for sej)arating Ichthydium and Chcptonotvs from llotatoiia are, 
that they want the peculiar ciliary apparatus of that class have no retractile 
rotary disk, no jointed tail-liko process, no water-vascular system with 
vibratUc t.ags, and no perceptible muscular and nervous system. The best 
account of the organization we have of any of the Ichthydkia is furnished by 
Schidtzc’s contribution above fpioted, wherein he details that of Turhanella. 
Of this we will present an abstract, but, before so doing, will preface a few 
notes from Dujardin on Chcctonotiis. This genus has a symmetrical elongated- 
oblong body slightly contracted at its anteiior third, and having its posterior 
half expanded ; covered on its upper or jmsterior surlace by cilia or by ciliated 
scales ; terminated anteriorly by a rounded edge, near to which is a distinct 
circular oral ajDcrturc ; and posteriorly ending by a bifurcate process. Some 
long vibratile cilia are visible on the anterior half of the ventral surface ; and 
Dujardin thought he discovered four or five minute papiUoc around the mouth. 
This fipcrturo ho represents to lead into a long narrow oesophagus, which 
abruptly ends in a wide intestine, that continues a straight course to the 
posterior extremity, where an anal opening is probably placed. The Tiirha- 
ne/la hyalina, of Hchultze, has an elongated, rather compressed, colourless 
body, from ^tli to q^yth of an inch long, and :j- J oth to ^-{jth broad. The head is 
separated from the body by a constriction 28). Along the body, at 

apparently regular distances, numerous bristle-like processes stand out at right 
angles on each side. The posterior extremity is slightly contracted, and 
divided into two comb-like fiattened processes or lamellm, having an inter- 
vening fossa, into which the anal aperture opens. A dorsal and ventral 
sui'face are distinguishable, — the latter ciliated throughout, the former bare. 
The head is entirely covered on its upper surfficc by fine cilia, besides which, 
it has a circlet of larger ones around its middle. The ciliated condition of 
the under surface is displayed by a side or a transverse view of the animal. 
The bristle-like processes on each side are growths from the integument, and 
neither articulated nor separable (XXXI. 28, 30). The row is double on 
cither side ; the under seta? from 20 to 25 in number ; the upper, only from 
6 to 8 on a side. The latter are rather appendages of the dorsal surface, 
and are, moreover, not at right angles like the others, but bent backward. 
Each cutaneous process is terminated by a motionless cilium, equal to or ex- 
ceeding it in length. The cuticle and its processes are sqjluble in a warm 
solution of potash, and arc not chitinous. • 

The alimentiiry canal passes straight through the middle of the body (XXX. 
28, 29). Tlio mouth, situated at the Jinterior extremity, is circular, and sur- 
rounded by a finely plicate or dentate margin ; it opens into a muscular 
oesophagus, which very much resembles that of Anyuilluhi, and terminates 
below in the straight intestine. The oesophagus extends for the first fourth 
of the length of the body ; and its muscular coat is so developed, that its canal 
looks like a mere central line. Its muscles arc annular. The tubular intes- 
tine has, on the contrary, thin walls, in which numerous molecules and fat- 
corpuscles are distinguishable, except, indeed, at its posterior conical termina- 
tion. The intestine lies in a soft, fincly-granular parenchyma. No water- 
vascular apparatus with vibratile tags exists. At the posterior third of the 
body, on the dofsal surface of the intestine, a large ovary is placed, and in 
front of it a very much smaller testis. Both glands present a mulberry- 
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like aggregation of rounded cells. The posterior portion of the ovary exhibits 
ova, having a germinal vesicle and spot surrounded by a fine granular yelk- 
mass ; and one or two ova are frequently seen separated, having a delicate 
colourless shell developed around them. The diameter of the largest ova 
equals 4 -hu^^* mature eggs lio close to the testes. Besides this distinct 
male organ, two groups of .^^rmr/fosoitZ-cclls seem present, lying apparently 
free in the loose parenchyma, and apparently without any investing membrane 
or envelope. As to their affinity, Schultzo makes no doubt that they are 
Vermes, and belong to the group of TurboUaria, considered as a division of 
the Cestoidea. Among Turbellaria they are best placed with the Arhynchiii, 
including Microstomum and Dimphilus, They resemble Nematoidea and 
Ancfidlhdce in the form of the intestinal canal, but are unlike these in their 
figure, their ciliated integument, and their hermaphrodite stnicture. 

The Tchthydina are inhabitants of fresh water, living among aquatic plants. 
They have a sluggish, crecj)ing gliding movement, resembling that of most 
Turbellaria. 

FAMILY II.— NOCTILUCIDA. 

(Plato XXXI. 32-39). 

This small but remarkable subsection is represented by only one animal, 
the Noctihwa miliaris, which has attracted much attention as one of the 
sources of the phosphorescence of the sea. By several recent authors it 
has been treated as a near ally of the Ciliata, although it must bo confessed 
to have few outward indications of such a relationship, and, in our estima- 
tion, is a representative of quite a diflerent and independent group of 
animals. At first sight, a Nocfihtm appears a round gelatinous corpuscle 
ha\dng a depression or groove at one part, surmounted by a filamentary pro- 
cess or tentacle. Compared ^vith the Ciliated Protozoa, it is of gigantic pro- 
poi-tions, attaining -J^tli of an inch in diameter. On closer examination it is 
found to have an integument of two layers : the outer smooth and reticular, 
structureless, and of considerable density ; the inner a delicate, granular, 
gelatinous membrane, which Dr. Webb (J, Af. S. ] 855, p. 103) describes to bo 
in union at aU points with the whole system of reticulations si)rcading from 
the central organs, — a fact rendered evident by the action of indigo and the 
primary changes consequent on death. “ The internal fibrous reticulations 
gradually contracted, drawing the ‘ vacuoles * together, and with them the 
inner membrane. This was detached without rupture, but after a time fell 
into folds, which so included the other stnictures as to have the look of a 
wrinkled tube with a series of pouches ending in a larger membranous sac. 
The external layer distended by degrees till it suddenly burst. I should 
mention that a new sui)ply of water had been given before most of these 
changes happened. I have also been successful in separating the two layers 
mechanically, by means of pressure, slowly and steadily applied to the animal 
under the screw compressor.” The external membrane is extended at one 
point into a tapering process, which acts as a locomotive organ. It springs 
from the edge of the infundibulum, which is extended backwards into a pha- 
rynx or gullet. This process or tentacle ai)pcar8 transversely striped, and 
breaks short ; of the nature of those stripes we know nothing. Dr. Webb 
believes this process to be tubular, with an orifice on the inner side at 
its base. ‘‘ At any rate,” he writes, “ I have seen the colour, when iodine 
has been used, proceed towards the distal extremity ; and under the influence 
of indigo poisoning, the granular matter of which the striqtion consists has 
been disarranged, scattered up and dowm the interior of the organ, and in tho 
end has aggregated together in small globules, without much impairing the 
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power of motion.” These appearances do not at all convince ns of the tubular 
character of the tentacle ; for they are attributable to the difference of action 
of the chemicfil reagents upon the contained matter and upon its investment. 
Dr. Webb adds — ** I have never perceived any tendency to rcstomtion of the 
lost part, nor any independent movement in the detached fragment. The 
stiimp continues active, and readily comes off at the base. The point is a 
little flattened. When the animal is killed in such a manner that this organ 
has free play, it always shows a disposition to coil up spirally.” 

Prof. Huxley’s comparison of the Noctihwa, in figure, to a peach is very 
good, and conveys a clear idea of the relative position of the external groove 
and its appendages (./. M. S. 1854, p. 50). “ One surface,” ho writes, “ is a 

little excavated ; and a groove or depression runs from one side of the excava- 
tion, halfway to the other polo. Where the stalk of the peach might be, a 
filiform tentacle, equal in length to about the diameter of the body, depends 
from it, and cxliibits slow wavy motions when the creature is in full activity. 
I have even seen a Noctiluca appear to push repeatedly against obstacles with 
this tentacle.” Behind the tentacle is a rounded or oval mouth, h«aving a 
harder margin extending from the base of the tentacle, silong its right side, in 
the form of an elevated ridge. This ridge has a horny appearance (although 
Dr. Webb declares it to be of fibrous consistence), and is usually described as 
sigmoid in outline. About its middle is a triple (tricuspid) tooth -Hkc eleva- 
tion, composed of a middle, bifid, large portion, and a smaller one on each side. 
Dr. Webb says that when this tooth is seen in profile, it has tho appear- 
ance of a conical papilla, or, with a slight change in the point of view, of a 
hooked process terminating in a sharp nib. It readily yields to pressure ; 
and I have) seen it become shrivelled up from tlio use of astringents, before 
motion ceased in tho cilium and tentacle. . . .The ridge may be sometimes 
observed in regular contractile action. Corresponding with these contrac- 
tions, I have witnessed a to-and-fro motion of tlie tooth, ns though working 
on an axis in a direction towards tho base of the tentacle, A good illustra- 
tion of this pciforraance is given by bonding the fore and middle fingers, and 
flexing th(?m on the palm of the hand.” On tho other hand. Prof. Huxley 
states that he never observed any movement in this tooth-like body. 

The oral aperture opens into a funncl-liko cavity or pharynx, from tho 
bottom of which a ciliary process extends, having a rapid undulatory move- 
ment, and retractile. Mr. Huxley only now and then detected this cilium, 
and states that it is difficult of observation ; but Dr. Webb says — “ The 
cilium may be found in every instance in which it is looked for with a 
(luarter-inch glass, or even with the half-inch, provided the creature is left 
at perfect liberty, and is made to move if not in the right position. It often 
remains at rest for some time, and then frOm above looks like a small bright 
spot at the base of the ‘ tooth ; ’ or it may occasionally be seen extended over 
the S-shaped ridge, or oven the base of tho tentacle. I have many times 
detected it in motion from behind, through tho intervening substance of the 
body, and have noticed it vibrating vigorously long after rupture of tho 
integument and partial discharge of the contents. A Ohara-trough, on shallow 
concave cell, is most convenient for observations on this part, as tho animal 
swims close to the under surface of the thin glass, and may be made to turn 
in any direction.” 

A minute oval aperture is represented both by Huxley and Webb as open- 
ing into the funnel-shaped oral cavity. This last expands into an alimentary 
space “ of veiy various form and dimensions, capable of great dilatation, and 
presenting no distinct walls, but rather excavated in the central substance of 
the body, which is connected with the parietes by numerous granular radi- 
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ating filaments ” (^Huxley's LaetureSf Medical Tiwes, 1856, vol. xxxiii. p. 611). 
These granular filaments radiate, from a central portion which seems to 
serve as a bond of union and a basis of support for all the organs about the 
oral cavity, to the integument in ever}'' direction ; and probably the apparent 
reticulation of the external membrane is due to the crossing of the very 
fine terminations of those filaments as they proceed to attach themselves to 
it. Lying amid the meshes of tliis fibrous network, cliiclly towards the 
centre of the Noctilma, are more or fewer vacuolar bodies. ‘‘ The whole 
internal network of fibrous tissue,’^ writes Dr. Webb (ojp, dt. p. 104), with 
the manner in which it invests the so-caUed vacuoles, is most beautifully 
demonstrated by the cfiect of iodine. The creature dies suddenly, without 
collapsing. Tlie progress of the fiiiid can bo traced along the fibres into the 
minutest meshes ; and there remains for a long time a transparent ball, 
traversed in every direction by the brown fibres, headed with the vacuoles 
and granules, and having every reticulation on the surface sharply defined.” 

The “ vacuoles ” rcfeiTcd to are not homologous with those of Protozoa, 
and, to avoid confusion, another name should be found for them. They are 
actual sacs or cells, with a definite membranous wall, and thus appear to 
resemble in structure the contractile sacs of Protozoa. Dr. Webb assorts 
them to be alimentary sacs ; and we gather from him the following account 
of them {op. cit. p. 1 05) : — When empty, they are usually contracted and 
grouped near the membranous tube which leads from the oral aperture — 
a few only being scattered among the internal reticulations. Their situa- 
tion is constantly changing, sometimes with a steady advance, at others by 
jerks, while the fibrous moslies with which they arc connected imdcrgo a 
relative alteration in shape. Gentle pressure wdll occasionally expel them 
through the oral or anal aperture ; but I have seem them spontaneously 
ejected without rupture, and float away from the body. In one instance 
where this occurred, and w'^here the contents consisted of granular matter, 
fragments of Diatomacece, and particles of sand, the sac remained entire for 
some time. When it burst, the membrane doubled up, the contents escaped, 
and the bits of silica w'ero characteristically shown with the ])olariscope. I 
have never knowm these gastric pouches, or alimentary substances to be 
voided by any other outlet than those connected with the central depression.” 

At the bottom of the infundibulum is a large -sized oval, or ovoid, brownish 
body, of granular consistence, and strongly refracting light, which is the 
nucleus. It lies in front of and above the gastric cavity, and, Prof. Huxley 
states {op. cit, p. 54), assumes the appearance of a liollow vesicle when acted 
upon by acetic acid. Dr. Webb writes {op, cit, p. 106) — “ The nucleus may 
be demonstrated^ as a nucleated vesicle, sometimes solitary, more frequently 
with several similar but smaller nucleated vesicles grouped around it. By 
careful manipulation it may be removed from the other strucjtiires ; and as it 
floats about, its true form is displayed. Seen in one position, you have a view 
of a round vesicle with a smaller vesicle attached to it by a sort of hour-glass 
contraction ; in another, of a round vesicle with a central spot, a nucleated 
cell. , I .have foimd the nudeus enclosed in a second membranous envelope 
with a granular yelk-like fluid, which could be seen pouring out when the 
membrane gave way.” 

The reproduction of the NoctUiidda is as yet not imderstood. Quatrefages 
and Krohn, Prof. Huxley informs us {op. dt. p. 54), “ consider that a process 
of fissiparous multiplication takes place, and that both of these observers have 
found double individuals, though very rarely. According to the latter writer, 
division of the body is preceded by that of the nucleus. I have not had the 
good fortune to meet with any of these forms ; and the only indication of a 
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possible reproductive apparatus, which I have seen, consisted of a number of 
granular vesicular* bodies of about g^^t h of an inch in diameter, scattered over 
the surface of the anterior and inferior part of the body.’' Dr. Webb (op. 
dt. p. 105) has the following observations on this subject : — “ I have never 
met with a double individual, but on one occasion witnessed the process of 
division, without, however, noting any proof of its connexion with that of 
fissiparous multiplication. Contractions of the integument took place in such 
a way as to cut off a globular mass from the body, about one-fourth of the 
whole. The two portions afterwards retained their form, with a puckered 
mark at the point of separation. The nucleus was not involved in this ope- 
ration, which occupied about two hours. 

“ It is also a matter of every-day observation, that when the body has 
been tom and nearly all the contents have been lost, the animal continues to 
live in a deformed state, if the nucleus and central parts are left together. 
They acquire a ncAv investment ; or a portion of the original integument 
gathers up round them, while the ragged shreds arc cast off. 

When several of these creatures have been kept for some time in still 
water, it is not unusual to find two of them in apposition ; but I have never 
discovered any indications of conjunction, and look upon the condition as one 
of mere adhesion. It maj^ however, have given rise to the mention of double 
individuals, as the adhesion is tolerably firm. It may easily be broken up 
without injury to cither animal.” 

In the Joum. of Micr. Science for 1855, p. 09, is the translation of a paper 
by Dr. Ihisch on the structure and function of Noctilmay in which several 
original observations are given which appear to bear on this question of de- 
velopment. There is, however, such uncertainty about them, and the want 
of confirmatory evidence, that wo deem it unnecessary to quote them, and must 
therefore refer our readers to the Journal cited. The fom*th volume of the same 
excellent periodical (p. 74) contains a translation of a paper by Prof. Muller, 
from which it appears that this distinguished naturalist had discovered Nocti^ 
luca in an encysted condition. The account ho gives stands thus : — “ These 
encysted bodies constituted the principal luminous animalcules observed at 
Jjifessina in the autumn of 1853. Free Noctiliicas at that season were not 
seen there ; and in 1849 the same kind of encysted bodies were very common 
at Nice. The cyst is a perfectly transparent, spherical capsule, with a light- 
bluish brilliancy at the edge, and appearing like the egg-membrane of some 
Crustacea. Within this cyst is lodged a body in all respects resembling the 
Noctiliica miluiris, except that at this time no vibratilo filament can be per- 
ceived. The NoctilucaAikQ creature fills the cyst more or less entirely, though 
occasionally it is much smaller. In this condition the animalcules are lumi- 
nous without being agitated. When the cysts are examined under the 
microscope in a small quantity of sea-water, in such a way that during the 
observation the saline contents are notably increased in consequence of the 
evaporation, a moment speedily arrives when the Noctiliica-like body sud- 
denly contracts itself within its case into a little nodule ; that is to say, it 
contracts upon the yellowish granular nucleus from which the filayientary 
strings of the interior proceed. I have noticed this vital phenomenon, not 
on one occasion only, but in many of the encysted animalciiles. 

“ The size of the case is usually from to But many ore far smaller, 
even down to Occasionally also, instead of a Noctiliica^ cysts may be 

observed, containing a yellow nucleus in diameter ; and once I noticed 
a cyst in size, containing, besides this rounded yellow nucleus, quite 
isolated, an extremely minute NoctiliMa^Vike body. Of the free NoctHucecc 
taken near Heligoland in the autumn, the smallest were and the larger 
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to X'" in diameter. The common variety of form, with a constriction 
of the circumference, which is noticed in free Noctilitece, and the radiating 
filamentary branching stri® beset with extremely minute granules in the 
interior, were also characteristic of the encysted bodies, which 1 should be 
more indisposed to separate from the NoctiluccB, from their possessing the 
most remarkable luminous power. At present we want the key to these re- 
remarkable phenomena, as well as all knowledge of the development and 
course of life of the NbctiluccB.^^ 

We have, in our prefatory observations on this family, alluded to the 
opinion of the affinity of Noctiludda with Ciliated Protozoa. Prof. Huxley 
{pp. ciu p. 54) has the following notes on this subject : — “ If the preceding 
account be correct, it is obvious that the animal is no Rhizopod, but must be 
promoted from the lowest rank of the Protozoa to the highest. The exist- 
ence of a dental armature and of a distinct anal aperture, are struetural 
peculiarities which greatly increase the affinity to such forms as Colpoda 
and Taramedum, indicated by Krohn. NoctHuca might be regarded as a 
gigantic Infusorium with the grooved body of Colpoda^ the long process of 
TracheliuSy and the dental armature of Nassula united in one animal. 

“ On the other hand, the general absence of cilia over the body, and the 
wide differences in detail, would require the constitution of at least a distinct 
family for this singular creature.” 

To our apprehension there is no homology between the dental armature of 
Noctiluca and of Nassulu. In the latter, the so-called teeth appear to bo 
nothing more than hardened folds of the membranous tube of the oesophagus, 
which may disappear by distension, — ^whilst in Noctiluca it is the condensed 
uncinate margin of the oral cavity on one side which constitutes the dental 
apparatus. Again, as to the presence of a distinct anal aperture, this cer- 
tainly establishes no other affinity with the higher Ciliata than it does with 
any other microscopic animalcules which possess such an outlet. On the 
contrary, there is force in the particulars mentioned as opposed to their re- 
lation with the Ciliata, viz. “ the general absence of cilia, and the wide differ- 
ences in detail;” for cilia either diffused over the body, or collected into 
groups to form a special ciliary organ, are, when taken in connexion with 
the peculiar internal organization, so very characteristic that no microscopist, 
unbiassed by imagination, would reckon Noctiluca among Ciliata. In further 
opposition to tho notion of such an affinity, it may be urged that Noctiluca \s 
destitute of a ciliated contractile oesophagus, and of a contractile vesicle, 
that it does not produce vacuoles in tho introduction and transmission of food, 
and that its so-callcd vacuoles appear to bo actual closed sacs, separable from 
tho body. Other distinctive peculiarities between tho two might be ad- 
duced ; but we think that, on reflection and a comparison between them, ob- 
servers mil agree with us that Noctiluca is not a member of the Ciliated 
Protozoa, that it cannot be included among them as a new family, but must 
be placed in some other class of animalcules, or of itself form tho representa- 
tive of a new class. 

The Noctiludda arc inhabitants of the ocean, of the luminosity of which 
they seem to bo the most potent cause, of the many which have been 
found in operation. They occur in the British seas, as well as elsewhere, 
floating on the surface of the water. Mr. Byerly, of Liverpool, noticed 
their prevalence in such numbers that tho water acquired a rose-colour ; 
and Dr. Webb {op, dt, p. 102) intimates that their luminosity must depend 
on some peculiar condition of their oigans, or the media acting upon them. 
This supposition is analogous to that made by Ehrenb^rg respecting the 
phosphorescence of the Peridiniofa, which he believed to be due to what he 



OF THE PROTOZOA. BYSTEBIA. 


387 


termed the “ ovaries,” or the masses of brownish-red matter which sometimes 
nearly fill the interior. Perhaps the brown granular matter which at times 
accumulates in and about the nucleus of Noctilucay and which is probably 
related to the reproductive function, is the luminous material in this ani- 
mal ; and there is nothing contrary to analogy in supposing the development 
of phosphorescence to be associated with a particular period of vital activity, 
but rather everything in its favour. The following valuable note on the 
collection of specimens occurs in Br. Webb’s excellent paper (ojp. cit. p. 102) ; 
— “As a caution to those who may undertake the further examination, I may 
state that the buoyancy of the Noctiluca is such as to biing it to the surface 
of tranquil water without any apparent effort, and that the best way to 
effect its capture is, not as is most frequently done, to use the muslin net, by 
which means the greater number of the creatures are lost or destroyed, but 
to skim the top, and especially those parts near the sides of the vessel in 
which the water has been standing. If removed in this way, and kept by 
themselves in a test-tube, they niay be preserved for two or three weeks 
without a fresh supply of water. Even at the end of that time, if they die, 
it does not appear to be from having reached the natural term of their ex- 
istence, but as the result of some accidental cause ; they will not, however, 
bear carriage to any great distance in closed vessels.” 

We gather the following hints for the capture of Noetihtcida from a paper 
by Col. Baddeley (T. M. S, 1858, p. 79) : — “Attach,” ho says, “ a fine muslin 
net to the end of a light polo, and proceed to some spot where the Noctilu^ 
cid^ are likely to bo driven. A breakwater which causes an eddy to collect 
MedmeSy <fcc. generally yields a good harvest. Skim the surface, and wash 
the net repeatedly in a can of salt water. At night these creatures are easily 
seen by their luminosity ; by day, if plentiful, they cover the surface of the 
sea in brownish streaks. . . .The best winds in which to capture those crea- 
tures appear to bo those from south to west ; during their prevalence, I 
have taken Noctilivcce every month of the year on the east coast of England ; 
but it is during the summer months they are most abundant, and during 
calm weather. Abroad, they are constantly to be met with in warm lati- 
tudes ; and I feel confident some interesting results might bo obtained by 
securing these creatures in various parts of the world.” In conclusion he 
refers to the Diatoniece which arc so commonly found in considerable quantities 
in their interior. 


FAMILY III.— BYSTEBIA. 

(Plate XXXI. Figs. 24^27.) 

Difsteria, which is clearly the type of a n6w family of animalcules, was so 
named by Prof. Huxley in honour of its discoverer, Mr. Byster. Although 
its exact systematic position and affinity are not agreed upon, it certainly 
occupies a position in the zoological scale above the Ciliata, if it does not 
rightly take its place, as Mr. Gosse contends, among tho Rotatoria. 

As wo have unfortunately no knowledge, personally, of this interesting 
being ; we must avail ouivaelves of the excellent description afforded by Prof, 
Huxley (./. AT. S, 1857, p. 78), and of the critical examination of its affinities 
furnished by Mr. Gosse (ihid. p. 138), 

“ Dysteria armata has an oval body, 75 ^th to -g^^th of an inch long, by 
-^th to xihj^th broad, which is not altogether sj^metrical — ^the one side 
presenting a considerable evenly-rounded convexity, while the other, less 
prominent, is divided by an angulated longitudinal ridge into a smaller, 
dorsal, and a larger, ventral area. The edges of both lateral surfaces are 

2 c 2 
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sharp and thin ; dorsally they arc separated by a shallow groove ; but along 
the ventral line of the body the groove is deep and narrow, and the produced 
Judges of the lateral parictes resemble the valves of a bivalve shell. 

‘‘ The ventral and dorsal grooves pass into one another in front ; but pos- 
teriorly the lateral edges arc united for a short space. The edge of the left, 
less convex, side of the body ends anteriorly in an obtuse point, which cor- 
responds with the anterior termination of the angulatcd ridge, and does not 
extend by any means so far forward as the edge of the right side, which re- 
mains thin, and forms the anterior extremity of the body. 

** At the anterior extremity, the largo oral aperture is seen, just below the 
angulatcd ridge, and occupying the bottom of a deep fossa, which here takes 
the place of the dorsal and ventral grooves. The left wall of this fossa is 
thickened, and projects inwards so as to form a cushion-like lobe, clothed 
witli remarkably long cilia ; and these cilia arc continued into the oral aper- 
ture itself, — ^the posterior ones being large, usually directed transversely to 
the axis of the body, and having at times much the appearance of vibratilo 
membranes. 

‘‘ The bottom of the oral fossa is strengthened by a curious curved rod, 
which terminates superiorly in a bifid tooth, while infcriorly it appears to 
become lost in the wall of the fossa. 

“ But there is a much more prominent and easily distinguishable apparatus 
of hard parts situated on the opposite or ventral side of the mouth, and ex- 
tending thence through two-thirds of tlic length of the body. It consists of 
two portions — an anterior, somewhat rounded mass, in apposition with a 
much elongated, styliform, posterior portion. 

It is very difficult to assure oneself of the precise structure of the ante- 
rior portion ; but it would seem to be a deep ring, composed of three pieces — 
two suporo-latenil and mutually-corresponding, united with a third, inferior, 
azygos portion. The latter is somewhat triangular, with a broad base and 
rounded obtuse apex, — the latter being directed forwards, and immediately 
underlying the oral aperture, while the former is turned backwards, and 
unites with the two supero -lateral pieces. Each of these is concave inter- 
nally, and convex externally, so as to form a segment of a circle, and presents 
a clear median space, the optical expression either of a perforation or of a 
much-thinned spot. 

“ The anterior edge of each supero-latcral piece is nearly straight ; but the 
posterior is convex, and it is by this edge that it articulates with, or is ap- 
posed to, the anterior extremity of the posterior division of the apparatus. 
Viewed laterally, this posterior portion appears to consist of two styles, 
Avbich are sonxjwhat like nails m shape, — their anterior extremities being 
truncated, so as to present a sort of nail-head, while the posterior ex- 
tremity seems to taper to a fine point. Rather in front of the middle of its 
inferior edge each style seems to give off a short process downwards; and 
this process is, in botanical language, decurrent upon the style. Careful 
examination of the dorsal or ventral aspect of these parts shows that the 
deeuritint process is, in fact, only the expression of a delicate membrane, which 
is bent so as to have a ventral convexity, and connects together the two 
styles. It might be said, therefore, that the posterior part of the apparatus 
is a triangular membrane, deeply excavated in front, bent so as to be convex 
downwards, and having its margins thickened and produced into styliform 
enlargements. This curious piece of mechanism is directed upwards and 
backwards, and terminates in the substance of the body without any apparent 
connexion with other parts. * 

“ The whole apj)aratu8 is moveable. The posterior portion is pushed against 
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the anterior ; and the heads of the styles come into contact with the posteiior 
convex edges of the supero-latcral pieces, and push them forwards; the 
posterior portion is then retracted, and the whole apparatus returns to its 
previous arrangement. 

In one Dysteria, which had swallowed a filament of Osclllatoria so long 
that the one extremity projected from the mouth when the other was as far 
back in the body as it could go, these movi^mcnts took place as many os 
twenty times in a minute. 

“ Mr. Dystcr further informs me that in one of these animals which he 
saw feed, the frond of Osclflatoria was rather ‘ swum upon ' than seized — 
ingestion being accomplished by a smooth gliding motion, apparently without 
displacement of the styles, — but that, when the act was completed, the styles 
‘ gave a kind of snap and moved slightly forwards.’ 

“ Mr. Dystcr is inclined to think that the Oscillatona ])a 8 sed throuyh the 
anterior i-ing-like portion of the apparatus. I have not seen the animal feed, 
but, on stnictural grounds, I should rather have been inclined to place 
the oral apoi*turo at, and to suppose that the food would pass above ^ the 
anterior ring. The apparatus is destroyed by caustic potash, but remains 
unaltered on the addition of acetic acid ; it is therefore probably entirely 
eomposed of animal matter. 

Immcdiatelj’’ above the annular portion of the apparatus, there is inva- 
riably present a remarkable amcthj'st-coloured globule, apparently composed 
of a homogeneous fluid. It has on an average a diameter of ^ jyVi'tT 
it is entirely lodged in the more convex portion of the body. In many spe- 
cimens no other colouring matter than this can be detected ; but in some, 
minute granules (y7y^-]575- in.) of a similar colour arc scattered through the 
body. Wliat connexion these have with the large constant globule is not 
clear, since, although the dimensions of the latter vary from the size given 
above to one-fourth or less, no relation could be observed between this 
diminution and the presence of the grjinulcs in other j)art 8 of the body. 

llchind the amethystine globule, the substance of the body has the ap- 
pearance, common to the Infusoria generally, of a mass of ‘ sarcode,’ in 
which the ingested matters arc imbedded, and no clear evidence could be 
obtained of the existence of any digestive cavity with distinct walls. 

“ A little behind the middle of the body, and towards its ventral edge, 
there is a clear spheroidal ‘ contractile space/ which vaiiejs a good deal in 
size. One measured diameter, and became entirely 

obliterated in the contracted state. 

‘‘ The contractions are not rhythmical, but take place irregularly. On the 
approach of death, the space becomes irregularly and enormously enlarged, 
imtil it occupies perhaps a third of the whole contents of the body. 

“ Immediately beyond the contractile space there is a curious oval body, 
having its long axis directed upwards, and containing a compara- 

tively small central cavity, so that it ax)pears like a thick-wallcd sac. 

“ Indications strongly suggestive of an inferior opening were sometimes 
observed in this body ; but no demonstrative evidence of the cxistencp of any 
such aperture could be obtained. 

The walls of the ventral groove are provided with long and powerful 
cilia — a remarkably strong one being attached behind the base of the 
‘ appendage ; ’ and by their means the animal, when free, is propelled at 
no very rapid rate through the water. Its more usual habit, however, is 
to remain fixed by means of the peculiar appendage ; and then the cilia act 
merely in creating currents, by which nutritive matters are brought towards 
the mouth. 
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** The appendage referred to is attached to the surface of the body, rather 
towards the convex side, at the bottom of the ventral groove, and is distant 
about one-fifth of the whole length from the posterior extremity. It is 
.g^th to -j-g^th of an inch in length, and is not altogether unlike a boot 
with a very pointed too in shape ; and the toe appears to be viscid at its 
extremity, so as readily to adhere to any foreign object. The appendage 
then forms a pivot on which the whole body turns about ; and this appears to 
be the habitual and favourite position of the Dysteria. 

‘‘ Internally, the appendage contains a canal, wider above than below, and 
apparently blind at each extremity. 

No ‘ nucleus ’ could bo found, though carefully sought for with the aid 
of acetic acid. 

The occurrence of transverse fission was noticed very distinctly in one 
case ; but it is remarkable that, notwithstanding the great number of speci- 
mens which were observed, no other instance of this mode of multiplication 
came under the notice of Mr. Dyster or myself. It would appear that the 
‘ apparatus ’ disappears, and is reproduced during fission ; for, in the single 
case observed, mere rudiments of it were to be seen in each half of the 
strongly-constricted mass. 

Dysteria has not hitherto been observed to become encysted, although 
this condition has been carefully sought for. 

“ The creature was found in swarms among the Algae, coating the shells 
of a Patella and a Littorina which had long inhabited a marine vivarium. 

There can ” (p. 82) ‘‘ be little doubt as to the true systematic position 
of Dysteria, The absence, in an animal which takes solid nutriment, of an 
alimentaiy canal with distinct walls, united with the presence of a contrac- 
tile vesicle, with the power of transverse fission, and with cilia as locomotive 
oigans, is a combination of characters found only in the Infusoria. In this 
class, again, the existence of a sort of shell or lorica, constituted by the 
structureless outer layer of the body ; the presence of a submarginal ciliated 
groove around a large part of the margins of the body ; and the inequality 
of the two lateral h^ves, leave no alternative save that of arranging Dysteria 
near or in the Euplota of Ehrenberg. 

“ Indeed, there is one species figured by Ehrenberg {Infusionsthierchen, 
p. 480, pi. 42. fig. 14), Euplotes macrostylus, found at Wismar, on the Baltic, 
which, in general aspect, and in the possession of a foot-like appendage, 
so closely resembles the present form, that, were it not for the absence of 
any allusion to the amethystine globule, or to the ‘ apparatus,’ I should be 
strongly inclined to think it identical with Dysteria, That an internal 
armature is not^ inconsistent with the general plan of the Euplota, is shown 
by Chlamidodon, whose apparatus of styles would probably repay re-exami- 
nation. 

Notwithstanding certain analogies which might bo shown to exist be- 
tween the manducatory apparatus of some Kotifera (see, e, g,, that of Furcu^ 
laria marina, figured by Mr. Gosse, in his excellent memoir, Phil, Trans, 
1846) a^d the ‘ apparatus ’ of Dysteria, I see no grounds for regarding the 
latter as in any way an annectant form between these groups.” 

Mr. Gosse dissents from this conclusion of Prof. Huxley relative to its 
connexion with Euplota, and considers it a member of the family Monacer^ 
cadece among the Kotifera. 

“ Presuming,” he says {J, M. S. 1857, p. 138), ** Dysteria to bo an In- 
fusorium, it must, bo a species sui generis, with no close affinity with the 
Euplotidce, An animal whose soft parts are enclosed between two deeply- 
compressed valves, and which crawls by the aid of a hinged shelly foot, is 
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widely different firom one greatly dejpressedy covered with a dorsal plate, and 
whose organs of locomotion are short flexible setae scattered over the soft 
ventral surface. 

But I am by no means sure that it should be placed among the Infusoria 
at all. Mr. Huxley observes that ‘ the absence, in an animal which takes 
solid nutriment, of an alimentary canal with distinct walls, united with the 
presence of a contractile vesicle, with the power of transverse fission, and 
with cilia as locomotive organs, is a combination of characters found only in 
the Infusoria. 

“Now the presence of a contractile vesicle, and of locomotive cilia, are 
quite as characteristic of the Rotifera as of the Infusoria. The absence of 
an alimentary canal is, I think, not proved : it seemed to mo that the animal 
possessed a defined digestive cavity, though very ample. In Sacculus — an 
indubitable Itotlferon, which carries its large eggs in the manner of a i?m- 
chioniLs — the alimentary canal, without apparent distinction of stomach and 
intestine, is so largo that it occupies fully five-sixths of the whole volume of 
the loiica ; and though it is invariably found filled with a green Alga, on 
which the animal feeds, the walls of the digestive cavity arc not better defied 
than in Dysteria. There remains, then, only the fact of increase by trans- 
verse fission. This, I confess, is a strong point, it* well establislied. But it 
does not seem certain, from Mr. Huxley’s words, whether he witnessed the 
progress of constriction from an early stage imtil two perfect animals were 
formed out of one, or only saw an in£vidual so strongly constricted that the 
result seemed legitimately inferable. If the latter was the case, is it not just 
possible that it was an example, not of spontaneous fission, but of malforma- 
tion, instances of which are frequent among the highest animals ? It is highly 
worthy of note that the nucleus, so characteristic of the Infusoria, was not 
found, even under careful search with acetic add, 

“ The presence, position, and movements of the foot, hinged as it is upon 
a tubercle, and the form of the principal organs of manducation, seem to me 
to determine the place of Dy sterna wnthin the class Rotifera ; while, at the 
same time, the lack of internal motion, the apparent want of distinct muscle- 
bands, the great extent of the vibratoiy cilia, and the absence of a rotatory 
arrangement, show that it occupies one of the vanishing points of the class.” 

Mr. Gosse next proceeds to examine to which group of Rotatoria it ap- 
proaches most nearly, and concludes, as above intimated, that it ought to 
have a place in the family Monocercadece, represented by the genera Mom- 
cerca and Mastigocerca, although, at the same time, a very aberrant genus. 
He adds “ that it has also remote relations with the Salpinadce, and especially 
with the ColuridcB (through Monura) ; and that it is an annectant form be- 
tween the Rotifera and the Infusoria (i, e, the Ciliata), with a preponderance 
of the characters of the former class.” 
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Sect. IV.— OF THE ROTATORIA OR ROTIFERA. 

(Plates XXXII.-XL.). 

General Characters. — Symmetrical animals, having a distinct head and 
body ; the former surmounted by a wreath of cilia, the latter presenting 
transverse folds or joints, with a simple alimentary canal and internal maxil- 
lary apparatus ; a muscular and a water- vascular system ; nerves and nervous 
ganglia, but not arranged in a symmetkical chain ; reproductive organs sepa- 
rate in opposite sexes ; and propagation without undergoing actual metamor- 
phosis, by ova of two forms. The Rotatoria, moreover, are destitute of limbs 
in pairs, but have mostly the posterior extremity of the body produced as a 
powerful, although a symmetrical, organ of locomotion, in which a transverse 
articulation' is particuhirly evident. 

This is a very natural group of animals, — its characters being definite, and 
readily recognized by reason of the comparatively large size and transparency 
of the organisms. The name Rotatoria, sometimes exclianged for Itotifera, 
is derived from the apparent whirling or wheel (rofrt)-liko motion of the 
ciliary wreath around the head, seen in most species. Since this rotary 
movement is not universal, and at best but an ocular deception, some ob- 
servers have been discontent with the appellations derived therefrom ; and 
Dujardin, for one, has suggested as preferable the term * Sysiolides,^ as 
indicative of the remarkable contractile and flexible nature of their bodies. 
They are also still spoken of imder the old name of ‘ wheel-animalcules ; ’ 
indeed, the early observers of the class actually believed the animals to be 
furnished with wheels, by the rotation of which they moved. 

External Form, Integument, and Afpendages. — ^Tho Rotifera are symme- 
trical, and in this respect contrast with the asymmetrical Protozoa. They 
present a determinable dorsal and abdominal surface, and consequently a right 
and a left side. They have an oblong, ovoid, or much-elongated figure, and 
are mostly separable, by the presence of a constriction more or less developed, 
into an anterior segment or head, and a larger posterior one or trunk. The 
extension of the latter in a tail-like fashion may be regarded as a third seg- 
ment. The constriction or narrower portion behind the head is frequently 
called the neck ; this is wanting in many cases, and then the head is undistin- 
guishable from the trunk as a distinct section, e, g, in Notommata MyrmeUo. 
On the contrary, the separation of the head from the trunk is well seen in 
Brachionus (X!^IX. 15-18; XL. 11), Steplianops (XL. 8-10), Euchlanis 
(XXXIX. 4), Noteus (XXXVIII. 25), and Melicerta (XXXVII. 17). The 
articulation of the tail-like segment is always evident. In a certain number 
this prolongation is wanting ; and the animal is then tailless, — e. g. Anurcea 
(XXXV. 495-498) and Sacculm (XXXIX. 18). 

To facilitate the recognition of the general divisions of the body of Rotatoria, 
considered as bilateral symmetrical animals, Mr. Gosse furnishes the following 
remarks (Phil, Trans. 1855, p. 424) : — The bilateral organization is, he ob- 
serves, in most cases obvious, — ^the motions of the animal, like those of the 
footed larvce of insects, being performed on the belly, with fie head foremost. 
"Where this is not the case (as with those genera which, either with or with- 
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out an enveloping tube, adhere to foreign substances by the tip of the foot, 
and elevate the body in an erect position), the dorsal aspect is alwayB deter- 
minable by the eye or eyes being towards that surface, by the stomach and 
intestine passing down it, and by the cloaca being on that side of the foot. 
The ventml aspect has the manducatory apparatus and the ovary.” 

But, besides these great divisions, all the llotifora exhibit transverse lines, 
folds, or joints, analogous to those seen in the Articulata, especially among 
the Crustacea, such as the lobster and shrimp. Mostly, such are but folds or 
wrinkles, and not true articulations, in the Rotatoria (though perhaps as much 
so as the like in the larvae of many insects), and consequently disappear on 
the extension of the animals. However, in not a few instances, veiitablo 
articulations occur, — e. g, Hydatina, Itotifer, Eosphora, Philodhia (XXXVIII. 
1, 2). In Euclilanis dilatata, writes Rhrcnbcrg, the abdominal surface pre- 
sents four decided articulations. The minimum development of the articulate 
condition occurs in those genera the most removed from the Rotatoria! type, 
viz. in StepJianoceros (XXXVII. 1), Lammlaria (XXXVII. 19), and some 
anomalous Notommata (XXXV^III. 28), which only present fine lines under 
the surface, looking like annular threads. The construction of the joints is 
peculiar, one portion or segment sliding %vithin another after the manner of 
the tubes of a telescope. This telescopic action is best illustrated in the 
genus Philodinay where the entire body is fusiform and aHiculatcd ; but it is 
oftentimes to be seen also in the tail-process, when absent or imperfect in 
the rest of the body, — e.g, Brachiomis, Noteus (XXXVIII. 25), Stephanops 
(XL. 8-10), Ecaridlum (XXXVIII. 22). An incomplete articulation, or 
mere wrinkling, is seen in the pedicle of Megahtrochay MelkertUy and TjxdnU’- 
laria (XXXVII. 17-19). 

All the Rotatoria arc invested by a firm, usually smooth and elastic, 
integument or skin, which follows the contained parenchyma in all its con- 
tractions, accommodating itself to the various movements of the body. It is 
more delicate on the head, where the ciUa arc inserted, and there becomes 
continuous with the membrane of the interior. It is composed of two layers 
— an external, the cuticley and an inner, immediately subjacent, the dermis 
(XXXVIII. 26). Where the structure is not evident, it may be rendered so 
by the use of chromic acid. The cuticle is homogeneous, structureless, and 
firmer than the dermky which is soft, granular, and contains in its thickness 
numerous fat-globules and nucleated particles (XXXVII. 29). The latter 
tissue acts as a lining to the general cavity of the body, and gives attachment 
to the muscular cords of the interior. It is much developed about the head, 
beneath the vibratilo ciliary apparatus, and there sends inwards numerous 
projections or lobes (XL. 2), which Ehrenberg assumed to be of ti muscular 
nature, and to be permeated by vessels and nerves. At other parts also, 
delicate fibres or threads are seen to pass inwards from the dermis to the 
viscera, sustaining and connecting them together. These fibres have some- 
times been described as muscles, at other times as nerves. The former is 
apparently their true nature, although, as Cohn believes, nerve-fibres may be 
mixed among them. 

The integument is histologically, i, e, in its anatomical nature, a connective 
tissue derived from the coalescence of branching cells, and still presents in 
its inner layer the scattered nuclei of the original cells, in the form of the 
nucleated particles described. Where the dermis is much developed, its soft 
tissue becomes here and there hollowed out into clear spaces or vacuoles, 
which have been mistaken for nerve-ganglions, especially when situated in 
the head (XXXVII. 29). So, again, at the posterior part of the body, 
behind the viscera, and in its prolongation or foot-process, where the dermic 
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tissue abounds, the vacuolar thickenings have been conceived to represent 
ganglions or, otherwise, glands. 

The cuticle, or external limiting membrane of the integument, is hardened 
by the deposition in it of the peculiar chemical principle cMtine^ the same 
which imparts firmness to the covering of Entomostraca, Insects, and other 
Articulata ; or if not actually chitino, it is a substance closely allied thereto. 
This is Loydig’s opinion, and it seems sufficiently confirmed by the reaction 
of chemical agents. Thus, he shows that caustic alkali (potash) does not dis- 
solve the cuticle when it possesses, as it usually docs, moderate firmness, in 
other words, when an infusion of chitine exists in its substance. But when 
the animal lives ^vithin an external case, and does not need the protection of 
an immediately investing skeleton, the chitine is absent, and the integument 
dissolves in the alkali. The analogue of this may bo found among the 
Articulata. 

The prevalent opinion has boon, that the dense cuticle or external skeleton 
of Kotifera difierod from that of the Crustacea and other Articulata in not 
being of a chitinous nature ; and this hypothesis was used in arguments 
relative to the afiinities of the llotatoria. Thus Kaufmann advances it as a 
decided distinction between this class and the Tardigrada ; but, as Loydig 
remarks, the skin of the latter animals is even more affected by potash than 
that of the llotifcra (see section on the Affinities of Rotatoria). 

The cuticle, as just intimated, differs much in firmness and thickness in 
different species. It is softest in those which live in an external case — e, g, 
StephanoceroSy Melicertay 'I'uhicolariay — and in such as are invested by a 
gelatinous sheath — e, g, Notommata centrura. In Diglena, Notommata aurita 
(XXXVI. 3, 4), Asplanchna, and others, it is firmer, but still flexible ; 
whilst in such genera as Brachionm (XXXIX. 16, 17, 21), NoteuSy Salpinay 
and Euchlanis (XXXIX. 4) it attains a rigid, horny consistence, resembling 
that of the shells of Entomostraca. Even where the skin is of considerable 
firmness, it is yet capable of distension, as Perty observed in the Scaridium 
hngicawlum when its stomach was stretched with food. The form of the 
body is much mo^fied by the degree of firmness of the integument. When 
this is soft and yielding, or flexible, the figure is rounded, and more or less 
elongated, and may taper towards one or both extremities ; but when the 
cuticle is much hardened, the rounded configuration is often lost, and various 
irregularities in form result. Eor example, in Metopidia and in Eachlanis 
dilatata (XXXVIII. 6) tho body is ovato and compressed, or depressed ; in 
Emhlanis triquetra it is triangular (XXXIV. 443) ; in E. Upposideros and in 
LapaddXa, ( X X XI V. 430—432) the dorsum is convex, the abdominal surface 
flat; in Noteus quadricomis (XXXVIII. 25-27), suborbicular and com- 
pre^ed ; in Mastigocerca carinata and Batulus carinatus (XXXIV. 438-440) 
it is prismatic, with one angular ridge or crest; in ColuruSy compressed 
laterally. 

There is, besides, a direct relation between the segmentation of the integu- 
ment, the perfection of its articulate condition, and the degree of firmness of 
the integument. Tho soft-skinned Rotatoria only throw their bodies into 
folds durmg contraction, whilst those with firmer cuticle, such as Philodincea, 
devolope the sliding joints, and, lastly, those (e. g. Lepadella and Euchlanis) 
which have a dense homy covering present two or three decided segments, 
recalling in form and disposition the divisions of the external skeleton of the 
monocular Entomostraca, or even of the higher Crustacea. 

Where tho cuticle is condensed into a rigid, homy lamina, defending the 
animal like the shell of a Crustacean or the carapace of a tortoise, it may 
well be termed a testa, tcstula, or lorica. This last name was very loosely 
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used by Ehrcnberg, being alike applied to the soft, pliant skin, to the hard 
shell-like cuticle, and to the loose and large external cases in which some 
Kotatoria Uve, as do the Coralline Polypes, in a cell or chamber. If limited, 
however, in its signification, as above suggested, the term may still be use- 
fully retained, and is preferable to the word ‘ shell,’ which peculiarly belongs 
to the habitation of the MoUusca. Ily some authors the term carapace is 
employed ; but to this there occurs a similar objection. 

The lorica received from Ehrenberg various names, according to its form. 
Where a firm cuticle entirely enveloped the tnmk, leaving the head and tail 
free, it constituted a testula^ as in Pterodhia ; where it covered only the upper 
surface and sides, it formed a scutellum or shield, as in Monura (XXX I V. 
457- 459). The term ‘ carapace,’ employed by some authors, is equivalent 
to scutellum. The anterior and posterior openings of a testule vary much in 
different species ; and an equal diversity occurs in the space left uncovered 
by a scutellum. This space is small and very naiTow in Euchhmis lAjnceuSy 
in E.pyriformis, and in E, dejleoca. In the last, moreover, the free edges are 
bent outwards at right angles. In several genera, again, the lorica appears 
composed of an upper and an under plate, or is, in other words, bivalved. 
This is seen in Dinocliaris (XXXI V. 454, 455), Salpina, and Cohirus, 
resembles the envelope in some of tlie lower Crustacea, as Cypris, In a few 
Rotifera, e, g, Euchlanis (XXXVIll. 5), the lorica appears much too large, 
the contained viscera only partially filling it. An increased firmness of the 
lorica enables it to resist decomposition longer than its soft (;on tents ; hence 
the occurrence of empty ones. Where the integument is of sufficient firmness 
to present an anterior and posterior margin, it is subject to many variations 
in form. Thus it may be truncate in front, as in Hydatina, Diglena 
(XXXIII. 403-405), and Polyarthra (XXXVIll. 30) ; or behind, as in 
Notommata Felis, It is crescentic in Metopidia ; deeply and widely notched 
in Lepojdella patella ; has several spines, in front only, in Anurcea ; and both 
anteriorly and posteriorly in Noteus, Salpina (XXXIV. 447-453), and Bra^ 
chionus (XXXIV. 499-501). Sometimes the spines are so short and wide, 
that the border appears simply dentated or undulated ; in other cases, spines 
may be long and strong, and themselves dentated, as in Noteus quadricornis 
(XJQtVIII. 25). Not only do the anterior and posterior margins differ, but 
even those of the upper and under surface of the lorica, for example, in 
Salpina spinigera and in S, mtu^ronata. Animals with spines projecting from 
the anterior margin, Ehrenberg speaks of as ‘ horned J 

The surface of the integument is variously modified. Ths slightest change 
from the normal smooth condition consists in ashagreened, dotted, or stippled 
surface, or in the presence of fine lines, — e, g, in Anurcea inprmis, Dinocharis 
and Diglena lacustris. In Notommata ceretrura, fine silky prominences clothe 
the suriace. In Noteus quadricornis and Brachionus militaris, the points are 
elevated, and give the surface a rough (scabrous) aspect. lines crossing each 
other, producing a tessellated or reticulated conation, are seen in Anurcea 
curvicomis and in Brachionus Bakeri ; whilst in Anurcea testudo, Brachionus 
militaris (XXXIX. 21, 22), and Noteus quadricornis (XXXVIIL 2§) the 
lines assume the character of ridges, and divide the surface into squares or 
facettes. Radiating or curved striae are seen in Anurcea striata and A. 
foliacea, which in Euchlanis Lynceus are replaced by flutings. 

The elevated points may assume a further development, and project from 
the surface in the form of curved spines or hooks {acuUi), as in Philodina 
aculeata ; or they may bo so extended in length as to form long spines or 
rigid styles or sdse having particular functions, as in Triarthra (XXXVIll. 
30, 31, 32), and Polyarthra, where they are important organs of locomotion. 
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In the last-named genus they attain a still more complex nature, and assume 
a plumose (feather-like) structure (XXXVIII. 30). 

The opposite condition is seen in depressions or pits, few and scattered, on 
the surface of the integument, often apparently surrounded by a margin. 
Illustrations are found on the dorsum of Polyarthra, of Notommata Myrmeleo, 
and of N. Sieholdii (XXXVII. 32). 

All the markings and processes of the integument of Hotatoria are produc- 
tions of the chitiiious cuticle, just as hairs, feathers, horns, and claws in the 
Vertebrata originate from the epidermis. They are similarly affected by 
chemical reagents, and decompose with the same facility as the integument 
which supports them. They are, moreover, of much value in supplying 
generic and specific characters. 

Several genera possess, in addition to the integument immediately investing 
them, an external sheath or case, to the bottom of which they are attached 
by a prolongation of the body in the form of a contractile pedicle. This 
external sheath received from Ehrenberg the particular designation of 
‘ urceolus ; * and conseciuently the beings inhabiting it were said to be urceo- 
lated, or, as many prefer to say, are ‘ encased.’ The composition of the case 
^i^es greatly ; for, although it originates always as a secretion from th(i 
animal itself, the substance differs in different genera, both in its characters 
and modes of formation : moreover, in some species, particles of foreign 
matters are superadded, to give it strength and solidity. 

The cases of Floscularia (woodcut. Part II.) and IStepJiamceros (XXX VIT. 
1) are colourless, and apparently structureless, and, though roomy, are visible 
with difficulty on account of their tenuity and transparency. They are best 
demonstrated by the addition of some colouring matter, such as indigo, to 
the water in which they are examined. An exception to the usually tmns- 
parent homogeneous case of Flosculurm occurs, according to Dr. Dobie, in F 
campanulata, Dujardin, again, asserts that the urccolus of Floscularia may 
vanish during the lifetime of the animal, and that in many French species 
it is always absent ; he therefore denies its value in generic distinctions. 
His statements, however, require confirmation, being opposed to the observa- 
tions of other naturalists. 

Again, the tubes of (Ecistes, ComchiluSy and Lacinularia arc hyaline, with 
a more gelatinous consistence, and, in the two last genera, adhere together. 
In ConocJiilus the individuals are aggregated around a central globule of 
gelatine, from which they project like so many rays ; whilst in (Ecistes each 
urceolus is free, but has its surface encrusted with foreign particles. Tuhi- 
colaria (XXXII. 379) has a thick gelatinous case, of a milky hue, which, 
from its effervescing on the addition of an acid, is attributed to a deposit of 
carbonate of lime within it. In yOung animals the case is quite transparent. 
This is also true of the urceolus of Limnias (XXXVI. 2), which, as it grows 
older, changes to a brown and brownish-black colour; and, os it is viscid, 
various extraneous bodies affix themselves to it. In one newly-discovered 
species, the usually smooth surface is departed from, and the case becomes 
annulated, and is also semitransparent. Dr. Bailey found in North America 
a species of Melicerta with a brown annulated urccolus. But the most re- 
markable tubular sheath is that of Melicerta ringem (XXXII. 386 ; XXXVI. 
1), which is composed of equal-sized lenticular pellets, of a brownish- red 
colour, and of a substance secreted by the animal itseK and deposited in a 
regular oblique or spiral series. This wonderful phenomenon will be consi- 
dered hereafter, in the section on Secretion. The cohesion of particles of 
foreign substances to the enclosing tubes is seen also in soihe Annelida, and 
in the aquatic larvse of certain Insects. 
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The urccolus serves as a place of shelter and defence for the adult uniinal, 
and also for the ova it deposits. The latter often remain within the case 
until they are hatched, l^he necessity for shelter is entailed by the fixed 
condition of these Rotatoria, because, unlike the free animals, they cannot 
escape their pursuers by flight. By means, therefore, of their highly con- 
tractile pedicles they can entirely withdraw themselves within their tubular 
dwelling, until the threatening danger is overpast. Ehrenberg, however, 
states that the animal may detach itself from its case and swim away free : 
if tliis be true, we must suppose it will again affix itself and proceed to con- 
struct another urceolus. The possibility of this acquisition of freedom is 
favoured by the analogous detachment of Vorticelhn, and the formation by 
them of a new pedicle on reattaching themselves. Empty urccoli are indeed 
not uncommon ; but, unless the process be witnessed, it is impossible to say 
whether the inliabitant has quitted its abode at will, or disai)pcared by de- 
composition after death or by becoming a prey to other animals. Mr. Gosse 
noticed that a Melicerta, which had its case slit up for some distance, pro- 
truded itself through the opening ; and during several days’ observation, 
though it made pellets, they were never deposited in order to repair the 
breach, but were allowed to float away : this observation docs not support 
Ehrenberg’s above-cited opinion. Each member of a colony of adherent 
Rotatoria is generated free, and swims at large until it chooses to join its 
follows in becoming fixed. The encased Rotatoria attach themselves to any 
convenient substance in the water, especially the stems and leaves of water- 
plants. The single individuals are many of them just visible to the naked 
eye ; and where they unite in compound masses, they can be detached in the 
form of jelly-like globules, having a milky hue, often -j-th of an inch and 
upwards in diameter. Tubes of Melicerta and 2'uhicohria occur from ^th to 
^th of an inch in length. 

An external envelope is found in a few free Rotatoria in the form of a soft 
gelatinous coating, — ^for example, in Notommata Copeus and N, centrura 
(XXXVTII. 26). In the latter species, moreover, this coat exhibits a regular 
arrangement of fine molecules within it, and a consequent apparent striation. 
Ehrenberg describes the confervoid fibres of Hycfroci'ocis as sometimes para- 
sitic on this gelatinous in^'olucre; but this account Leydig doubts. It is 
certainly, however, not improbable, since urceoli of every variety furnish a 
favourable nidus to parasites, both vegetable and animal; and this writer 
himself speaks of Vibrios adherent to the hyaline case of Ste^hanoceros, on 
the surface of which, as he imagines, they sometimes give rise to an ap- 
parent striation. 

Appendages OF Rotatoiiia. — Each great division of the^body is furnished 
with certain prominent parts or api)endages, adapted to supply various re- 
quirements of the economy. The appendages of the head and neck exceed 
all others, both in number and importance, — the rotaiy organ, the peculiar 
characteristic of the class, being one of them. 

This latter organ is essentially a ciliated lATcath or circlet, mostly sup- 
ported on an expanded margin or disk, and subject to considerable .variations, 
which ai*e employed in the classification of these animals ; the rotaiy is also 
called the rotatory organ or disk, the trochal disk, at times, less definitely, 
the ciliated disk or wreath, or the wheel organ. 

Ehrenberg employed the rotary organ in its different modifications as the 
basis of his classification of the Rotatoria, making two chief types, in one of 
which the ciliated ring was single and complete, in the other subdivided into 
several independent portions or secondary wheels. A subordinate type pre- 
sented two equal symmetrical circlets of cilia, forming a pair of wheels. To 
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the first of these groups he gave the name of Sorotrocha^ to the second Poly-- 
troeha, and to the last Zygotroeha. llie further subdivisions which he formed, 
and the names he applied to the varieties of the rotary organ, will be ex- 
plained in the section on Classification. The belief in actually compound 
trochal disks has been shared by nearly all observers, and both Perty and 
Siebold adopt it along with Ehrenberg*s classification. On the other hand, 
it is denied by Leydig, who affirms that the disk is never divided into 
such secondary wreaths or lobes, but always constitutes one continuous 
margin, variously extended and folded, and, it may be, furnished with inde- 
pendent accessory ciliated disks. This able writer rcmai*ks — It is only to 
the exceptional genera Stephanoceros and Fhsculariaf that Ehrenberg’s term 
Poly troeha can be rightly applied. In truth, an observation recorded by tho 
great micrographer himself negatives his hypothesis of polytrochous division, 
that, viz., where he applied strychnia to the rotary organ of Hydatina, which 
became thereby reduced to a simple whorl of cilia.” 

The various degrees of complication assumed by the trochal disk are thus 
detailed by Leydig : — “ It forms a simple ciliated margin around the mouth 
of Notommata tardigrada ; in Stephanops (XL. 8, 10) it is wider, more pro- 
minent, and triang^ar ; in EivMmmlota, Polyarthra (XXXVIII. 30), Di- 
glena, Distemma^ Hydatina (XL. I), PUurotrocha, and others, it occupies the 
entire periphery of the head, and is not at all, or but very slightly, elevated 
as a distinct disk above it ; in Notommata CopeuSy N. aurita (XXXVI. 4), 
and in Synchostay it is enlarged and elevated as a distinct disk on each side of 
the head, forming tho ears ” so called by Ehrcnberg ; in other instances it 
is enlarged, and projects on the ventral surface of the animal like a ciliated 
trunk or proboscis. A higher development is seen in BracMonus (XXXIX. 
15-18) and Philodinay where the ciliated border is involuted and extended 
upwards laterally (XXXVIII. 2) ; and lastly, in Megalotrochay Lacinularia, 
Melicerta (XXXVI. 1 ; XXXVII. 17), and Zdmnias (XXXVI. 2), tho high- 
est complexity is reached, and the trochal disk appears to be an appendage 
surmounting the head, expanded in the form of a sinuous or lobed ciliated 
margin.” In the variety last mentioned, Mr. Gosse speaks of tho expanded 
lobes under tho name of ** petals.” 

The row of cilia fringing the rotary organ is often single, but in several 
species is double, and even treble. Mr. Huxley has noticed its double con- 
dition in Lacinularia socialis. To quote his description — “ The edge of the 
disk has a considerable thickness, and presents two always distinct margins, 
an upper and a lower, of which the former is tho thicker, and extends beyond 
the latter. Tho large cilia are entirely confined to the upper margin, and 
form a continuous horse-shoc-shaped band, which, upon tlic oral side, passes 
entirely above the mouth. The lower margin is smaller and less defined than 
the upper ; its cilia are fine and small, not more than one -fourth the size of 
those of the upper margin. On the oral side this lower band of cilia forms 
a V-shaped loop, which constitutes the lower and lateral margins of the oral 
aperture. About tho middle of this margin, on each side, there is a small 
prominonge, from which a lateral ciliated arch runs upwards into the buccal 
cavity, and, below, becomes lost in the cilia of the pharynx. The aperture 
of the mouth, therefore, lies between the upper and lower ciliated bands 
(XXXVIII. 21).” 

Prof. Williamson has signalized a like arrangement in Melicerta (XXXVII. 
17), and Leydig in BrachionuSy Pterodina (XXXVIII. 29), and Megalotrochcra, 
The latter writes — “ On the free surface of tho head of Brachiomis (XXXVIII. 
14, 15), two lateral and and a median lobe elevate themselves, which Huxley 
compares to the two ciliated borders of Lacinnlaria, — an interpretation that 
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has very many arguments in its favour, and in support of which I may 
adduce the structure of the rotary organ of Pterodina. This species, belong* 
ing to the family of Brachionxay has its free projecting lobes furnished with 
a double row of cilia, analogous to what occurs in Megalotroelia. That the 
wheel organ of PhilodinoBa also is referriblo to the same type, is evident 
from the account Huxley gives of HP 

Cohn {Zeitschr. 1855, vii. p. 437) describes two complete rows of cilia, 
besides five or six special ciliary bundles, on the head of Hydatina senia 
(XL. 1). On the outer margin is an unbroken row of long and fine cilia, 
extending thence into the oral fissure, and still further, into the oesophagus. 
Within this circle is an inteirupted one formed by 6 or 7 (Ehrenberg counted 
11) bundles, having few or many broader and longer cilia, nearly resembling 
the sotflD on Stylonychia, and supported on as many cushion-like eminences. 
Lastly, the third series is unbroken like the first, and composed of finer cilia, 
disposed in a quincuncial manner in two lines. All the parts of this ciliary 
apparatus work harmoniously together in effecting the movements of the 
animal or in securing the capture of food. 

The figure of the trochal disk (XXXYIII. 14, 15, 20, 21) varies exceed- 
ingly, as the quotation from Leydig indicates, and is especially influenced by 
the addition of supplementary ciliated eminences. Tn Megalotroelia (XXXJI. 
374-378) the disk is horse-shoc-shaped ; in Melicerta it is petaloid, or, as 
Prof. Williamson called it, Jlahellifo}*m ; in Rotifer it is seen under two forms, 
according to its degree of expansion, cither as a single conical eminence, or, 
when completely unfolded, as two cylinder-like processes, one on each side 
of the head, apparently whorling like two wheels. In the family Brachio^ 
nasa (Ehr.) accessor^’’ disks or processes give rise to much complication 
(XXXIX. 15-22). Ehrenberg described this family as having two ciliated 
organs — a central one of three parts, and a lateral one of two, — the latter 
being the true wheel organ, and the former, frontal processes which are stiffly 
extended whilst the rotary oigan is in action. An appendage such as that 
last named, in NoteuSy he designates a threc-lobcd ciliated brow. 

Exceptional or aberrant forms of the ciliated disk are seen in Floscutan'iay 
in Stephanoceros, and in Lindia (XXXIX. 1, 3). In the first, the head 
(XXXVII. 1) is smmounted by five ciliated flattened lobes, ending in knob- 
like processes which bear very long, divergent, non-vibratile htiirs or cilia 
of uniform thickness {see woodcut. Part II.). “ These exceptional cilia,’^ says 
Dr. Dobie, are slowly moved and spread out by the contractile substance 
of the lobes of the rotary organ.” In StephamceroSy the departure from the 
normal stnicture is stUl greater (XXXVII. 1), — so much so, that the 
ciliated appendages have no claim to the title of a rotary organ. Five long 
arms extend from the head, like five tentoclcs, covered by cilia in rings (ver- 
ticcllate cilia). These arms not only act like a common trochal disk by pro- 
ducing a vortex directing all particles within its range to the mouth, but also 
as organa of prehension, closing themselves on any larger object which may 
come within their grasp. This ciliated armature around the head boars a 
close resemblance to that of the cilio-brachiate Polypes or Bryozoa, .to which 
class of animals, indeed, several distinguished naturalists have rcfijired the 
genus SteplianoceroSy not merely on account of this one affinity named, but 
also from several other coincident characters. A third peculiar form of rotaiy 
organ has been recently pointed out by Cohn in Lindia {Zeitschr, 1858, p. 
284). It takes the form of a club-shaped process on either side of the head 
(XXXIX. 1, 3), having its extremity somewhat expanded and spherical. 
Cilia exist o^y cm the round summits of these processes ; there is no whorl 
around the margin of the head, none elsewhere on the body ; and this ex- 
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ample may be adduced as that of the least complicated rotary organ among 
Rotifera. 

It is in these aberrant forms alone that the ciliated apparatus can be strictly 
called polytrochous in them, also, the wheel-like motion is completely 
absent. This peculiar motion, on the contrary, is most evident where the 
wreath is a simple circle, as in Comchiliis and Actinurus, or where, as in 
Rotifer and Philodina, it is peculiarly involuted, although continuous. Where, 
on the contrary, it is interrupted by a notch at any point, or is sinuated, or 
complicated by supplementary processes, as in Hydatina (XL. 1), DigUna^ 
many Notommata (XXXVII. 29, 32), Synchoetay &c., the illusion of com- 
plete revolutions va-nishes. 

Formerly, tho belief existed that an actual whirling of the ciliated cephalic 
appendages took place, and that tho little animals moved along, by tho aid of 
these wheels, after the manner of a steamer with its paddle-wheels. Such 
an opinion is no longer entertained ; and various explanations of the apparent 
rotary motion are now offered in its stead. Diitrochet attributed it to the 
undulation of a delicate membrane fringing the head of the Rotatoria. 
Faraday explains it by supi^osing the distinct cilia to become visible by 
slowly returning to an erect state, after having previously been suddenly 
bent. Ehronberg assumed the existence of four muscles at the base of 
each cilium, — each muscle acting in its own direction, and so producing a 
revolution around tho fixed point of attachment or base of tho cilium. In 
this way, each cilium would bo alternately nearer to or more remote from 
tho eye, and more or less visible. 

Another explanation has been offered by Dujardin. He says — “ Tho vibra- 
tile ciHa being arranged parallel and at equal distances, will equally refradt or 
intercept the light, and none will be more visible than the rest ; but if, by a 
movement propagated along the row of cilia, some, momentarily inclined, are 
brought into juxtaposition with adjoining cilia, the light will be more inter- 
cepted, and a band more or less dai'k will be the result. It can be imagined, 
therefore, that if tho cilia come to bo inclined one after another, a series of 
juxtapositions, or of apparent intersections will bo produced in the direction 
of the general movement. Further, if each of the intersections preserve the 
same form, as if produced by a number of equal lines, and are equally in- 
clined to each other, an appearance of a solid body of a definite form, like tho 
tooth of a saw or the spokes of a wheel, moving uniformly, presents itself to 
the eye.” 

The action of tho trochal disk is under tho control of the animal. The 
cilinr}’’ movement can be arrested at will or exercised with varying rapidity ; 
or tho whole organ may be retracted, partially or entirely, within the body. 
When completely withdrawn, tho ‘ciliary wreath can frequently bo detected 
at the fore part of the animal, oftentimes deep within the trunk, and gene- 
rally in tho form of a striated cylinder at the bottom of a fimnol-like canal. 
In complete retraction the anterior extremity of the body is involuted, or 
doubled inwards, and supports, as it were, the ciliated wreath within, whilst 
the contractility of tho integument at the margin closes tho entrance pretty 
accurately, giving a more or less conical outline to the fore part of the ani- 
mal (XXXVII. 19 ; XXXIX. 17). In complete retraction of the trochal 
disk, the antenna-like processes which may be seated on it are also with- 
drawn ; but at other times, when the inversion is incomplete, these processes 
continue to project from the head, and in the process of evolution are always 
the first to appear, as if intended to test the safety of unfolding the delicate 
ciliary wreath. • 

The inversion of the ciliaiy' apparatus and appendages is efiected by strong 
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muscles arising within the abdomen, which draw downwards, and therefore 
inwards, the disk to wdiich tliey arc attaclied. At tlie eommoncemont of 
their traction, they draw together the sides of the ciliarj’’ whorl, then pull 
inAvarils the cilia, Avhich are previously colle<5icd in a cylindric?al manner, and 
at last cause the inversion of the integument immediately beneath tlic disk, 
when the now anterior extremity of the body contracts itself upon the in- 
cluded parts. This process of inA-oliition may be arrested by the animal at 
any stage ; thus, sometimes it is stayed when the cilia arc grouped together 
in a cylinder-like heap, and still project from the head like a pencil ; or, 
as above mentioned, the cilia may be withdrawn, and some process or an- 
tenna be left protruding. The collection of the cilia into a brush-like group 
during the jjrocess of retraction is well exemplified iji the long cilia of Flos- 
cularia ; and in Itotifer and Philodina we luwc a spe(*ial (;xam]ile of the j^ro- 
inision of a ciliated process during the involution of the major pai't of tlie 
trochal disk (XXXVIII. 1). In the genem last citi'd, this median process 
serves as the anterior organ of progression when the animals advance in a 
leech -like manner, and disappears when the pair of troclial oi-gans are 
evolved and the ci*awling movement is changed to swimming. 

The rcitraction of the trochal disk we may su])x>ose to be controlled by the 
Avill of tlie animal to arrest its motion or to avoid danger. Aiiothei* motive 
is conceivable, especially in the case of the attached species : for the cilia, 
Avlieii in active operation, attract evxry sort of particle within their vortex — 
as Avell those appropriate to nutrition as others noxious or Avhich have 
been lately discharged and still float about the animal ; hence it may be ne- 
cessary to arrest their action, withdraw the disk, and close all access to the 
interior, until these unfit substances arc floated aAvay and have been replaced 
by others. 

The ciliated mechanism of the head is, as just hinted, the active agent in 
procuring food, by dragging Avithin its vortex the nutiitwe parf iclos in reach, 
and transfei’ring them to the mouth, which is so situated that the current 
produced sets directly into it. Where the ciliary wreath is double, as in 
MelicertUf “ the food ’’ (to use Prof. Williamson’s d(?scription) “ that reaches 
the mouth is whirled around the wheel-organs along tho groove that sc]m- 
rates the tAvo circlets of cilia; and since those circlets diA'orge near the 
‘ chin ’ (or fifth ciliary lobe), the mouth being located between them, tho 
food is necessarily conveyed directly to the latter organ. The two sets of 
marginal cilia, by bending towards each other whilst in motion, almost con- 
\"ert this groove into a sinus, especially in the two large segments.” Put 
besides locomotion and nntiition, tho rotaiy apparatus must he admitted to 
subsei*vo the function of respiration, both by its oAvn delicate structure, and 
by its action in constantly renewing the Avater around the animal ; also, by 
forcing fluid within tho alimentary canal, it may servci to aerate and renew, 
by endosmosis, the fluid in tho general enwity surrounding tho viscera. 

In tlie fixed species of Jlotatoria the rotaiy organ can ha\’e no locomotive 
use, merely subserving tho functions of nutrition and rcjspiration. In addi- 
tion to the rotary organ, the head is often beset Avith A arifms apppnrlages 
in the shape of styliform and tubular processes, lobes, disks, uncini, and 
spines. These arc situiitcd either Avithin tlie circle of tho ciliaiy wn^ath on 
its margin, or immediately external to it. J^xamiiles of tapering, styliform, 
and bristle-like processes are found in Notommata Mijnneleo, Monocerca hi- 
corniSy in St/ucluptay Monosiifln, lirachionnSy and others. On tlie head of Cono- 
chilus are four stout Avart-like fdevations. In Pohjarihra platyptera two long 
bristles jiroject frdVn near the mouth, each bent on itself midway at a right 
angle (geniculate). Dujardin describes, in liis genus Colurellrty an uncinate 

2 i> 



402 


GENERAL HISTORY OF THE INFUSORIA. 


retractile appendage surmounting the trochal disk. In Brachionvs urceolaris 
(XXXIX. 16, 16), straight non- vibratile cilia occur between the ciliated lobes 
of the rotaiy organ ; and in Pohjarthra there are fleshy tentacular appendages, 
which Siebold suggests are antenna) or feelers. The 2-4 styliform processes 
of SynchoRtay Ehrenberg supposed to possess prehensile powers. In C7ono- 
chiluSy four processes, terminated by bristles, project from the ciliary disk ; 
in Melicerta are two curved hooks. To some of these appendages, and to 
others about the head, various fanciful names have been given, borrowed 
mostly from remote resemblance in appearance, situation, or function to parts 
existing in the higher animals. Por instance, on each side of the head of 
Notommata aurita, N, Copeus, and Diglena auritUy a lobe of the trochal disk is 
more elevated or elongated than the rest, and has received the appellation of 
ear ” or ‘‘ auriculiu' ; ’’ the 2-4 supplementary processes of the head of 
Polyarthra (XXXVIII. 30 a, h) have been called “ horns,^’ — a name apx>lied 
to n similar projection in other llotatoria. 

In Btei^hanops a prominent scalc-likc process of the head is known as the 
“ hood” (XL. 8-10). Mr. (losse speaks of a projecting spoon-shaped lobe 
in Melicertay covered with cilia, as the chin, which Williamson recognizes as 
a fifth lobe ” of the wheel organ (XXXVII. 17c). The latter writer, again, 
adopts from Schiitter the appellation of “ lips ” for two hook-like appendages 
of the head of Melicerta, and further describes, on each side the oral aperture, 
two projecting “ flattened lobes, with ciliated margins continuous with those 
of tlio ‘ chin,’ which obviously assist in directing the food into the oesophagus.” 
Lastlj^ Ehrenberg frequently employs the term frontal region ” or forehead, 
to signify the anf onor surface of the head. 

Certain tubular-looking processes, frequently furnished with a pencil of 
fine non -vibratile cilia or bristles at the extremity, have gained particular 
consideration owing to the functions assigned them by Ehrenberg and others. 
They protrude from the head near the trochal disk, and more commonly from 
the neck, as is soon in liotifer, Philodhui (XXXVIIT. 20), Brachioniis 
(XXXV [[I. 15; XL. 11), AclInuruSy in Euchlams Lyncem, in Melicerta 
(XXX^''^1. 17), in Salpina mucronata, in Notomimita clawHutn, N, Myrrneleo, 
N. Sieholdil, and other species. In all the above the appendage is single, 
hut in Tuhlcolaria and Mdicerta (XXXVil. 17 d) it is double. In Calli- 
dhia Ehrenberg mentions a thickly-ciliated proboscis, apparently retractile, Jind 
attached to the trochal disk ; occasionally, instead of terminfiting by a bunch of 
setae, these processes have a horn-like prolongjition, as in Notommata centrara 
and N, Copeiis. The short conical elevations of Synchceta and Polyarthra 
belong to the same category with the tubular variety. A long fiabelliform 
process occurs yi connexion with one of the ciliary lobes of Floscidaria, which 
is often called a proboscis, and supposed to be tubular. Ehrenberg has as- 
signed tw’o diflerent appellations to these tube-like appendages. At one time 
he calls such a process a spur (“ calcar ”), and imagines that it subserves the 
generative process as an intromittent organ ; at another he represents it as 
a respiratory tube (siphon), through w^hich water may enter to act on the 
vibratile tags (gills) scon within the abdomen. The former view has foimd 
no supporters, and is entirely set aside by our present knowledge of the 
reproductive act of the llotatoria ; the latter has been admitted by several, 
among others, by Siebold, although recent researches now render it untena- 
ble, and demonstrate the analogy of these appendages with the feelers (an- 
tenna) and pal])i) of Entomostraca and other Crustaceans. Ihijardin seems 
to have been the first to suggest the analogy mentioned. Keferring to these 
processes and to others less considerable, terminated by a bundle of stiff cilia, 
he observes that they recall, to some extent, the palpi and antennse of 
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Entomostraca and Cypris, and that no trace of the entrance or exit of water 
is perceptible, even when particles of colouring matter arc diffused through 
the liquid, calculated to indicate the slightest current.” 

Since this was written, Forty, Gosse, Williamson, Huxley, and Lcjxlig in 
particular, have minutely studied the point in dispute, and coincide with the 
French naturalist as to tho non -perforated character of the organ, and its ho- 
mology with antennae. Mr. Gosse writes — “ The tubes or spurs on each side 
of the head (of Melicevta) below the chin (XXXVII. 17 d d) are evidently 
consimilar with the antennae of Kotifer, &c. There is a slender piston in 
each, capable of being retracted, and bearing at its extremity a tuft of very 
fine, divergent, motionless hairs.” Mr. Williamson’s account is more detailed ; 
ho calls them “ tentacles,” and states that, when fully protruded, they are 
seen “to bo terminated by a brush of fine divergent setae implanted on tlie 
convex side of a small deltoid body (the Gosse) (XXXVII. 12); from 

the flat side of this latter appendage there proceeds, along the interior of tlie 
tube, towards the body of the animal, a delicate muscular band (XXXVII. 
13, 14), which, by its contractions, draw-s the deltoid body backwards, thus 
inverting the extremity of the tube, find forming a double sheath protecting 
the setae (XXXVII. 14). This inversion of the tube w'as, w^o believe, first 
noticed by Hutrochot. The whole ai)i)aratus is, as suggested by Schiiller, very 
similar to that scon in the tentacles of the snail, and a])pcars to constitute a 
tactile rather than a rcspiratoiy organ, l^his is rendered more probiilile by 
tho fact that, Avlieii tho animal first emerges from its tessellated ease, tho ex- 
tremities of these tw’o tentacles are the first jiarts that make their appear- 
ance (XXXVII. \7 dd )^ — the two curved hooks being tho next (XXXVII. 
17 />). The setm are usually half drawn into tho inverted tentacle; but they 
I)rojcct sufficiently fmwvard to constitute delicate organs of touch, suj)posing 
the deltoid body, into which they are inserted, to be endowed with sensi- 
bility. The animal cautiously protrudes these tcmtaclcs bed’ore it ventures 
to unfold its rotary organs, but it docs not direct them in an exjdoratory 
manner from side to side, as an insect docs its antennao.” 

Flit there are many strictly homologous i)roccsses with a terminal tuft of 
setie which are tubular and not retractile, or otherwise neither tubular nor re- 
tractile, but horn-like in figure, or merely conical. Exami)les occur in Notom- 
mafa Myrmeleo (XXXVIII, 26 h) and N. SiehoJdii (XXXVIII. 32 7), and 
in the short(;r conical elevations on the disk of Synclutda and Pofyarthra, and 
in tho honis of the last-named genus. 

A further departure from the highly-developed antennm of some Ilotatoria 
is exemplified in the fossce, pits, or apparent apertures (XXXV I II. 28-30), 
oftentimes with elevated edges, containing a tuft of bristles,, which are met 
with usually on the necks of the animals. These fossa), as well as the 
retractile and non-retractilo antennae of all forms, Leydig believes to be in 
immediate and special relation with nerves which extend to the base of the 
bmsh of rigid cilia. The number of such fossae varies in different species. 
In accordance with his hypothesis of respiration, Ehrenberg called them 
“ ciliated respiratory openings.” In Enteroplea (XL. 2), Ilydatina (XL. I), 
Diglenay Otogleim, in Euchlunis trlqiietra, and in several Notommatcp.y an 
apparent aperture exists on the neck. More than two are seen in Poly- 
cirthra, Notommata Myrmeleo, and in N. Sieholdii (XXXVIII. 29), arranged 
along the back; and in Asjfdancliim. Brightwelln (Gosse), Dalrymple met 
with two on the back, which he supposed to be and described as lateral 
apertm-es, but which, Leydig afiirms, have the unbroken cuticle lining them 
(XXXVI. 9). * 

Interesting variations are found in Nofeys, in wrhich Ehrenberg describes 
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R short, stout, respiratory tube, or, as it actually is, a depression surmounted 
by a very elevated margin. In Notmnmata cenirura (.XXXVllI. 26 h), and 
in N, Copeus, a long seta projects from a small elevation of the cuticle, on 
each side of the back, having its extremity divided like a brush. The doubtful 
ciliated dejiression conceived by Prof. Huxley to be the nervous centre, belongs, 
in Loydig’s opinion, to the category of tactilo fosssB. 

Appendages of the Trunk. — The account already given of the cuticle and 
lorica and their processes, leaves no special appendages of the trunk to bo 
described. Thus we have spoken of the spines from the anterior and posterior 
margins of the lorica, of those which, in a few examples, are produced from 
its surface, and of the setas or cirrhi wliich extend from it in Anurcea hiremis, 
in Notommata Copeiis^ and, on a larger scale, in Triarthra and Folyarthra 
(XXXVllI.SOc). 

The 2 ^seAuh 2 yodhim, or false foot, may either be accounted a production or 
appendage of the tnmk, or a distinct segment of the body. Its dimensions 
and figure vary much in different species ; and in several it is entirely ab- 
sent. It attains the highest development in PhUodinmi (XXXVIll. 1, 2), 
where it consists of several progressively diminishing segments united by 
sliding joints, like the tubes of a telescope, and is analogous to the tails of 
many Entomostraca, e. cj, the CycIo 2 yidcB, In this family, PhilodincBci, the body 
tapers into the pseudopodium by a gradual lessening of the articulated seg- 
ments ; so that the termination of the trunk proper and the commencement 
of the process have no external indication, except what is supplied by the anal 
orifice of the alimentary canal, wliich usually opens at the base of the tail. In 
other families the termination of the trunk is more abrupt, and the distinct- 
ness of the pseudopodium as a subordinate segment or member strongly pro- 
nounced (XXXVIll. 25, 20). The high development of the organ gradually 
diminishes, until the telescopic-jointcd foot-process is degraded to tlio condi- 
tion of one or tu o stiff* styles, supported on an enlarged base (XXXVIll. 22), 
the intermediate stages being represented in various species (XXXVIll. 23, 
24, 25, 31). In BrachiomiSy CoJurvs, StejdumopSf and Dinochuris the foot- 
])rocess, although of three or more telescopic joints, is of much smaller 
diameter, and depends like an appendage from the trunk, and is a transition 
between this form and the usually tapering figiu’c of the Phlfodhicea, as seen 
in liolifev riiffcrnrus, the trunk of which is abruptly attenuated into a long 
foot. A further reduction of the many-jointed telescopic iiseudopodium to 
one or two joints, terminated by a single, double, or tri])le styliform or 
pincer process, is exemplified in many Notommatce (XXXV^III. 26), in 
Cyclotjlena, Lepadellcff Metopuda, Salpina, Diylena, Eospliora, JJydatina 
(XL. 1), licilMlns, &c., where the ai’ticulate structure is reduced to the 
condition of an appendage of thft trunk, its terminations assuming the chief 
importance. Indeed, in some eases, one or two styliform processes seem to 
be produced immediately from the trunk without the intervention of an 
articulated segment at the base (XXXIX. 1-3). At the same time a styli- 
foi-m foot-process is, as a nilc, a vciy short pseudopodium supporting one or 
more l«ng styles. In the case of the less-dcvcloped or perfect tail-processes, 
the section of the body is frequently attached obliquely to the trunk. 

In a very few examples the posterior dorsal surface of the body is pro- 
longed as a true tail, having the pseudopodium fixed in front of it, the 
anal orifice being between them. This is \ritnessed in Notommata Copeiis 
(XXXVIll. 26). 

The pseudopodium has in some genera styliform processes attached to 
it throughout its length, as seen in the highly-developed telescopic pro- 
longation of the Philodina^a (XXXVIll. 1), in Callidina, Rotifer^ Actinums, 
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and Philodina, and also on the shorter foot-proccss of Dinocharis. These 
stjdos are moveable and flexible, and occur in a single pair or in two or three 
pairs ; Ehrenbcrg gave to such, when shoii; and not ligid, the name of ‘ 
and distinguished the prolongation on each side of the posteiior border of the 
sliding-joints, seen in Rotifer, Aciinurus, and CalUdhia, as ‘ hom-like pro- 
cesses.’ In Scaridiam (XXXVllI. 22) and Dimchark, the foot, though 
jointed, seems not to be retractile. 

The pseiidopodium diflers much in its length and mode of termination. 
'Where the articulated segments are few and small, the foot, if terminated by 
styles, oftentimes ac(]uires a great- length. In some species the terminiil 
styles are three in number — e. g. Aclinuriis, Philodina Neptunim, Dinocharis, 
and in some Slephanopes ; and more frequently the central style is shortest. 
Two teiminal styles are more common. Illustrations arc found in Fureularia, 
Scar idi urn, Distemnia, &c. A foot ending in a pair of styles is said by Ehreii- 
berg to be ‘ forked’ {furcate). 

Til numerous species the styles have much rigidity, and are greatly elon- 
gated ; in such instances they are known as styliform setae, or simply ^ setceJ 
Two such terminate the trunk in Notommata lomjiseta, N, (Cjpialis, and in 
N. Felis — in the last-named they are also curved backwards, — whilst but ono 
is produced from the body in Monocerca (XXXV III. 151)9), Mastigocerca 
(XXXIV. 438-440), and in Uatulus; in the last, moreover, the base of the 
setffi is surrounded by stiff bail’s. 

Another veiy common termination of tho foot is by a pair of short tliick 
flaps, moveable on their base, and named ' pincers,’ or ‘ pincer-like processes.’ 
Such are seen in Bracliionus, JIgdatina (XL. 1), Enteroplea (XL. 2), Diglena, 
Eosphora, Eoteiis (XXX\'^1II. 25), and in several EotonimaUe (XXXVllI. 5, 
25, 20). 

All the preceding varieties of the pseiidojiodium arc modifications of tho 
articulated telescopic type, and associated with a tolerably firm cutiidc. But 
there is yet another type, in Avhich no articulated segments occur, and which, 
from the softness of its tissues, is thrown into wrinkles or folds during con- 
traction. Illustrations of this arc found in all the urceolatc genera of tho 
llotatoria, viz. in Conochilns, Lacinularia, Melicerta, Tuhicolaria, Stejdianoceros 
(XXXVllI. 1, 17, 19), &c., and, besides these, in the free Megalotroclicm 
(XXXI [. 374-378) and in Pterodina (XXXY. 502-504). In the attached 
genera especially, this form of pscudopodium rather merits the name of 
^pedicle ’ or footstalk. In Pterodina the cylindiical foot-proccss is trumpet- 
shai>cd, and discoid at its free extremity, whicJi is supiiosed to act like a 
sucker. A suctorial end to the pedicle is likewise presumed to exist in some 
or all of the fixed genera. 

Cilia liave been discovered on the extremity of the pscudopodium of Ptero- 
dina and Tuhicolaria, and on that of Megalotrocha, Lacinularia (XXXVII. 
10), and Brachionus in the young or immature state. 

Lastly, a pscudopodium is absent in Anurma, Asplanchna {XXX\1. 9; 
XXXVII. 29-32), Pohjarthra, (XXXVllI. 30), and Ascomorpha. 

The obseiwations of these and other particulars concerning the psw^mlopo- 
dium, its presence or absence, its stmeture, its length relatively to the body, 
and to its own processes, supplies valuable characters in the systematic distri- 
bution of the Kotatoria ; and the details so derived furnish the fundamental 
divisions of the classification proposed by Leydig {see Classification). 

The foot-like process is essentially a muscular organ ; it contains no viscera, 
but in highly-developed forms some small bodies supposed to be glands, and 
in some examples certain vesicular spaces supposed by some to be ganglia, by 
others, vacuolar thickenings of the connective tissue (XXXVII. 17 n). The 
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anus always opens at the base of this segment, and on its posterior aspect ; 
hence it is that, though often called a tail, it is really not homologous with 
that appendage of higher animals ; and consequently most writers prefer to 
name it pseudopodium, foot-process, or foot. It certainly has no evident re- 
semblance to a foot, although anatomically it is a limb or member, and is 
functionally an organ of locomotion and of support. It is much less con- 
cerned with motion than the rotary organ, and, from its occasional absence, 
is evidently a non-essential organ. A principal purpose which it seems to 
answer is that of a rudder, steering the animal in its course like the tail of a 
fish. However, occasionally, when developed in a styhform manner, as in 
Scaridium (XXXIII. 423), it is a powerful and peculiar locomotive append- 
age, enabling the animal to leap. Tlie pincer-liko termination seems to 
enable the animals to hold fast to or grasp objects, or to push themselves 
forward. The short flexible toes developed on the i)8CU(loj)odiiim, and the 
supposed discoid extremities, servo to attach the animal whilst the head may 
be moved freely about, or whilst it advances in a lecch-like manner by the 
alternate forward movement of the head and foot. 

Of the Muscular System and Movemknts of the Hotatorta. Muscular 
System. — In this class a muscular S3'stcm, subsciwient to the functions of 
locomotion, nutrition, &c., is well developed ; and, tlie integument being 
transparent, its structure and arrangement arc distinctly visible. llie 
muscles (XXX I. 5 ; XXXVIII. 28 d) resemble fine lines, cords, or bands 
passing from one part to the other, and may generally be distinguished by 
being thickened during contraction, and attenuated by extension. All those 
attached to tlie walls of the body arise from the inner layer of the integu- 
ment, which is thickened at the sjiot. They may bo considered, with refer- 
ence to their functions, to be of two kinds — the one concerned in the general 
movements of the body, the other in acting upon special organs or viscera. 
The first constitute two sets — tho one annular, encompassing the body, the 
other longitudinal. The annular or transverse muscles (XXX III. 5, 6 
XXXV^III. 20 v) arc separated fi*om each other by considerable intervals ; 
and to them is due, in manj’^ species, the apparent segmentation of tho tnmk. 
They are, so to speak, imbedded in the inner epidermic layer. Ehrenbcrg 
mistook them for vessels. 

The longitudinal muscles are more numerous and definite (XXXVI. 51,91; 
XXXVIII. 28 a ; XL. Im). Mr. AVilliamson believes that delicate fibres occur 
in the thickness of the skin of the trunk, designed to shorten the animals by 
corrugating the surface. The long muscles extending from the posterior ex- 
tremity of the body to the rotary organ and the maxillary bulb, and serving 
to retract thoso parts, are the most highly developed. Dr. Dobio describes 
muscular bands in Floscularki, passing up between the lobes of the ciliated 
head, and more delicate fibres along the centre of each lobe towards its ex- 
tremity. The muscles of the tail (foot-process) are also numerous, large, 
and strong, and traceable to its terminal segments (XXXVI. 5 b ; XXXVI II. 
26 w) on the one side, and on the other as far forward as the anterior part 
of the •body and tho maxiUary bulb. Williamson states that the fibres 
reaching the extremity of the foot-process are inserted into a little concavo- 
convex body found there. By its muscular apparatus the tail can be curved, 
moved from side to side, and shortened, and in a few examples, e, g, Scaridium, 
doubled beneath the belly. The counterforce, whereby the pseudopodium 
recovers its straight figure and position relative to tho body, is the elasticity 
of the integument. Where the sliding joints exist, tljis elasticity must 
chiefly reside at the lines of junction, since the segments themselves have 
great rigidity, and do not admit of comigation. However, the extension of this 
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process much depends on the influx of fluid forced into it by a general trans- 
verso contraction of the body which is seen to precede it. The extension of 
the body, after lui\dng been shortened by the contraction of its longitudinal 
muscles, is chiefly due to the elasticity of its integument, which has an in- 
herent tendency to constrict itself or to lessen its diameter. Prof. Williamson 
dissents from this explanation, believing the extension to be due to the cir- 
cular muscular bands, ns in the pseudopodia of the Echinus and staifish, or in 
the trunk of an earthworm. The shortening of the body is provided for by 
the sliding structure of its segments, and by the wrinkling (XL. 1) of its sur- 
face (XXXIX. 1-3), sometimes by both these modes together, at others by 
one alone. Even where its length is diminished by the formation of mere 
folds of the skin, those folds are constant in position and arrangement. 
Longitudinal folds pretty regularly disposed occur in the softer-skinned 
varieties — for instance, in various species of Notommata and Jfydatina. 

Muscles supplying special organs are seen in connection with the trochal 
disk, the maxillai'y head and jaws, the alimentary canal, and the reproduc- 
tive apparatus (XXXIX. 7). Excepting the muscles moving the rotary 
organ, these will be best described in the account of the organs with which 
they are connected. 

The trochal disk, and, indeed, the whole head supporting it, is constricted, 
corrugated, contracted, and moved from side to side by considerable muscles, 
extending from it to the maxillm, and to the sides and posterior boundary of 
the abdominal cavity (XXX Vlll. 28 a); special muscular threads act upon 
particular lobes, prominences, or processes which may extend from the head 
or its ciliated disk. In the trochal disk of Mclicerta, Prof. Williamson de- 
tected interlacing threads which ho supposed to bo muscular ; and Mr. (losse 
has remarked in the same animal a series of five or six annular tlii*eads 
set in the inner skin, which are probably muscular, and aid in the comj>lex 
movements of the head.” Some of the interlacing threads, wdiich Ehrenberg 
described in several Kotatoria (as, for instance, in Lacllumrla), and which 
at one time he regarded as vascular, at another as a nervous or muscular 
network, probably were; muscular, although most of them were merely fibres 
of connective tissue. 

The extrusion of the head and trochal disk, after retraction, is principally 
effected, ns in the case of the pseudopodium, by the elasticity of the integu- 
ment, consentaneous with the relaxation of the muscular contraction, — this 
elasticity sei-ving to unroll the involuted head and trochal disk, and to ex})and 
their parts, and, by its general operation on the body, to elongate the whole 
figure, and thereby press the contained fluid forwaid and backward against 
the retracted oi-gans, so as to push them out. Prof. WiUiamson would also 
attribute the protrusion of the liead to fho action of the circular muscles, 
as he does not think there is sufficient proof of such elasticity indejDcndently 
of muscular fibres. The retracted head and api)cndages of the Ihyozoa are 
thrust outward in a similai' manner. 

The cilia of the trochal disk have generally been assumed to be seated on 
a muscular mass, forming the cushion-like contractile thickeningi^ on the 
head of the llotatoria (XXXVI. 93). These structures display, according to 
Dujardin, no distinct muscular fibres ; but in the opinion of others, such are 
present. Ehrenberg, as before stated, went so far as to imagine, not merely 
a network of muscular fibrils moving the entire apparatus, but also a series 
of four muscles at the base of each ciHum moving it in every direction. Such 
an array of definite muscles to move an almost imperceptible organ, is not 
only entirely hypothetical, but most improbable. lAjydig, on the other hand, 
opposes the idea of the muscular nature of the trochal disk, and regards 
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it as consisting solely of the soft epidermic tissue, or, which is nearly 
the same thing, of connective tissue. Much discussion has arisen concern- 
ing the structural composition {i. e., in a word, the histology) of the muscles 
of llotatoria. Dujardin and Eokor questioned the existence of actual mus- 
cular fibres, but recognized a soft contractile substance, often dra>vn out 
into threads. The former, however, inclined to the belief in the existence of 
determinate muscles, although observation, when he wrote, had not made it 
certain. Thus, at p. Oil, when describing a new species of Floscularia, he 
remarks that, by gentle compression of the animal, five independent cords 
were brought into vicAV, contractile and tolerably regular in outline, which 
perhaps ought to be (jailed muscles ; they extended through the pedicle and 
to the extremities of the lobes of the rotary organ.” 

Ehrenberg noted the ])rcscnce of muscles in most Rotatoria, and in a few 
spccimcms believed he had detected tninsversc striatiori, — a fact which w’^ould 
establish an analogy between them and those of the highest animals. This 
highly-developed organization was denied by Siebold, who described the 
muscles to be of the non- striated variety so largely distiibuted among other 
Invertcbrata as well as Vertebrata. Thit the belief noAv prevails, that the 
possession of transversoly-stiiatod muscles is one of tin* characteristics of the 
Rotatoria, although non- striated fibrils may likewise occur. 

Leydig thus tre.ats this subject : — The element of muscle is the primitive 
cylinder, which is of two sorts — ^fine and thick, — the former in clear homo- 
geneous threads, wdiich, when traceable, arc perceived to ))o branches of 
cells ; such occiii's principally in muscular netw orks ; the latter — the thick 
primitive cylinder — originates from colls coalesced in row^s, and it, therefore, 
presents internally, at considerable intervals, the still-remaining cell-nuclei. 
'Fhese cylinders exhibit a gradual advance in their further histological phase^s. 
They may remain homogeneous like the finest primitive cylinders, or resolve 
themselves into a homogeneous sheath, and an axial substance in the form 
of molecules. Lastly, the contents of the cylinder may break up into mus- 
cular (sarcous) particles, and therein approximate to the so-called trans- 
versely-striped muscles, to which at length it may attain a complete resem- 
blance.” ^riius the cell- wall comes to form an investing sheath or sarcolemma 
of eacjh fibre, and tlic cjcll -contents the vital contractile substance, or the sar- 
cous particles. Leydig adds — “ Roth varieties of muscle, simple and striated, 
occur in the same species, so that the gradual transition of one into the other 
is unmistakeablc.” The existences of striated muscle luis been noted by Ehren- 
berg in Eudilanis triquetra; by Oscar Schmidt m Fterodina Patina ; by Perty 
in the foot of Scandium Jongic4xxidmn, in Polqarthra (XXXYIl 1. 150 ?«), in 
the marginal m»usclc of Dighna lacuMris, and of Brachiomus tnpos ; by Leydig 
in Noiommata SicboldU (XXXVlf. 32 a) and Noteus\ by Daliymple, in No- 
tommata Anglica ; by Williamson and Gosse in Melicerta : and, wdthout doubt, 
it may be discoverc(i in most other genera (XXXIX. 7). 

Perty has noticed in the foot of Flosmlaria rows of granules, and fine 
longitudinal striae, — an intermediate condition referred to in the description 
of Leydig, given above. Rergmann and Leuckart mention in a note (p. 377) 
in their work, that in some animals traiisversely-striated muscles arc visible. 
Prof. Williamson’s observations support some of J^eydig’s views. “ When one 
of these muscular fasciculi,” wrttes the English naturalist, is drawn out 
at full stretch, its surface is seen to be marked, at very regular intervals, by 
dark transverse bars (XXXVII. 18). Each fasciculus has a diameter of about 
of an inch ; and the transverse strife recur at distances of about 
?»T>Wth. These intervals are rather larger than those seen in the fasciculi 
of human voluntar}’ muscle .... On rupturing the faScicidi tiunsvcrsely, w- c 
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perceive that each one is invested by a delicate sarcolemma. This is well 
seen at the upper part of the tail, where, on the conti’action of the muscle, the 
non-elastic sarcolemma becomes corrugated, and only rccovei's its smooth 
aspect when the muscle becomes relaxed. These rugai of the sarcolemma 
must not bo confounded with the transverse striae of the muscular fibre.” 

' Movements of IIotatoria. — These are very various ; at the same time 
some varieties arc so eonsttint in several genera and specievs, as to furnish 
characters of much utility in the systematic distribution of the class. There 
are two principal modes of locomotion, — one by simple motion onwards, or 
swimming, wnth or without rotation of the body on its long axis (e. g, in 
Bmchiomis), the other, confined to the family Pkilodlncea, by cniwling after 
the manner of leeches, each extremity of the bodj'^ being alternately fixed. 
The latter mode of locomotion is partaken with the first, and the one or tho 
other resorted to at tho will of the animal. 

The rotary organ is almost exclusive^ concerned in producing tlie uniform 
s\ri mining movement and in turning the animal on itself, wdiilst the muscular 
tail acts as a rudder in directing the course. The trochal disk is worked 
with various degrees of energy and completeness ; when in full action, the 
A’clocity attained is very great. 

Usually the Kotatoria swim on tho abdomen ; but exceptions occur, as in 
Bosyliora Najas, which, like the Phyllopoda, sudms on its back. Notem and 
a few others turn on their short axis, or, in common parlance, head over 
heels. Other exceptional modes of locomotion are met with in Smridium, in 
Trlarthra, and Polgarthra (XXXVllI. 30, 32), which have, besides the or- 
dinary swimming movement, the power of leaping or skipping, — ^in the first, 
by means of the elong«ated stylifomi tail, which can be doubled under tho 
body, and then suddenly relaxed like a spring ; in the two last, by the aid of 
some i*igid bristles, or cirrhi, attached to tho body, and acting like the long 
legs of a flea. A skipping movement is likewise attributed by Ehrcnbcrg to 
Notommata longhetu, due to its double, long, caudal styles, and an act of 
rowing, by means of a long lateral spine on each side, to Anunva blremis. 

The preceding remarks axjply to the locomotive Kotatoria ; but the encased 
species, although unable to change place, have, nevertheless, a considerable 
power of movement within and about their urccoli. I’liey can c-xtnido the 
greater part of their body, and bend themselves over the edge of their case, 
or witlidraw tliem selves entirely within it. They owe this latitude of motion 
chiefly to their long pseudopodium or pcjdicle, which contracts by throwing 
itself into V(;ry numerous and deep wrinkles ; for in none of tho attached 
species is this organ articulated. In comparison with that of the pediclo, 
the capacity of the trunk of the animal to shorten or contract itself is but 
small, and its tinns verse folds few, distant* and collected, mostly towards tho 
posterior extremity. The movements, in fine, of the urceolatcd Kotatoria arc 
limited to those of extension, retraction, and flexion ; and the extent to which 
they may be exercised is in direct proportion to tho length of the pedicle. Ne- 
vertheless, when forcibly expelled from its case, which can easily be done 
without injury to the soft animal, the mature Mellcerta swims about with 
considerable velocity by moans of its ciliated rotary disk, — the peduncle being 
partially drawn up towards the body. 

Although incapable of movement as individuals, a cluster of such as live 
in compound masses, Conochilus for instance, may float about freely, remind- 
ing us of the spheres of Volvox, Tho locomotive Kotifera also enjoy, in a 
considerable measure, the power of moving their own bodies, — thus frequently 
altering the relative positions of the various parts, and modifying their general 
fonn. Their rotaiy organ, as already’ seen, may be extruded or retracted 
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within tho body; tho body itself may be extended at foil length, or very 
much contracted on itself. So much may the whole animal be contracted, 
that, except by the detection of the characteristic Kotatorial organization, its 
nature would certainly bo mistaken. An illustration of this is furnished in 
the figui-es of Dujardin and Perty (XXVIll. 4). 

The mode of termination of the pseudopodium permits many of the Rota-' 
toria to attach themselves at will to any object, some {Pterodinay for in- 
stance) assuming a fixed position for a long time together. When thus at 
rest, the rotary organ may bo retracted or extended ; in tlie latter case, al- 
though suspending its function as an organ of locomotion, it is in full operation 
as a respiratory organ, as well as serving to prociu'c food. The body, more- 
over, is often in active motion when fixed by tho extremity of the foot-process 
— oscillating from side to side, bending itself, and even turning as on a pivot. 

The Digestive System. — Tho Rotatoiia possess a distinct and undoubted 
alimentary canal, evident as a tube, traversing tho interior, from a mouth to 
a posterior outlet or anus, composed of distinguishable parts with accessory 
organs. One group of the family is deficient of the anal outlet ; and in male 
animals the digestive apparatus is atrophied or wanting. 

The digestive tube is mostly straight throughout its course (XXXIX. 1 ; 
XL. 1 ) ; the exceptions to the rule occur with tho encased genera, in which 
the intestine is curved on itself, and the- anus advanced forwards to some spot 
beneath the head (XXXVII. 17 /). 

The parts to be distinguished in the alimentary canal arc — 1st, tho mouth 
or oral cavity; 2nd, the pharynx or vestibule (XXXVII. 19 a) between the 
Ist and 3rd, the oesophageal head (XXXVII. 19 6) ; 4, tho stomach, "with 
appendages (XXXVII. r, d) ; 5, the intestine with its outlet ; and 6, the 
cloaca (XXXVII. <?,/). Each and all of these parts pi’cscnt groat diversity 
in figure, size, and accessory organs ; but yet in nearly all forms the peculiar 
typo of the digestive canal of Rotatoria is wcU marked. 

The mouth is situated, as a rule, on the margin of the trochal disk, at 
tho centre of its ventral aspect. Where the circlet of cilia is double, as in 
Lacinularm and Melicerta (XXXVIII. 21), the mouth, as we have already 
seen, is placed between the two rows ; and in Floscularia and Stephanoceros 
it occupies the centre of the area formed by tho ciliated apparatus of the 
head. The mouth is, moreover, subject to variations from tho presence of 
appendages about it. Thus, in Melicerta, Prof. Williamson describes two small, 
j)rojecting, flattened lobes with ciliated margins, continuous with those of 
the ‘ chin,’ which obviously assist in directing the food into the oesophagus.” 
Lcydig notices, in Notommata Sieboldii, a sori of upper lip, not ciliated ; and 
Huxlej^ in Lacmularia, states that the mouth is vertically elongated, and its 
cavity expanded into ‘‘ two lateral pouches, which give it an obcordato form ; 
these lateral pouches contain the lateral ciliated arches that become lost 
below in tho cilia of the pharynx.” In Floscularia the cavity of the mouth 
is funnel-shaped (infundibuliform) (woodcut), and is termed by Dr. Dobie the 

infundibulum,” who describes tho edge to bo “frequently divided into 
lobcs.^’ • 

The mouth opens posteriorly into a canal, through which the food passes 
to reach the “ oesophageal bulb.” This canal has unfortunately received 
various names, viz. oesophagus, pJiaryvix, vestibule, infundibulum, and “buccal 
funnel.” The first term has likewise been applied to another tube intervening 
between the “ oesophageal head ” and the stomach ; hence a looseness of no- 
menclature, tending to confosion and error in description. .. If, as is usually 
done, the name “ oesophageal bulb ” be given to the jaws and their muscular 
envelope, then that of oesophagus rightly belongs to the canal leading thence 
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to the stomach. If, on the other hand, the “ oesophageal bulb ” be regarded 
as an accessory stomach contiiining a dental apparatus, as in the lobster, then 
the term oesophagus belongs to the tube extending between the moutli and 
the bulb. The folloAving physiological distinction is, however, noted by Prof. 
Williamson, who says — ‘‘ The stomach of the lobster, with its dental append- 
ages, is that in which the digestive process is carried on. Such is never tlio 
case >vith the pharyngeal bulb of the llotifera. The digestive sac is situate 
lower down. The pharyngeal bulb bears closer affinity to a gizzard, resem- 
bling that of BowerhaMa and other Bryozoa, differing, however, from that 
of a bird, which is located htlow the “ proventriculus ” or true stomach. 
However, some confiision will be removed by avoiding the term “ mophagusy^ 
and, without troubling ourselves with the precise homologies of the i)arts, by 
naming the tube between the mouth and jaws the ^‘pharynx ” or ‘‘ vestihuUy^ 
the Jaws themselves with their surrounding mass the “ maxillary bulb ’’ or 
mastax (Gosse), and the canal between the last and the stomach the pro- 
ventricular or gastric canal. The name buccal funnel ” has been imposed 
on the tube leading from the mouth to the maxillary apparatus by Mr. Gosse, 
and might advantageously have been adopted. 

To proceed. The pharynx (XXXVII. 19 a ; XL. 23 m) varies much in its 
dimensions : sometimes it is a narrow tapering tube, and, wlicn contracted, 
visible only as a double line ; at other times it is wide and short, and then 
especially deserves the name of “ vestibule,*’ since it ceases to be a canal. 
{Several peculiarities in its structure occur in different genera, — tlic most re- 
markable in Floscularia and Stephamceros. In the former genus, the oral 
cavity (infundibilum, Dobie) is sepai’atcd from the pharynx by a rim armed 
by non-vibratile cilia ; the pharynx itself is again subdivided by n fissured 
partition or diaphragm, into an upper simcc (vestibule), and a lower largo and 
very dilatable cavity, called the “ proventriculus ” or ‘‘ crop.” The crop ends 
below in, or in some measure embraces, the maxillary bulb (see woodcuts, 
Part II. ). A similar structure obtains in StepJianoceros, 

In Melicerta Prof. Williamson obscrvcHl, within the pharynx near its 
junction witli the maxillary bulb, the ciliated lining membrane to hang in 
several loose, vibratile, longitudinal folds ; ” and Prof. Huxley, in his account 
of Lacinularia, gives the subjoined summary of those folds and valvular par- 
titions : — ‘‘ A narrow pharynx leads horizontally backAvards from the lower 
part of the buccal cavity, and becomes suddenly A^ddeiied to enclose the pha- 
ryngeal bulb in Avhich the teeth are set (XXXVII. 19 a). Where the buccal 
cavity meets the phaiynx, a sharp line of demarcation exists. In Melicerta 
two curved lines arc seen in a corresponding position, and evidently indicate two 
folds projecting upwards into the ossophagus (phaiynx). InJirachionus these 
folds are stronger (XL. 1 />), while in Stephamceros and Floscularia (XXXVII. 
1 ^ 19) this partition between the phaiynx and Avhat may be called the 
crop is still more marked. Prom the inner margin of Die aperture in the 
partition, two delicate membranes hang down into the cavity of the crop, 
Avhich have a wavy motion ; and it is to them, I think, that what Mr. Gosse 
describes as an appearance of ‘water constantly percolating into the* aliment- 
ary canal * is due. Dujardin had already noticed these ‘ vibrating membranes ’ 
in Floscularia,^* 

Observers coincide in describing the ciha of the oral cavity to extend into 
and line the phaiyTix (XL. 23 to). The walls of this tube are so very dilata- 
ble, that bodies of veiy considerable size can traverse it to the maxillary 
apparatus. In the genera Lacinularia, Melicerta, Brachionus, Noteus, and 
Tuhicolaria, close to the w’all, or actually within its substance, as Leydig 
represents in Noteus, are tAvo conspicuous structures, described by that author 
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to be vesicular, and not improbably salivary glands (XXXVIII. 27 Z). Mr. 
Huxloy alludes to these stmetures in the ensuing account : — “ On each side 
the pharynx is a yellowish homy-looking mass, which sometimes appears 
cordate, at others, more or less completely composed of two lobes. I believe 
its function is to give strength to the delicate walls of the pharynx, and that 
it is, therefore, to bo considered a part of the homy skeleton.” 

The pharynx ends mostly below, and partially embraces the “ nicucilhry 
bulb ” or *‘Qnasta.v,^* which contains the maxiUa) or jaws supporting the “teeth,” 
and has its mass made up of nuclear cells and muscular fibres (XXXVIII. 
26 m). In the living animal tlie bulb is almost constantly in motion, con- 
tracting and expanding itself in what some have called a “ peristaltic ” manner. 
This alternate aTid constant movement, visible even in the embryo before escap- 
ing from the egg, was mistaken by Bory St. Vincent, and other of the older 
microscopists, for the pulsating action of a heart. The api)aratus, however, 
is rather comparable to the gizzard of birds, or to the tooth-emshing 
mechanism in the stomach of lobsters and other Crustacea, though not, 
indeed, homologous with it. The “ maxillary bulb ” is bulky, more or less 
globose, with a prevailing tendency to a triangular figure with rounded 
angles (XL. 20, 23, 24). Sometimes it is oval or ovoid, and still more com- 
monly heart-shaped, from being notched or fuirowed on one side, indicating 
a bilobed structure. In MeliceHa Mr. Oosse figures and desciibcs a third 
lobe, below the usiud “two globose bodies (or ratluT the bilobed single 
mass), equally hyaline and probably muscular, which seems united to the 
two others, and alters in foiTU as they and the jaws work, lengthening down- 
ward as they approach, and dilating and shortening as they ijecedo ” 
(XXXVII. 23). 

The mass of the “ maxillary bulb ” surrounding the maxillee has been 
generally assumed to be muscular, and, as such, actively concerned in work- 
ing the contained jaws. Gossc calls it a “ muscular sac,” and has even 
attempted the description of its component muscular bands. Ley dig has re- 
presented the jaws to be acted on by exquisitely striated muscles (XXVII. 
31). Prof. Williamson admits the existence of muscles affixed to the pro- 
cesses of tho jaws, but states that the conglobate organ in which these are 
imbedded “ is transparent, and comi^osed of numerous large cells, each of 
which contains a beautiful nucleus with its nucleolus. The cells are only 
seen when the organ is nipturcd between two plates of glass, when they 
readily separate from one other ; but the nuclei, with their contained nucleoli, 
are distinctly visible in the living animal. Delicate muscular threads 
most probably penetrate this organ to reach the dental apparatus, thougli I 
have not yet detpeted them.” Here a great discrepancy of opinion appears, 
between Mr. Williamson and Leydig and most other writers, respecting the 
constitution of the globose mass of the maxillary bulb, and such as only 
reiterated examination can remove. 

Dr. Leydig asserts that the bulb is covered externally by a chitinous 
membrane, of the same nature as the cuticle, and that the existence of a like 
membrane in its interior, developed for a special end, constitutes tho maxillae 
and appendages, just as bristles and homy plates and processes are developed 
out of tho external cuticle. 

^0 maxillary apparatus, contained within tho soft mass of the bulb, is 
visible without any preparation, but may, from its hardness, bo detached by 
strongly compressing or emshing the animal. Although much denser than 
the soft tissues of the body, yet like them tho dental apparatus disappears 
by decomposition. Ehrenberg having an enormous number of BrauMoni 
in a vessel of water, evaporated tho fluid, and having burnt the desiccated 
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animals, examined their ashes chemically, convinced himself they contained 
much phosphate of lime, derived, as he supposed, from the maxilhe. Mr. 
Oosse likewise concludes that, from their groat solidity and density, and 
from the action of menstrua upon them, they arc of calcareous nature. 

Tlio construction of the jaws, and the number and position of the transvoi’se 
bars or ‘ teeth,’ atforded Ehrenberg characters of primaiy importance in the 
constniction of his system ; and he indicated three leading tyjw^s, under which 
all the llotatoria could be classed, viz. : — ‘‘ 1 . Agonvpliia, toothless ; 2. Crym- 
nogowj)hia, free-toothed (unconnected); 3. Desmogomphia, connected or 
attached teeth. In Ggmnogomphia the teeth arc free in front, and, like 
the fingers, united beliind by a common band — the jaw ; in Desmogom^^hia 
they are attached transversely across the jaw-piece, like an arrow lies across 
the boAV. In the former, again, the teeth in each jaAV are single or several in 
number ; in the latter, cither two or many. ITcjiico tliere are 5 groups ; — 
I. Agomphia — c. g. Idithjfdlum, C/uetonotiL^t, Etiterojdta ; 2. Monogomphia 
(one-toothed) — Pleurotrocha, Furmihtria, Cydoghna, Monostyla, Lepadella ; 
3. I’olygomphia (many-toothed) — Ilydathm, several NotornmaUH, Euddanis, 
StephaiwceroSy Bradilonus, &c. ; 4. Zygogompliia (twin-toothed) — Callidinn, 
Itotifer, Aciinunis, Phtlodhui, MomlabiSy and Pterodina ; 5. Lochogompliia 
(tr'cth set in rows) — Ptygura, MegalotrodiUy MelwertaP 

This chissification of the llotatoria, liOAVcver, Ehreiibcirg confessed to bij 
imperfect, as Avanting repeated researches to fix on the truly generic and 
specific resemblances and differences of the dental apparatus. In fact, 
although the conditions may be constant in the same sjiecies, yet they are so 
minute, that they frequently can be made out very imperfectly and with un- 
certainty ; and, besides this, the variations in the positions of the animal 
when moving its body apjtear so matenally to alter the form of the mechanism 
in question, that carefui students often differ respecting it in the case of the 
self-same animal. To illustrate these remarks, we may appeal to the descrip- 
tion of MeUcerta ringenSy as s(ipnratcly and independently detailed by Prof. 
Williamson and by Mr. Gossc. The latter represents three or four transverse 
bars or teeth to each lateral jaw (XXXVl 1. 23), the former aboA^e a dozen 
(XXXYII. 26) ; the one detects a trilobcd bulb, the other speaks of a single 
conglob.'ite organ, but Avhich, from his figures, might be called bilobed. Addi- 
tional illustrations of such doubt and uncertainty are to be found on compar- 
ing the descriptions of the maxillary organs recounted by any two observers. 
Ehrenlierg’s representations arc noAV set aside by aU, improvements in tlie 
microscope, and repeated examinations, having dcjmonstrated their erroneous- 
ness. The Avhole tribe of Agomphia or toothless llotatoria must be set 
aside ; for it seimis a well-established iTile, that no female of the class is de- 
ficient of dental organs, and the genera Ivhthydium and Chc&tonotns cannot, 
as before shoAA'n, be retained in tlie class. PJtkeropleay again, is in all proba- 
bility a male animal, and Cyplionautes Avants, according to Klireii berg’s jdates, 
the characteristic organization of llotatoria in all its details. Put it Avould 
be useless to continue an analysis of the other types established by the Berlin 
Professor, the existence of anyone of Avhich, having the particulars ^^f jitruc- 
turc assigned to it, is not to bo demonstrated. Wliat is worse, wo must con- 
fess to the absence of any one detailed account of the dental apparatus which 
can be received Avith implicit confidence in its accuracy ; so greatly have the 
leading writers on the llotatoria differed among themselves in describing the 
mechanism in question. 

Dujardin distinguished the folloAving parts in the maxillaiy apparatus ; — 
the or support, a single central piece Avith tAvo articulated branches ; 

the “ senpm ” or lateral branch ending in an articulated point, “ aciesy' and 
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itself single or multiple, which is the jaw properly so called. In most cases, 
says Siebold, the homy jaws consist of two bent, geniculate processes, an 
anterior and a posterior ; the latter gives attachment to the muscles moving 
the apparatus, whilst one or several teeth are developed on the former. In 
some many-toothed Kotatoria, each jaw is provided with three homy arches 
(e. g. in Philodmay Lacinularia, and Melicertd), Two of those arches {arcus 
superior et inferior) are turned inwards, whilst the third {arcus exterior) is 
directed outwards. To the under arch the muscles of the jaw are attached, 
which move the other two arches, with their transverse teeth, against each 
other. 

Williamson gives the following particular account of the grinding apparatus 
of Melicerta : — The gastric teeth consist of two essential portions, a pair of 
strong crushing plates, which bruise the food, and various appendages afford- 
ing leverage and facilitating the action of the muscles ui)on them. The 
crushers are two broad elongated plates (XXXVII. 20), cacli being about 
■jJ^th of an inch long, and separated from each other at the mesial line, near 
which they become much thickened. From eacdi of these plates there i)rocecd 
laterally numerous parallel bars, all of which are somewhat thickened at their 
inner extremities where they arc attached to the plates, whilst at their oppo- 
site ends they are united with the others of the same side by a curved con- 
necting bar (fig. 20), from the outer sides of which ai‘c given off various 
loops and processes. Tlie three uppermost of these bars are the largest, the 
rest gradually diminishing in size and strength as we descend, the inferior 
ones being almost invisible. From the upper extremities of the two crushers 
there project upwards and backwards two slender prolongations uiiitcd by a 
kind of double hinge-joint near their apex, whore they not only ])lay upon 
each other, but also on a third small central fixed poijit, lodged in a little 
conglobate cellular mass. Ehrenberg only describes three transverse bars 
on each side, which he regards as teeth. It is obvious that he has only 
noticed the three upper and larger pairs. It is equally evident that these 
transverse teeth, as he terms them, do not move upon the strong longitudinal 
plates, as he imagines, but arc firmly united with them. Muscles arc either 
attached to the divergent peripheral processes, or to the cellidar mass in 
which these processes are imbedded, causing the entire apparatus to separate 
into two parts along the mesial line by means of the hinge joint, the so- 
called teeth merely transmitting the motor force to the two longitudinal 
plates. These latter appendages are thus made to play upon each other with 
great power, and act as efficient crushci's, bi’uising the food before it passes 
into the stomach, as is the case with the gastric teeth of the Crustacea. 
From the above remarks it will be seen that, though in its construction the 
dental apparatus is more complex than is represented by Ehrenberg, in its 
mode of working it is less so.” 

Prof. Huxley, to quote another accurate English observer, has seen in 
Lacinularia socialis, as also in Stephaifioceros, the “ pharyngeal armature com- 
posed of four separate pieces (XXXVII. 30) : two of these (which form the 
‘ incu ^ ' of Mr. Cosse) are elongated triangular prisms, applied together by 
their flat inner faces ; the upper faces are rather concave, while the other 
faces are convex, and upon these the two other pieces (the mallei of Mr. 
Gosse) arc articulated. Tliesc last are elongated, concave internally, convex 
externally, and present two clear spaces in their interior ; from their inner 
surface a thin curved plate projects inwards. At its anterior extremity this 
plate is brownish, and divided into five or six hard teeth with slightly en- 
larged extremities. Posteriorly the dirisions become less and less distinct, 
and the plate takes quite the appearance of the rest of the piece.” This is 
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essentially the same structure as that of the teeth of Notommata described by 
Mr. Daliymplo {Phih Tra^. 1849), and by Mr. Gosse (XXXVI. 6) {T, M, S. 
1851), and very different from the stiiTup- shaped “ armature ” represented 
by Ehrenberg and Dujardin in Lacimilaria, Prof. Huxley notes, moreover, 
the omission of the two pieces constituting the “ incus in the description 
given of the apparatus by Lcydig. 

The last-named author has attempted no general description of the dental 
organs, and has, in the specific details, so briefly adverted to their structure, 
that he would seem to attach to them little importance. He has, however, 
figured the maxillas of Notommata Sieboklii (XXXVII. 31), wisliing especially 
to represent the transversely- striated muscles acting upon them. He men- 
tions the maxilla3, which occupy the spacious angular maxillary bulb, as ex- 
hibiting a bifid or forked portion, hooked at the ends, Avith a spine projecting 
from the inner side, and a margin on the outer side : to the latter the strong 
muscles for opening and shutting the maxillae are affixed. The transverse 
striation of the muscles is particularly brought into \i(iw by pressure on the 
apparatus. Cohn {Zeitschr. 1 855) has some veiy precise details respecting 
the structure of the dental mechanism of llydailna senta, and of two or three 
other liotatoria ; but it would lead us beyond our scoi)e, to transfer them to 
our pages. 

The most elaborate attempt to unfold the true structure of the maxillae, 
and to reduce all the varied forms to a common type the essentials of 
which arc ahvays detectable notwithstanding any d()gree of general modifi- 
cation, has been made by Mr. Gosse. The diversity of descriptions met with 
among writers on the Rotatoria, respecting the maxillae, is materially due to 
the limited examination, undertaken by any one of them, of those organs, — 
each obseiver having studied some one, or at most but a few species, and 
then describing the peculiar maxillary organs met with as pervading the 
whole class : such as is essential to the discoveiy of their true relations, a 
comparison of their stmeture among all the genera, has been neglected. The 
right mode of study seems to have been undertaken by Mr. Gosse ; but his 
conclusions rccpiire to bo tested by repeated obseiwation {Phil, Trans, 1855). 
His method of manipulation, for the j)urpose of examination, is well worth 
noting. He says {op, cit, p. 424), — ‘‘ In the course of experiments with 
various chemical reagents on these animals, I found that a solution of potash 
had the effect of instantly dissolving the flesh and most of the viscera, leaving 
the general integument, the walls of the pharyngeal bulb, and all the solid 
parts of the manducatoiy apparatus uninjured. In most cases, also, the last- 
named organs arc expelled from the visceral cavity by the contraction of the 
integuments, so that they float at large in brilliant clearness, undimmed by 
intervening tissues, and as patent to observation as when crushed between 
plates of glass, with the advantage of all the parts being unbroken and re- 
taining their relative positions. Now, by turning the screw of the compres- 
sorium, flattening or dee])cning the drop of water, waves wctc communicated 
to it, by means of which the floating bulb, being nearly globular, was made 
to revolve irregularly, and thus to present, in succession, various aspects to 
the eye.” 

To display his researches ever so briefly, wo must first introduce his no- 
menclature. The gizzard or enclosing maxillary bulb, he calls the nmsta^ 
(XL. 20) ; and declares it to bo a muscular trilobate sac. The maxillcB con- 
sist of two geniculate bodies {mallei) (XL. 20 6), and a third on which they 
work (mcMs) (XL. 20/). Each malleus is of two pai-ts — 1, the manulmum 
(c), and 2, the ifnwus (€), — united by a hinge joint. The manubrium is a 
piece of irregular form, consisting of carincF of solid matter, enclosing three 
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areas, which are filled with a more membranous substance. The uncus 
consists of several slender pieces, more or less parallel, arranged like the teeth 
of a comb, or Uko the fingers of a hand. 

The incus consists of two rami (^) articulated by a common base to 
the extremity of a thin rod (fulcrum) (/a) in such a way that they can open 
and close by proper muscles. The fingers of each “ uncus ’’ rest upon the 
corresponding ramus, to which they are attached by an elastic ligament. The 
“ mallei ” arc moved to and fro by distinct muscles ; and by the action of these 
they approach and recede alternately, the ‘‘ rami ’’ opening and shutting 
simultaneously, with a movement derived partly from the action of the 

mallei ” and partly from their own j)roper muscles. 

Under all the variations in form and disposition of the parts presented in 
Euchlanis, Anurcea, Synchceta, Dtglena (XL. 24), Folyarthra, Asplanchna, 
Monocerca, &c., the same ty])e prevails as in Brachionus (Xlj. 20-2Ii) (which 
is the genus Mr. Gosse uses as his standard of comparison). The modifica- 
tions in those genera may in general “ be considered as successive degenera- 
tions of the ‘ mallei,* and augmentations of the incus. In another collection 
of genera (the fixed or urceolate), the organs, although essentially the same 
as in the former type, are somewhat disguised by the excessive dilatation of 
the ‘ mallei,* and by the soldering of the unci and rami together into two 
masses, each of which approaches in figure the quadrant of a sphere. The 
ascribed ‘ stirrup-shaped ’ armature of the Philodhum arises from misappre- 
hension ; for it has no essential diversity from the common type, their analogy 
with the genera last mentioned being abundantly manifest, though they are 
still further disguised by the obsolescence of the ‘ manubria.’ In Fioscularin 
(XL. 25, 26) and Stejpha^wceros (XL. 27, 28) the most aberrant Kotatoria, 
the ‘ mastax * is wanting ; and in the former genus the incus and manubria 
are reduced to extreme evanescence, though the two-fingered unci show, 
in their structm’c, relative position, and action, the true analogy of those 
organs.** 

As to their homology, he argues they have no tme affinity with the gastric 
teeth of the Crustacea, though he states his conviction that the llotifera belong 
to the great Arthropodous division of animals. 

“ The action of the homy jaws,’* Mr. Gosse remarks in his account of 
MelicerUi, “ is not exactly that of two flat-sui’faco mullers, working on each 
other in a grinding manner, but a complex motion impossible to be explained 
by words.** Since the nature of our work has comi)elled us to limit ourselves 
to a mere outline of Mr. Gosse’s most elaborate and important researches on 
the manducatory organs of the Rotifera, we cannot too strongly recommend 
the student to refer to that gentleman’s essay in the Transactions of the Royal 
Society, both' for a more complete acquaintance with his views and discoveries 
relative to those particular organs, and for a host of valuable details on 
other parts of the anatomy of this class of animals. 

Some Rotatoria, the so-called single-toothed species, have the faculty of 
protruding their maxillae beyond the mouth, and of using them, in this curious 
position, as prehensile organs. Thus the animal is enabled to seize upon 
prey’ without awaiting its being casually engulfed within the vortex of its 
ciliated head. Examples are found in Synchoeta mordax, in Distemma 
Forjicula, and in Diglena (XL. 24), 

The maxillary bulb communicates immediately, or by the medium of a mem- 
branous canal, with the stomach — the next division of the alimentary tube. 
This canal is very commonly termed the oesophagus ; but we prefer to call it 
the provcjiitricular canal, to avoid confusion and doubtful analogies. It com- 
mtmecs at the posterior inferior part of the bulb. 
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Leydig represents this tube to be lined by a continuation of the chitinous 
inner layer of tho maxillary bulb, and uses this view to explain the distinct- 
ness of outline frequently rcmai*kable in tho walls when of considerable 
thickness, e. g, in Notomnmta centmira (XXXVIII. 26 q) and N» tardigrada. 
This sharp contour is especially manifest during contraction of tho canal, 
whereby it is thrown into transverse folds or wrinkles, noticed by Ehrehbcrg 
under the title of hard oesophageal folds,” and elsewhere of a “ rather firm 
framework at the commencement of the oesophagus,” Leydig adds — “ Tho 
organs described by Ehrcnbcrg in Notomniata mccigera, as ‘ large vibrating 
giUs,’ must, I think, be considered transverse folds of tlic chitin membrane 
in question,” The existence of so dense a lining to tho gastric tube implies 
tho absence of cilia on its surface ; and, in fact, Leydig declares lie has never 
seen the least sign of such organs, altliough both Perty and Williamson affirm 
their existence. Tho folds into which this tube is thrown when contracted 
are occasionally (e, g, in Notommata Steholdii) (XXXVI [. 22) longitudinal 
instead of transverac. Mr. Gossc says of it that it is composed of longitu- 
dinal and annular contractile tissue,” and that, at least in AspJmichna prio- 
donta (XXXVI. 9 0, it is ca])able of immense dilatation, but commonly takes 
the form of a slender tube with tho lower extremity swollen, whci’o an oval 
pancreatic gland is attached on each side. The passage of a small morsel, 
such as a Chilomonas, shows that the walls of this organ are thick, leaving 
only a slender tube when corrugated.” However, in different species tho 
width and the thickness of its avails vary much. The provcntricular canal 
has a considerable length in Digleiia and Sgmhceta ; it is rather long in 
TrUirthra, Lacinidmnay and Jlgdathm, and very short in EticJilanidota, Bra- 
cliioncraf and Mellcerta, In not a few genera it is altogether wanting, the 
maxillary bulb being superposed immediately upon the stomach : such are 
Ascomorplia and the genera of the family Philodincea, 

The stomach succeeds to the gastric canal as a distinct segment separated 
from tho alimentary tube below by a constriction, and is remarkable also in 
general by its greater capacity (XL. 1 e), Leydig affirms that a portion of 
the digestive canal separated from the rest by a constriction, and essentially 
representing a stomach, exists in all true Kotatoria; but other writers describe, 
as in Philodhia (XXXVIII. 1, 2), and in Lindia (XL. 1, 3), the existence of 
a straight, slender, funnel-like alimentary canal extending from tho mouth 
to tho cloaca without any constriction or any stomach dilatation. In Ily- 
datina and SgncJiceta, Periy says the canal is uniform in calibre, without any 
stomach-hko expansion ; yet Cohn distinguishes tho narrower lower end of 
the alimentary tube of Hydatina as an intestine, because it is less constantly 
occupied with food, is colourless, and, unlike the stomach, has no such ccUs 
on its wrall. Moreover, as an irregularity,* ho twice met "wifti a sphincter- 
like constriction (pylorus) separating the two. In Eucldanis and BrachionuSy 
on the other hand, the division is clearly indicated (XXXIX. 16), 

The opposing statements of authors on this question may probably be re- 
conciled on the supposition that, of different observers, some have viewed the 
canal when it has been fiill and distended, others when empty and contracted, 
and that the constriction indicating a definite stomach has appeared only 
during repletion, just as happens with the human stomach, which, when full 
and engaged in digestion, is deeply constricted, and for tho time appears 
almost like a double organ. 

Ehrenberg distinguished four types of Ilotatoria, according to the cha- 
racters of the alimentary tube, which he respectively named — 1. Trachelo- 
gastnea ; 2. Coelxfgastrica ; 3. Gasterodela ; 4. Trachelocystica, 

1. Tho Trachelogastrica comprehtmdod animals having a long filiform gullet, 

2 R 
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rapidly transmitting and not retaining the food, and terminating in a compa- 
ratively short conical intestine, without a stomach dilatation, e» g, IcWiydium^ 
CJKBtonotus, 

2. Ocelogastrica, Rotatoria with a very short gullet, a long conical in- 
testine, and no stomach, e. g. Hydatvmy SynehcBta, 

3. Oasterodela, those Rotifers having an evidently developed stomach, or 
a dilatation of the alimentary canal limited by a definite constriction, 
e. g. EuchTaniSy Brachionus, Lepadella, Diglena, &c. 

4. Trachelocysticay with an indistinct gullet, but having a very long, fili- 
form, small intestine, in which the food is detained, and also a large globular 
intestine (rectum or cloaca) placed close to the discharging orifice, e, g. Rotifer y 
ActinuriiSy Philodina, 

Subsequent independent observers have been able neither to recognize all 
these distinct types of structure nor to admit their value. Leydig, in fact, 
insists that the so-called ‘‘ gasterodclous ’’ type is the only one seen in Rota- 
toria ; but, as just now stated, several authors admit the existence of a simple 
conical or tapering alimentary tube, without dilatation or stomach, in several 
of the class. 

The Traclielogastrica are represented only by beings which arc now, by gene- 
ral consent, excluded from the Rotifera. The termination of the intestine in 
a dilated sac-like expansion, in which also the generative canals end, whence 
its name, chaca,^ is the rule ; or, to use Ehrenberg’s term, the majority of 
the Rotatoria are Trachehcystica. 

The stomach dilatation, like the rest of the alimentary canal, is capable of 
great expansion, by which its figure is considerably altered. Usually but 
one gastric cavity has been described ; but in some species there is a second, 
and Huxley, in his history of Lacinularia (XXXVIT. 19), describes three 
portions or divisions between the gjistric canal and the rectum, — the first 
with two pyriform sacs opening into it, the middle one frequently with several 
short cellular cajca, and the lowest with several cellular emea projecting ex- 
ternally, and clothed witliin with very long cilia. According to Prof. Wil- 
liamson, the stomach of MeVmria (XXXVII. 17) consists of an upper and 
lower segment, separated the one from the other by a marked though vary- 
ing constriction, — the upper stomach elongated, the lower almost spherical. 
Mr. Gosse describes this same organization in Melicerta, but calls the upper 
segment ‘‘a wide cylindrical stomach,” and goes on to say that tho food 
passes from this into a globose intestine which ends in a slender but dila- 
table rectum. 

A similar double organ is found in FloscuJariay Stcplianoccros (XXXYII. 
1/), and Tuhicolaria, Moreover Ehrcnberg noted a sac attached to the 
stomach of Megalotrochay which 'ho called a coGcum. Tho configuration of 
tho stomach is otherwise altered by tubular and saccular appendages, and in 
a few instances is lobular, as stated by Mr. Gosso in Asplanchna (XXXVI. 
9 s), Ehrenberg states, at p. 399 of his great work, that the stomach of 
Lacinularia is complicated by two blind tubes (intestines), and yet, at p. 403, 
reverses this statement by saying that it is without blind intestine-like ap- 
pendices.” Leydig admits tho lattel» as tho truth; but, as already seen, 
Huxley remarked two pyriform sacs attached to the first, and caeca to each 
of the other two segments. Ehrenberg further describes caccal appendages to 
tho stomach of Notommata clavulata, and of Diglena lacustrisy but such were 
probably tho turgid stomach-cells presently noticed. 

The tissues or histological elements entering into the formation of tho 
stomach are — 1, a limiting external membrane, and, 2, ah internal layer of 
epithelium (XL. 4). The former is the same tissue with that constituting 



OF THE ROTATORIA. 


419 


tho walls of other portions of the alimentary canal, and is supposed by many 
to contain muscular librillflo, although so very thin, pellucid, and apparently 
structureless. Ijoydig, however, calls it a homogeneous connective tissue. 
Tlie lining of epithelium is made up of large turgid cells, rendering the wall 
thick and of a pulpy appearance (XXXVIII. 26/). In young animals tho 
epithelial cells are colourless ; but in adult beings their granular contents 
are coloured and interspersed with fat-globules, whence it is that the walls 
of tho stomachs assume a yellowish hue often intermingled with green and 
brown tints. Tho cells, moreover, commonly possess a nucleus and a nucle- 
olus, and their free surface is constantly ciliated. They are readily detached 
from the subjacent membrane and from each other, and are then seen to have 
a spherical or ovoid figure. 

“ Tho great thickness of tho epithelial layer,’^ writes Mr. Williamson, “ as 
compared with tho entire diameter of.tho organ, is curious ; whilst the latter 
averages about ^th of an inch, the former is often not less than y^th, 
or ^th of its entire diameter. Tho colls, when detached, vary in size, from 
a diameter of TTcnnr^^ these was fringed with 

cilia of an inch long, and had a nucleus of an inch. After 

being detached, some of tho cUiated colls floated slowly away, like so many 
animalcules.'’ 

Although this description and tho measurements refer specially to tho 
Melicerta rimjens, yet the relatively largo size of tho cells is a feature com- 
mon to all tho Rotatoria, and has been pointed out and figured by Leydig, 
Siebold, and others. 

Tho second stomach, noticed by Williamson in MeUeerta, also had a layer of 
epithelial cells bearing cilia even longer than those of the upper viscus, 
— although tho parietes were very much thinner and more transparent, tho 
cells being leas easily traced.” In the third or lowest dilatation, seen by 
Huxley in Lucimdaria, the interior was clothed with very long cilia (XL. 4). 

Elironberg remarked tho existence of largo stomach- cells in Diglena la~ 
enstrisy and of less distinct ones in Notommata Myrmeleo and iV. Copeus, The 
pouches he speaks of around tho alimentary tube of Hydatina sentay and 
which imparted tho appearance, to his oyo, of a bunch of grapes, are no other 
than epithelial ccUs. In Philodincea the intestinal canal is stated to be fili- 
form, and enveloped in a granular cellular mass ; that is to say, tho calibre is 
very much reduced by the turgid cells lining the walls. Tho compact mass 
of blind tubules, so described in Rotifer, admits a like interpretation. 

In Notommata iardigrada Leydig failed to detect cilia either in tho stomach 
or intestine. 

In tho great majority of tho Rotatoria a definite intestine ” follows the 
stomach, and ends below in the cloaca. This intestine is generally known as 
the ‘‘ rectum,^ and is supposed to represent the large intestine of higher ani- 
mals. It varies much in its dimensions in different species, espoci^ly in its 
length and course. It is long, straight, and capacious in Notommata centrura 
(XXXVIII. 26), and in Euchlanis triquetra (^J^XVIII. 6), short in Lacinu’- 
laritty and extremely short in Notommata iardigrada, • . 

Among tho encased Rotatoria it is of considerable length, owing to its 
curving forwards from the second stomach, so as to reach its outlet near the 
margin of tho enclosing urceolus, or in other words tho neck of the animal, 
and thereby provide for the immediate removal of tho oxcrementitious matter 
from contiguity with it (XXXVII. 17). In Stephanoceros and Flosmlaria, as 
exceptions to this rule, this intestine is short. Looking at tho so-called second 
stomach, placed at Ithe head of tho rectum in these fixed Rotifers, wo might 
rather assimilate it to the cascum, which in some of the higher classes forms 
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a sort of subsidiary stomach, where the digestive process is finally completed. 
Still it is not possible to establish all the minute homological relations be- 
tween these animals and those of the vertebrate class. The intestine, like 
the stomach, has a limiting membrane, possibly muscular, and is lined by a 
ciliated epithelium which, unlike that of the stomach, is not coloured, and 
its cells less easily detected. It is capable of very great distension. The 
rectum commonly ends in, or, it may be said, expands into, a globular sac, 
which, from its likewise receiving the eggs from the oviducts opening into it, 
is analogous to the cloaca of birds (XXX VIII. 26 2 ). This cloaca has a 
fine, transparent wall, and opens, posteriorly or dorsally, at the base of tho 
pseudopodium, or, where this segment is absent, near the extremity of tho 
body, by an outlet usually ctdled the anus. 

The cloaca is particularly dilatable ; for sometimes it is much loaded with 
accumulated ftecal matter, and at others is distended by one or more of tho 
enormous eggs the Kotatoria habitually produce. In discharging an egg, or 
in emptying itself of other matters, tho cloaca is everted and thrust out 
through its external orifice. 

IVom the mode in which the walls are draTm into longitudinal and circular 
folds, as exemplified in Notommata cenfriira (XXXVIII. 26), Leydig is in- 
duced to admit the presence of muscular fibrils regularly disposed in tho 
two corresponding directions. Moreover the manner in which the cloacal 
orifice is closed, after tho extrusion of any mass, indicates, in this author’s 
opinion, a sphincter power, and consequently tho presence of muscular fibres 
around it. The contraction of the entire canal on itself is sometimes so great 
that it is only manifest by a streak. 

A most remarkable stmctural exception is met with among certain female 
Rotatoria, viz. the entire absence of an intestine and anus. It prevails in 
the genus Asplanthna (dosso), in the NotommaUi Sieholdll (Leydig) (probably 
in N. Si/rifuv), m Ascomo'ijiha Helvetica {VQviy), and in A, Germanica (Perty) 
(XXXVI. 9 ; XXXVII. 32 ; XXXVIII. 28). This want of a discharging 
posterior outlet necessitates the rejection of excrementitious matters from the 
stomach through the mouth. 

This structure is so very exceptional and peculiar, that Prof. Williamson 
is not prepared, without further evidence than has yet been advanced, to 
admit it as tnio of any Rotifera. It is, ho writes (in lit.) contrary to pro- 
bability, and, if established, would induce him to exclude tho animals so 
organized from that class. 

Reception of Food — its Deglutition, &c. — ^The food of the Rotatoria, as 
before noticed, is attracted towards the mouth by tho vortex caused by tho 
rotation of the cilia crowning the head. An exceiitional means of prehension 
is seen in those Rotatoria whiclf protrude their jaws beyond the mouth, using 
them as pincers or forceps to seize any larger prey. “ In general,” writes 
Mr. Gosse (Phil Trans. 1856, p. 429), “ the ciliary vortices are sufficient to 
bring the prey wdthin the buccal funnel (pharynx) ; but in several genera 
of the family Euchlanidota, as Metopidia, Cohirm, Mmium, and Stephaneps, 
there is a curious accessory organ, which aids in the capture of the prey ; at 
least I am sure it is so employed in several species of Metopidiai Thus in 
M, acuminata the frontal region is formed by an arched fleshy process occi- 
pitally, which is approached by a small one on the ‘ mental ’ side ; and be- 
tween these is the wide entrance of tho buccal funnel. The occipital process 
is protected by a homy crystalline plate, forming a segment of a sphere, and, 
when riewed laterally, taking the appearance of a curved horn. It can be 
partially protmded and retracted, and also bent dov^m £0 meet tho mental 
lobe. This apparatus, when the animal is taking food, is kept in vigorous 
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action. A strong vortox is produced by the ciliary wheels ; and as tho 
floating atoms whirl by, the moveable plate is thrown forward with a grasp- 
ing motion, the fleshy head being at the some time protruded, and, w'hou 
the lobes are in contact, retracted. ^ This is ropoated almost every instant 
with manifest eagerness and discrimination, tho manducatory apparatus 
working vigorously all the w'’hilo. 

“ The same curious organ is frequently employed in another w^ay. It is 
bent considerably downward ; and as tho animal crawls deliberately up and 
down the stems of aquatic iflants, it is used to rake and grub, among the 
floccosc deposits, the minute Diatonuicem, &c., that adhere to them.'' 

Having entered tho mouth, it is usually rapidly convoyed along the phoiynx 
to the jaws. In those species w^hich have tho pharynx expanded into a crop,” 
such as Floscularia and Asplancha^ tliis transmission of the food is less speedy. 
Mr. Gosse imagines the “crop” to possess a suctorial pow'cr. He says — 

I think that when the animal {AsplancJivui priodonta) is cognizant of food 
brought to the mouth by the ciliary vortices, it suddenly expands the crop by 
the action of the muscles tliat go from it to tho skin, when the water rushing 
into the vacuum carries in the prey. Tlicn the network of fibres contracts 
again, and tho prey is secuix'd.” 

Having reached tho maxillary head,” tho food is “ lodged ” (to quote 
Mr. Gosse’s paper) “ upon tho ‘ ramV between tho two ‘ unci.’ These con- 
jointly work upon tho food, which passes on towards the tips of tho ‘ rami,’ 
and enters the ocsoijhagus (tho provcntricular tube), which opens immediately 
beneath them.” 

Having escaped tho mandibular apparatus, tho food is subjected to tho 
action of some digestive fluids which arc poured into tho portion of tho ali- 
mentary tube below, w'hothor that portion bo dilated into a distinct stomach, 
or rctiiin a nearly uniform calibre. How long this process of digestion need 
be continued, wo have no data to determine ; but wo may conclude that tho 
time will vary according to the nature of the food, the condition of the animal, 
its species, and other circumstances. In Mellcerta ringenSy which has a double 
stomach. Prof. Williamson remarks that tho upper one “ appears to be chiefly 
a receptacle for the food. From time to time, especially when the viscus is 
distended, a portion of its contents pass doAvn into tho lower stomach.” In 
this the mass of food usually distending it is constantly revolving, — tho 
motion being duo to ciliary action. This process goes on for some minutes, 
after w^hich tho creature contracts its body, and forces tho entire exuviae out 
of the viscus into a long narrow cloaca (rectum), which terminates externally 
by an anal outlet. As it does this, it everts a considerable portion of the 
cloaca, thus almost bringing the cloacal outlet of tho stomach to tho exterior, 
and causing, at the same time, a large transparent protiiboranco to bo deve- 
loped on the corresponding side of its body. At other times the creature can 
draw in these appcndtiges, so that scarcely any trace of a cloacal canal is visi- 
ble.” Mr. Gosse suggests that this jjrotrusion, at tho moment of discharge, 
is designed to shoot the faecal mass out of the case ” (urceoliis) ; for tho 
outlet is then projected above the rim. The faeces,” he adds, ‘‘ are pUghtly 
coherent and jelly-like, not at all like the coloured pellets of which the urce- 
olus is built up.” 

The food of tho Hotatoria consists of the lower Algm, of Protozoa, Ento- 
mostraca, other Kotifers, and even tho weaker members of the same species. 
“ The stomach,” remarks Mr. Gosse, “ of the Asplanclimi is frequently occu- 
pied with animals ; tho smaller Anurcece, as A, acuhatUy A. curvicomis (?), 
and A, stipitata (?), seem to constitute its chief food. I have taken one with 
the species last-named in its stomach, which, after about an hour, was ejected 
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and swam about as lively and apparently uninjured as ever. In one I saw 
several specimens of a long slender Fragilaria hose in the cavity of the body, 
and in the stomach of another the long cell of a Conferva.” 

From the manner in which the food is obtained, apparently without any 
selection on the part of the animals, the vortex driving into the mouth what- 
ever particles may come within its reach, we might conclude that the con- 
tents of the stomach must be of a very miscellaneous character. This is true 
to a great extent ; yet the Rotifers can eject what is unsuitable, and they 
have the power of moving from place to place in search of suitable nutri- 
ment, or at least, as in the fixed forms, of arresting and withdrawing the 
ciliary apparatus until noxious materials arc floated past, or appropriate ones 
have come “within reach. That they arc passive recipients of the current 
setting into their mouths, is indicated by their swallo'wing carmine or other 
colouring matters mixed “with the water, wliich, as Mr. Gosse observes, are 
deleterious to them. 

The feeding of Rotatoria wdth colouring matter serves a practical purpose 
in the examination of their structure ; for it helps to rovejil, by the contrast 
of coloured with uncolourcd parts, details of structure not apparent amid the 
uniform and delicate hue of the entire organism in its natural state. For 
example, Mr. Gosse writes — The process of swallowing carmine enabled 
me to see (in Melicerta), very distinctly, that the oesophagus enters the giz- 
zard between the larger ends of the jaw-mullcrs, and that the stomach-duct 
leads off from their smaller ends through the semiglobular lobe beneath.” 
The same observer employed this means to demonstrate the manner in which 
the case of the Melicerta is deposited, and with very satisfactory results 
(see p. 425). 

The Secbeting System. — Special organs of secretion exhibit themselves in 
the Rotatoria under the simplest form of cells, and of involutions of the lining 
membrane of the alimentary tube, as sacs and tubules. Frequently their 
contents are coloured ; and these always differ in density and physical ap- 
pearance from the general fluids of the body. The glandular organs situated 
about the walls of the digestive canal, are supposed to have discharging ducts 
through which their contents percolate into that tube. 

The testes or spermatic glands in the male, and the ovary in the female — 
both of them secreting organs, — together with some accessory secerning vesi- 
cles, “will be described under the section on the Reproductive Organs. Some- 
thing has already been said of some other glands in the last section, on the 
Digestive Organs ; a more precise account is, however, necessary. 

The most constant glands are the two situated on the upper surface of the 
stomach near the entrance of the gastric or provcntricular tube, and some- 
times on that tube itself (XXXVIII. 2(5 h, 271). They are usually hemi- 
spherical or oval, but assume other shapes, as pyriform, conical, cylindrical, 
reniform, crescentic, and forked. In a few, e. g. Notem and some BracMonmay 
they are stalked, or, more properly speaking, have an elongated, tapering ex- 
tremity. Cylindrical or club-shaped glands arc seen in Notommata clavulata, 
and forked ones in Digleim lacrntris. In these two species, and also in Me-- 
galotrocha there are likewise four long filiform tubes, equalling the glands in 
length, and of the like colour, but opening at the centre instead of the fore- 
part of the stomacli. In Polyarthra, Leydig noticed two elongated secreting- 
sacs attached to the jtosterior surface, and in Ladnulariay a pair of glands, 
instead of a single one, at the fore part of the stomach. Not being able 
to detect the ducts of the 2-3 pyriform glandular (?) -looking bodies often 
attached to the base of the upper stomach (of Melicerta) near the constriction 
which separates it from the lower one. Prof. Williamson hesitates to caU 
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them glands, and doubts likewise the secretory character of the similar but 
larger bodies seen in the neighbourhood of the oesophagus.” 

The glands are usually transparent, or have only a slight milky opacity ; 
they contain fine nucleated granules and molecules, and in some examples, 
e. g. Polyarihra (XXXVIII. 39) and Pterodinay a few small oil vesicles. 
Externally they are invested by a transparent homogeneous membrane, to 
which, in Alhertia, Dujardin assigned an active contractility ; but this is very 
doubtful. They are,” says the French naturalist, “ stalked sacs, placed at 
the commencement of the intestine, susceptible of contraction, pouring out 
their secretion into the intestine, from which they again fill themselves, and 
undergo dilatation : in' this example at least, these appendages must be con- 
sidered cooca rather than glands.” Sometimes,” Leydig observes, tho 
elements of tho contained granular mass have an elongated figure, as in No- 
tens ; and then the contents of the glands assume a striated appearance.” 
This account recalls that given by Mr. Williamson of a glandular structurq 
ho supposes may possibly represent a spermatic gland ; but of this hereafter. 
Cohn believes he detected the exudation of a blackish granular fluid from 
these glands in Hydatina senta, and its entrance within the stomach by a 
definite aperture. 

The granular vesicles of tho glands were termed vacuoles ” by Dujardin, 
and have been represented by Ehronberg in many figures, e. g, of Euclilanis 
mmrura, E. dilatata, Megahtrochay and Lacimdarut ; they have also boon 
spoken of by him as ** glands, vesicular within.” Moreover the shaqdy- 
defined clear vesicles he has represented in Theorvs (XXXIV. 427-429) and 
Pterodina, and termed ‘‘ eyes,” Leydig believes to be nothing else than fat- 
vesicles of the gastric glands. Mr. Dabymplo has accurately figured these 
glands in his so-called Notommata {Asphi'nchna) Anglica (XXXVI. 9 </). 

Tho fimction and homologies of these gastric glands are doubtful. Ehrcn- 
berg’s first notion of them was that they wore spermatic ; but he subsccpicntly 
changed his views, and called them pancreatic.” ‘‘ For what reason,” says 
Prof, ilymer Jones, Ehrenberg has given the name of pancreas to tlicse se- 
creting emea, it is difiicult to conjecture, since the first rudiments of a pan- 
creas are only met with in animals far higher in tho scale of animal existence ; 
every analogy, indeed, would lead us to denominate these caeca tho first ru- 
diments of a liver, by far the most important and universal of the glandular 
organs subservient to digestion, and in a variety of creatures presenting an 
equal simplicity of structure.” 

However unsupported the notion of the pancreatic or salivary nature of 
these glands may be, it has met with several advocates, who have in aU pro- 
bability assigned to them this function rather from tho want on their part of 
any definite opinion of their character than •for any other reason. Thus Dal- 
rymplo alludes to them as salivary glands ; and Perty affirms of two filiform 
vessel-like appendices of the stomach (?) in Enteroplea, that they are repre- 
sentatives of the pancreas or of salivary glands. Sicbold adopted a similar 
hypothesis ; but Leydig, on the contrary, regards them, in a morphological 
point of view, not as pancreatic glands, but as tho analogues of those pro- 
cesses often seen on the stomach of Arihropoda ; ho would therefore desig- 
nate them generally gastric glands, — ^a view with which wo are disposed to 
coincide. The small glandular appendages on the dorsal surface of tho sto- 
machs of starfish, suggest themselves as of the same nature as the appendages 
under consideration. 

A yellowish clear body is situated on each side of tho pharynx, imme- 
diately in front oT tho maxillary bulb, in Lacinularia, Tuhicolaritty Melicertay 
and BraMomis (XXXIX. 16), and rather within the substance of the bulb 
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in Noteus* This is possibly the structure alluded to by Mr. Gosse as several 
yellow glandular (?) spots ” seated on the top of the cushion of the dental 
organs of AsplancJma (XXXVIII. 28), and the same with the yello\^dsh, 
clear, homy-looking masses mentioned by Huxley in Lacinularia (XXXVII. 
19 ^) and Bmehionus. The last-named naturalist refers these bodies to the 
homy skeleton ” (seo p. 412). Leydig considered they might possibly be 
salivary glands.” 

The epithelium of the alimentary canal has probably a glandular purpose : 
its large cells are filled with a granular matter, and many oil- vesicles, besides 
a nucleus. The number and large size of these gastric ccUs have been already 
illustrated (sec p. 419) ; they are mostly coloured — ^yeUow or yellowish broAvn, 
with sometimes green spots interspersed. Ehrenberg remarked these cellular 
accumulations, and advanced the hypothesis of their homology with the liver 
of higher animals. The colouring matter was consequently esteemed to bo 
the bile. We have seen that Kymcr Jones has assigned the functions of a 
liver to the so-called ‘‘ pancreatic ” sacs, or ‘‘ gastric glands.” However, 
most naturalists favour Ehrenberg’s view ; among them are Hujardin, Sie- 
bold, Leydig, and Dalrymplc. The belief, indeed, of the gi’cat llerlin natu- 
ralist was, that the cells grew from the exterior of the waU of the alimentary 
canal, and wore so many saccular appendages ; this view modem research 
does not countenance, but affirms the presence of the cells within the canal. 
The examples of secerning cells given by Ehrenberg deserve to bo mentioned. 
Ho remarked that in Eiiteroplea the biliary cells and ducts were most pro- 
nounced, and that there was great accumulation of cellular or glandular ele- 
ments about the intestine of liotifer, CalUdhmy and Philoditm ; in the last 
two he also asserted that the mass becomes coloured by colouring particles 
swallowed by the animals. 

Mr. Gosse puts the question whether the little granular body near the 
tip of the pedicle of Melicerta is a secerning gland for the secretion of an 
adhesive glue, by which the foot adheres, as in Monocerca. This faculty 
of secreting an adhesive matter from the end of the pseudopodium is sur- 
mised by Perty to be possessed by several llotatoria, viz. by ConochUtis, La- 
cinularia, GUdstes, Floscularia, Limmas, Tvhicolaria, and Stejjhanoceros, 
This idea is countenanced by Cohn {Zeltsclir, 1855, p. 439), who inclines to 
the belief that the solid-looking elongated-oval bodies situated at the poste- 
rior extremity of the abdomen of Bracliloims and other species, and usually 
considered muscular (moving the tail-process), are rather of a glandular na- 
ture, and possibly secrete an adhesive glue to fix the animal. More recently 
(Muller’s Archivy 1857, and A, N, H, 1857, xx. p. 292) Leydig has accepted 
this view, and thus treats of these structures in Hydatina senta : — “ The 
clavate bodies in the taU. consist of a delicate envelope and pale molecular 
contents, in which beautiful nuclei, each with a nucleolus, may be distin- 
guished ; in many individuals, small fatty points are also present in variable 
amoimt. I regard the organs in question as glands, which in their position 
and fimetion correspond with the caudal glands of Enoplus for example ; they 
open .at i;he apex of the caudal appendages (Fusszanyen) ; and as the worm 
just mentioned * can attach itself firmly to the object- bearer by the posterior 
extremity of the body, in order to carry the body round this point with a waving 
motion,’ so also can the Hydatina fix itself by the tips of the caudal append- 
ages, probably by moans of the sticky substance excreted here. It seems to 
me also, that in a certain upright position of the caudal appendages, I have 
detected the opening at their tip.” 

Other large vesicles, which some tliink may be glandular, occur in different 
parts of the body, and in the foot-process of several genera. 8uch are noticed 
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by Dobie in the psendopodium of Fhscularia ; and Lcydig mentions a clear 
gland or space at the root of the tail of LMchniluria, fix)m which he supposes 
a duct to extend to the extremity ; such a structure Huxley cannot discover, 
but states that the extremity of the tail always seemed to him ‘‘ to present 
a ciliated hemispherical ca\ity, closed above the supposed gland at the base 
he called a “ vascular moss.” 

An active secreting power is displayed by those Rotatoria which invest 
themselves in cases or urcooli ; for such cases are always produced from the 
animal, and arc the result of excretion. The formation of its case by the Meli- 
certa Hngem has often been most thoroughly examined ; and IMr. Gosse Avas 
enabled to watch the deposition of pellet by pellet of the excreted matter. 
This direct observation has entirely overthrown the jirevalent notion first ad- 
vanced by Ehrenbcrg, that the case was built up of cxcrementitious particles 
discharged from the alimentary canal. The organ actively engaged in the 
building of the case is seated immediately above tho long tubular process 
extending from the neck of the animal (XXXVI. 1 c) ; it is cup-shaped, 
and its concave surface so ciliated, that when in full activity it seems 
to revolve. In this, which Mr. Gosso calls the tho building- 

material seems to bo prepared and fashioned into an oval or hexagonal figure, 
and then the pellets so moulded are regularly laid down in ro^vs, ‘‘ straight 
and uninterrupted perpendicularly,” but zigzag transversely, so that a dia- 
gonal disposition is the result. Each peUet, examined separately, is of a 
yellowish or olive colour, composed of granules ; the whole tube is of a red- 
dish-bro'wn (XXXVI. 1 d). After a certain number were deposited in one 
part, the animal would suddenly turn itself round in its case, and deposit 
some in another part.” It seems that the action of tho pellet-cup is volun- 
tary, and not always coexistent with the passing of the ciliary ciUTcnt over 
the chin. The animal frequently makes abortive efforts to deposit a iicllet, 
and sometimes bends forcibly forward to the edge of tho case before the i)eUct 
is half formed. Coloured particles in the water are hurled round the margin 
of tho ciliated disk until they pass off in front through the great sinus be- 
tween the large petals ; and the atoms, if few, glide along tho facial surface, 
following the irregidaritics of tho outline with great precision, and, dashing 
round tho projecting chin, lodge themselves one after another in the little 
cup-like receptacle beneath, in which they are whorlcd round with great 
rapidity, and prepared into pellets for tho construction of tho case. On mix- 
ing carmine with the water, the torrent that poured off in front and the ap- 
pearance of a licli crimson pellet in the cup were instantaneous. A laigc 
animal which had its ease accidentally slit for some distance, watched for 
several days, Avas seen to make poUets frequently ; yet it never deposited them 
nor attempted to construct a new cose, but? let the pellets float away.” 

Such is a resume of Mr. Gosso’s interesting observations. Prof. Williamson 
adds that, when the animal is not engaged in its architectural occupations, 
the sac (pellet-cup) becomes so contracted as to bo almost invisible. 

In connection with this subject of secretion, must bo mentioned the view'^s 
of Leydig respecting the accumulation of granules or crystalline •particles 
seen in many embryonic and young Rotatoria, enclosed in a sac contiguous 
to tho cloaca (!JQtXVII. 4 ; XXXVIII. 7, 8). Ehrcnberg remarked these 
granular heaps in Microcodoriy J^cinularia, Stephanoceros, Floscularia omata, 
Enteroplea, and in Notommata gmnuJuriSy and called them at one time a 
dark glandular body or speck,” at another ‘‘ a single gkndular organ ” having 
no evident function. Weisse represented them to be unconsumed and 
still-remaining yelk-substance, and supposed the animals presenting such 
granular masses “premature” or “aborted.” Williamson noticed similar 
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masses in MelicertUy and found that they disappeared soon after the young 
animal escaped from the ovum. 

Leydig’s conclusion, from optical and chemical qualities of the granules, is 
that they are urinary or uric concretions, and that tho clear space containing 
them is formed by the end of the intestinal canal, or by tho cloaca. To 
elucidate this view, nn analogy is pointed out in the . case of those insects 
which undergo comideto mctamoriihosis, in which solid urinary concretions 
accumulate in the rectum during the pupa-state, but are evacuated when the 
insect emerges from that torpid condition. 

The actual secreting organ of these urinary concretions, or in other words 
tho kidney, must, says Leydig, bo sought for in the cells of the intestinal 
wall, which stand out in a knob-like matter. Ehrenberg’s account of tho 

dark bodies ” about the rectum of Enteroplea, and of Notommata granularisy 
favours this opinion ; and tho granular heap near tho termination of tho 
intestino of the larva of Cyclops may be adduced as another allied fact in 
illustration of the nature of the bodies in question. Vogt, however, is opposed 
to this presumed analogy, and states that this peculiar collection in the cloaca 
of embryo Cyclopes is originally produced of a green colour, within a sac on 
each side of the intestine, and when subsequently discharged into the cloaca, 
is of a yellow hue. These sacs therefore have, in his estimation, rather tho 
signification of a liver than a kidney. Tho like structures are common enough 
in Vermes. Excepting therefore, Leydig contends, male Rotifers, urinary 
concretions occur only in the embryo and in the first period after birth, and 
tho existence of a primordial kidney must bo admitted as a fact. Cohn has 
como forward to oppose these views of Leydig, and says that this whole hy- 
pothesis falls with tho proof that in Enteroplea the vesicle with the dark 
granules stands in no sort of connexion with the intestine, nor, indeed, can 
do so, as no intestine exists, and it is rather firmly adherent to the outer wall 
of tho testis. To this adverse opinion Leydig rejoins (MiiUer’s Archiv, 1857, 
p. 404, and A, N. H, 1857, xx. p. 295) that Cohn’s “ undoubted proof” is 
itself an error; ‘‘for tho clear space containing the dark granules is not ad- 
herent to the true wall of the testis, but to that outer envelope which repre- 
sents the rudimentary stomach and intestino ; or, more properly speaking, tho 
clear space enclosing the concretion belongs to the abortive alimentary canal 
itself, which extends from tho notch of tho rotary organ to the cloacal open- 
ing, so that Enteroplea displays tho same characters as tho other Rotateria, 
although this is in complete opposition to the description given by Cohn. My 
opinion, that the granules in question are uric concretions, is, of course, no 
more strongly supported by the position of matters detected in Enteroplea 
than before ; bpt the objection raised by Cohn appears to be removed. The 
opinion first put forward by Weisso, which is also favoured by Cohn, that the 
granules arc the remains of unused yelk-masses, I must reject, without taking 
other reasons into account, if only because tho vitelline elements and tho 
granules in question have no resemblance to each other, but are perfectly 
different things.” 

Several authors have suggested that the vascular apparatus to be described 
as a respiratory organ in tho following chapter has also in part, or even 
principaUy, tho function of a kidney or excretory organ. These views can 
bo best propounded after the apparatus in question has been described. 

The Vasculab and Respieatokt Systems (XXXVIII. 26 e, i, I ; XL. 1 i, 5). 
— ^Thc existence of vessels subservient to the circulation of a fluid analogous 
to blood was surmised by Ehrenberg. Among such assumed structures were 
the transverse cords to which tho semblance of articulation is often due, 
as well as other similar bands now proved to bo muscular fibres of con- 
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nective tissue. For instance, the intercurrent fibres about the head and neck 
of the Rotatoria, and the interlacing cords passing forward to tho lobes of 
the rotary organ, and backward to the maxillary head, were reckoned parts 
of the vascular system. 

The purpose of a circulatory system is to convey the blood (the nutritive, 
reparative fiiiid) within the reach of every tissue and orgjm, so that all its 
parts may be renovated, and their effete, worn-out particles removed. The 
necessity for such a contrivance is at once intelligible in largo animals, where 
the parts have considerable size and thickness, and are pretty closely packed 
within the limits of the body ; but in the case of the Rotifers, the proto- 
plasmic fluid fills up all the large space within the body unoccupied by the 
viscera, and is in immediate contact with them, whilst none of them liave 
such a density or thickness as to preclude their being readily permeated by 
it. The result of digestion within the alimentary canal is the production of 
a nutritive juice or chyle, which apparently passes by exosmosis through the 
walls of the canal into the general cavity of the body, mixing there with that 
already existing, and is the representative of the blood of higher animals. 
Rut, in addition to this, a constant renovation of the chyliferous liquid of the 
body, by water taken in from without, appears to be ncccssaiy. 

Ehrenberg witnessed a periodical transparency in the body, with an alter- 
nating distension and collapse occurring regularly in almost all Rotatoria. 
During distension, the outline of all the viscera seemed clearer, whilst, upon 
the collaxiso, the organs approximated their limits, became less defined and 
somewhat confused, and the integument crumpled. These movements he attri- 
buted to the alternate entrance and exit of water from without, through the 
medium of tlie supposed siphon tube on the head, or of openings upon other 
parts of the body. It has, however, been shown that the siphon and aj)parcnt 
openings have no external communication ; wc must consequently believe, with 
Leydig, that the imbibition and exudation must bo, in groat measure, the 
result of endosmotic action, — ^not forgetting, however, the inilucnce Avhich is 
necessarily exerted on the alternate movements in question by the action of 
the respiratory apparatus to bo presently described. 

Leydig romarl^ that “ the mingling of the sanguineous fluid with water 
from without seems, at first sight, extraordinary ; it is, however, a fact in 
physiology, founded on direct observation. Van Rcneden having detected it 
in ma^e Mollusca, myself in Pahtdhm vlvipara, and, more recently, (Icgcn- 
baur in Ileteropoda and IHeropoda,^^ The nutritive or sanguineous fluid of 
the Rotatoria is, as a rule, clear and colourless, but in some species it has n 
red or yellowish hue, e. g. in Notommata centrura, Synclimtay and PolyariJira ; 
it is, moreover, usually destitute of distinct floating particles or eiements : 
exceptions occur in Eosphora Najas, EiicMunis, and a few others, in which 
small clear corpuscles move about in it just as in the blood of Annelida. Such 
genuine elements,” continues Leydig, ‘‘ of the circulating fluid must, however, 
not be confoimded with the minute particles which at times detach themselves 
from the tissues within the body and float about in the liquid. Huch false 
corpuscles are not uncommon in animals which have been partially crjishcd 
or left dry by evaporation ; those noticed by Ehrenberg in Hydatina senta 
were, in all probability, of this accidental kind.” 

Dr. Dobie has recorded an observation of seemingly genuine moving cor- 
puscles, which deserves a place hero. lie found, “ immediately below the 
integument of Flosculuria cornuta, groups and lines of very small granules 
continually in a state of rapid molecular motion, in appearance exactly resem- 
bling the molecules in the cusps of Glosterium, Besides the molecular, they 
are subject to another motion ; for occasionally they move from one part of 
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tho surface to another, in currents not very distinct or persistent, and in no 
definite direction. Ho has seen them running in lines down tho tail, and 
collecting in groups. This flowing movement occurs chiefly during tho con- 
tractions and relaxations of tho entire animal. He thinks it probable that 
these granules are connected with the nutrition of the animal, and analogous 
to tho free floating corpuscles of the Tctrdigraday described by M. Doyere.” 

In his recent paper (Muller’s Arckiv, 1857, p. 404), Leydig notes that 
when individuals of Hydatina senta have been plentifully fed with Euglemi 
viridis, tho fluid (blood) which fills their abdominal cavity, contains numerous 
clear globules, or blood-corpuscles, of a roundish form and unequal size. Wo 
would rather compare these corpuscles to those seen in chylo during tho 
process of digestion, as more strictly homologous with them than with blood- 
disks.^ Although no true vascular system is discoverable in tho Kotatoria, 
there is, nevertheless, a tubular apparatus readily seen in most animals of tho 
class (XXXVI. 6aa,9m; XXXVII. 29 d, 32 ef; XXXVIII. 5 d d, 25 ef, 
26 e i ly 27 g). It has the form of an apparent band, extends upwards from 
the cloaca, or near to it, on each side of the body ; and within tliis a cord or 
vessel is visible, more or less coiled or convoluted in its course, from w'hich 
small vibrating organs, often pear-shaped, and likened by Ehrenbcrg to 
wmttcn notes of music, project towards tho cavity of the body. These vessels 
may possibly communicate b}’- one or more transverse vessels running across 
the neck of the animal ; whilst below, they end either in a vesicle endowed 
with an active powder of contractility or immediately in tho cloaca itself. 

Now it happens that tho mechanism of this organization, as well as its 
functions and relations to tho other parts of the body, have been so variously 
described by different writers, that it is difiicult to draw up any satisfactory 
general account of it ; we shall therefore be compelled chieily to confine 
ourselves to the reproduction of the several statements as presented by their 
authors respecting tho side bands and the contractile vesicle. Ehrenbcrg 
adopted the curious notion that they Avere parts of tho sexual organization. 
The side bands with their coiled canal he represented to be the testes, and 
the contractile vesicle a sperm-sac (seminal vesicle). Tho inconsistency of 
this notion with all our Imowledge of animal structure and functions, has 
struck every observer. To adduce but one counterargument ; — the constant 
discharge of spermatic fluid in a profuse quantity, and in no relation with tho 
number of eggs contained within tho ovary, is an idea which per se at vari- 
ance with all analogy, and directly opposed by the fact that tho apparatus is 
in full activity even when the embryo is stUl unhatched within the body of 
its parent, — and entirely negatived, at least in several instances, by tho disco- 
very of distinct piale beings. 

Again, Ehrenbcrg called tho tremulous tags (XXXVIII. 26 e) giUs or gill- 
like organs, and therein recognizes them as parts of a respiratory system. Ho 
thus refers to them : — “ Oval, tremulous bodies are in some species observed 
attached to a free filament-like tube generally placed longitudinally within 
the body ; in some instances they are attached to the two sexual glands (i. e. 
tho side hands), as in Hydatina, Their function is respiratory, and they are 
analogous to gills ; the tremulous motion observable is that of tho laminse 
composing them. The reception of water within the body for these gills to 
act upon, is provided for by one or more openings at the anterior part of tho 
body, or in some species by spur-like processes or tubes (siphons).” 

erroneous belief that the siphon-like antennm (XXXVII. 17 d; 
XXXVIII. 27 e) and the cuticular fossa; were channels for the admission of 
water into the body was countenanced by Sicbold, who explained the respi- 
ratory act to consist in the entrance of water, by the supposed apertures, from 
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'without into tho general cavity of tho body, its percolation through short 
lateral vessels ” (the oscillatory tags) into the winding canal of the lateral 
band of each side, and its passage thence into tho contractile vesicle, by which 
it is pumped out through tho cloaca. This process Sicbold designated a water- 
circulating system. 

Mr. Dalrymple, in his excellent description of a supposed new Notomnmta 
(the Asplanchna BrightiuelUi of Gosse), differa from Siobold in tho account 
of the respiratory apparatus in several particulars. Ho says — “ This pecu- 
liar organ consists in a double scries of transparent filaments (for there is no 
proof of their being tubes or vessels), arranged, from above downwards, in 
curved or semicircular form, symmetrical when 'viewed in front (XXXVI. 
(5 a a). Those filaments, above and below, arc interlaced, loop-like, while 
another fine filament passes in a straight line like tho chord of an arc, uniting 
tho two looped extremities. To this delicate filament are attached little tags 
or appendices, whoso free extremities are directed towards tho interior of tho 
anim^, and are effected by a tremulous, apparently spiral motion, like tho 
threads of a screw. This is undoubtedly duo to cilia arranged round these 
minute appendices. Tho tags are from eight to twelve, or even twenty, in 
number, vaiying in different specimens (XXXVI. 6). 

“ I believe the organ in question to be a peculiar circulatory system. Tho 
body of tho animal is filled Avith fluid, most probably analogous to blood, 
while tho ciliated tags, in perpetual motion, must produco currents in this 
fluid, and probably in a uniform and determinate direction. In this way the 
nutrient plasma will bo brought regularly in contact 'with all parts of tho 
body, and the process of nutrition go on as in insects, without the interven- 
tion of tubular vessels, — the dorsal heart in them serving only to give direc- 
tion and circulation to tho blood. I am the more impressed with this belief, 
since these filamentous organs are in close approximation Avith tho large con- 
tractile sac, which probably performs a respiratory function.’’ 

Moreover Mr. Dalrymple does not believe in any communication betAveen 
tho sac and tho apparatus furnished with tho ciliated tags, as Siebold supposes ; 
on the contrary, he represents tho sac to communicate directly with the ex- 
terior. He Avrites — “ This sac, spherical when distended, is placed just 
above tho ovisac, and communicates 'with the vaginal canal. It is ex- 
ceedingly delicate, and maj^ be seen to contract, by tho action of muscular 
fibres, with great rapidity, in which act it is thrown into numerous regular 
folds or pouches, and in that condition appears not very dissimilar to tho 

large cellular lungs of Batrachia The explanation which I venture to give 

is, that this sac draws in water and expels it again by tho vaginal orifice ; 
and it is by bringing the blood, by means of the ciliary movements of the 
tags, into immediate contact (the delicater membranous Avail of tho sac in- 
teivcning) with tho air of the water, that aeration or respiration is per- 
formed. An analogous contractile sac may be seen in Rotifer vulgaris 

Lastly, tho author adds that ho is convinced, from repeated observation, 
that the contractile sac has no relation with the generative function, and 
that “ the supposed vascular ramifications upon it are neither more npr less 
than tho muscular fibrillae by which tho contractions are effected.” 

Forty coincides Avith the explanation offered by Dalrymple, and reproduces 
it in his Avork. Mr. Gosse presents, in his notice of Asplunchna priodonta, 
the foUoAAung description of tho mechanism in question : — “ On the upper 
side of the oviduct sits a contractile bladder, which, when full, is perfectly 
globular and small, being scarcely, if at aU, larger than the two pancreatic 
glands put together. Hound this, attached at or near its base, passes on each 
side a tortuous thread, apparently glandular, which goes up along each side 
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of tho ventral region, and is attached to the head-mass behind the jaw- 
cushion. The middle part of each thread is wrinkled into a largo plexus ‘Of 
four or five pairs of doublings, laid with some regularity ; on this plexus are 
placed four tremulous tags, directed inwards, ma]^g eight in all. None ar6 
visible on any other part of the threads. ITie presence of these oigans, as 
well as of the contractile bladder, in the female, shows that these are not con- 
nected with impregnation. 

From the above extract it appears that Mr. Gosse believes that the 
tortuous threads ” of tho apparatus have a glandular office ; and though he 
so far countenances tho hypothesis of Ehrenberg, nevertheless pronounces 
against their sexual nature. 

Dujardin expresses an opinion that the contractile vesicle is a respiratory 
organ, and that the water freely penetrates into tho interior of the body to 
bathe tho vibratile organs, as tho variability of volume of tho animals proves. 

Leydig hiis very elaborately described the structures in question, and their 
several modifications. Wo feel justified in submitting an analysis of his 
researches, even at the risk of some repetition ; — 

‘‘ The canal of the respiratory apparatus extends along each side of the body. 
Generally there is a single canal on each side, much contorted in its course, 
and forming actual coils or plexuses, e, g, in Stephanoceros, Brachionceay 
Lacinulmnay Euchlanidota, and many Notommatce. Two canals, which 
coalesce at cither end, are seen in Notommata MyrmeleOy N, Sieholdii, N, 
Syrinx y N. clavulata, and W. Amjllca. Tho canals have a thick cellular wall, 
and their cavity is clear and well defined. They are not solid cords, as Perty 
and others affinn. The cellular walls may be much thickened, and contain, 
besides the usual fine granular contents, many fat-particles, as seen in SU^ 
phamceroSy Notommata centrxiray and in Lacinularia. In tho first-named, 
indeed, the deposit of fat is so great that the coils of tho respiratory canal 
near the head rather resemble a collection of fat-vesicles (XXXVII. 1 t). I 
have not been able to discover any anastomoses between tho canals of opposite 
sides, as Huxley represents in Laelnularia,^^ 

In many Kotatoria, particularly in small species, such details of structure 
escape our powers of observation, and the canals described arc invisible, as, for 
example, in Flosculariay Pohjarthray ojidiAscomorpha', a more close and search- 
ing inquiry may, however, reveal them, particularly where the contractile sac 
shows itself. Indeed, Perty has detected the tubes in AscoTmrpha Helvetica, 

“ Tho vibratile or ciliated tags are processes of tho respiratory canal fXL. 
5). They are constructed after two types, which do not concur in the same 
animal, but are found as peculiarities of different genera. In one type tho 
process is of equal width and cylindrical throughout, as in Notommata 
Myrmeleo (XXXVII. 29 32 Jc) ^ in the other, tho extremities are dilated 

and a trumpet-shaped figure assumed, as in Notommata centrura (XXXVIII. 
26 e)y Euchlanis triquetra, and in Eosphora Najas, 

In Lacinularia I have been unable to satisfy myself if these processes of 
the respiratory canal discharge themselves freely into tho abdominal cavity. 
Huxley states that they have blind extremities ; but I regard it as still an 
open question, for in other species, for example in Notommata Sieholdii and 
N, centrura, it can be most satisfactorily made out that they open freely into 
the cavity of the body. 

“ Vibratile hairs (cilia) project from their free end and in tho trumpet- 
shaped processes ; the direction of the ciliary motion is evidently inward. 

The number of the vibratile organs varies much in different species : 
usually there are but from 4 to 8 or 10, distributed at uncqudl distances along 
the respiratory tube ; but in some animals, e. g, in Notommata Copeus, N, 
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SyriruVy N, Sieholdii, N. A}iglica, N. clavidata, and in N. Mymieleo, the 
number is greatly augmented, and from 30 to 50 tags may be counted. When 
thus multiplied, they are for the most part appended to a clear canal of little 
width and thickness, rather than to one with thick cellular walls. (The tags 
are mostly more numerous on one side than on the other.) 

“ The posterior extremities of the respiratory canals either open at once 
into the cloaca, as in Tvhicolariay or more commonly expand to form the 
contractile sac, the respiratory vesicle (XXXVIII. 26 i). 

At the first appeamnee of the respiratory vesicle, it is of insignificant size, 
and clearly a dilated state of the united ends of the two respiratory canals. 
It is then little or not at all contractile. This condition is illustrated in 
Laeinuluria and StepJianoceros. “ It generally, however, exists as a consider- 
able and actively contractile sac opening into the cloaca. Its walls are very 
thin, and covered with a fine muscular network, discoverable in most species, 
and imagined by Ehrenbcrg to bo vascular. The openings of the respiratory 
canals into this sac arc readily perceived by a proper adjustment of the focus 
of the microscope.” 

From this organization, Leydig concludes that a portion of the water sur- 
rounding the animal enters* by endosmosis, or possibly by minute orifices 
hitherto unporccived, within the cavity of the body, and there mixes with 
the nutritive juices, the analogue of the blood of higher beings. The simple 
act of respiration is consequently limited to the imbibition and the intermix- 
ture of fresh water with the blood. Further, it would appear that the waste 
material is discharged tlirough the vibratile processes, which by their ciliated 
appendages direct the fluid into the respiratory canals, from which it escapes 
cither first into the contractile sac, and thence into the cloaca, or at once into 
the latter. 

Here the question of a glandular, a renal function peiformed by the re- 
spiratory tubes meets us ; but it will be more convenient to defer its consi- 
deration until we have set forth the researches of Mr. Huxley, who differs in 
not a few details from Leydig : — ^we must premise that they apply specially 
to the Lacinularia socmJis, to which, among other peculiarities, ho assigns the 
absence of a contractile sac, although leydig affirms a very small one to 
exist. 

Prof. Huxley acquaints us that the opinion of Oscar Schmidt is, ‘‘ that the 
ends of the water- vessels are closed, and that the vibrating body is within 
them.” And he goes on to say — “ There is no contractile sac opening into 
the cloaca as in other genera ; but two very delicate vessels about of 

an inch in diameter, clear and colourless, arise by a common origin upon the 
dorsal side of the intestine. Whether they open into this, or have a distinct 
extemal duct, I cannot say. 

** The vessels separate ; and one runs up on each side of the body towards 
its oral side. Arrived at the level of the pharyngeal bulb, each vessel divides 
into three branches : one passes over the pharynx and in front of the pha- 
ryngeal bulb, and unites with its fellow of the opposite side, while the other 
two pass, one* inwards and the other outwards, in the space between i;he. two 
layers of the trochal disk, and there terminate as cmca. Besides these, there 
sometimes seemed to be another branch just below the pancreatic sacs. 

A vibratile body was contained in each of the csecol branches ; and there 
was one on each side in- the transverse connecting branch. Two or more 
were contained in each lateral main trunk, one opposite the pancreatic sacs, 
and one lower down, making in aU five on each side. Each of these bodies 
was a long cilium^j^Jj^th of an inch) attached by one extremity to the side 
of the vessel, and by the other vibrating with a quick undulatory motion in 
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its cavity. As Siebold remarks, it gives liso to an appearance singularly like 
that of a flickering dame. 

‘‘ I particularly endeavoured to find any appearance of an opening near the 
vibratfie cilium, but never succeeded, and several times I thought I could 
distinctly observe that no such aperture existed. Animals that have been 
kept for some days in a limited amount of water are especially fit for these 
researches. They seem to become in a manner dropsical ; and the water- 
vessels partake in the general dilatation. 

The band which accompanies the vessel appeared to me to consist merely 
of continctile substance (connecting-tissue), and to servo as a mechanical 
support to the vessel. It terminates above in a mass of similar substance 
containing vacuola attached to the upper plate of the trochal disk.” 

This account differs from that of Lcydig chiefly in the denial of the patent 
condition of the free* ends of the vibratile tags, and consequently of the en- 
trance of the fluid from the cavity of the body through them into the lateral 
vessel. It also casts doubt upon coils of the water- vessel in the neck, and 
upon the presence of a small non-contractile sac at the inferior termination 
of the lateral vessels, whilst, bn the other hand, it represents anastomosing 
branches between the vessels of opposite sides in the neck. Mr. Huxley’s 
description therefore appears rather to favour Mr. Dalrymplc’s hypothesis 
as to the contractile vesicle, whilst, with respect to the lateral can^, it is 
suggestive of a glandular excretory function. 

Dr. Carpenter adopts Prof. Huxley’s description of the tags, and of the 
inosculating vessels in the neck. 

Cohn, in his account of Ilydatina senta {Zeitschr. f, Zooh 1855, p. 444), 
describes two tubes ns springing from the thick-walled, muscular contractile 
sac, lying on the abdominal surface of the animal, immediately subjacent to 
the skin, and communicating with the cloaca. These tubes are respiratory 
canals; ” they have a finely granular wall, and advance with more or fewer 
curvatures and coils towards the head, where they appear to end in straight, 
blind, pointed ends or in loops, which attach themselves to the skin of the 
rotary organ. The ‘‘tags,” four on either side, afilxed to the canal are 
triangular in one aspect, and shortly cylindrical in another, and supported 
on short pedicles, through which their cavity becomes continuous with the 
interior of the canals. The different figure of the tags from diiferent points 
of view has given rise to the error of their being of two sorts— cylindrical 
and triangular. In BracJiionus militaris the contractile vesicle is remarkable 
on account of its very large dimensions. It occupies as much as two-thirds 
of the abdominal cavity, and is composed of two chambers, of which the 
posterior is the larger. The diastole and systole of the two chambers are 
alternate ; the* posterior opens into the cloaca, through a small duct. That 
there is a direct communication between the contractile sac and the cloaca, 
Cohn decisively proved by mingling colouring matter in the water, and wit- 
nessing a current inwards during each dilatation, and one outwards on each 
act of contraction, alternately — an experiment sufficiently conclusive of the 
respiratory nature of the sac. 

TIic mechanism under consideration appears, as Leydig also remarks, to be 
occasionally absent— or perhaps only imperceptible. Dr. Dobie states that 
in Floscularia “ no trace of a vascular system can be observed. The tremulous 
gill-like organs found in some Kotifers are here absent.” After his complete 
examination of Melicerta ringens, Prof. Williamson says — “ I have found no 
special organs of circulation or respiration. ... I detect no vessels or pulsating 
org^s.” Nevertheless a structure at least resembling the vibratile tags waS' 
noticed in this animal by Mr. Gosse, who states that between the gizzard 
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** and the base of the stomach there was one little tremulous tug, of the same 
structure as in Notommata mirita. From the same spot also project, into a 
space of peculiar clearness, two trumpet-shaped bodies of the greatest delicacy, 
and without motion.” Prof. Williamson reminds us, in a note, that he has 
described two tubes springing from a pyriform organ, apparently hollow, and 
located immediately below the stomach. Though ho saw no pulsation in this 
o]'gnn, it appeared to be the homologue of the contractile vesicle in other species. 
He believes the two filamentous organs to be tubular, and suggests the possi- 
bility of their supplying a spermatic secretion, though he is not able to affirm it 
as a fact. He moreover observed the vibratile spermatozoon-like corpuscles 

in various parts of the body, whci*c they are apparently enclosed within 
hollow canals. I have never seen them occupying the two main trunks of 
the watcr-vascniJ^T system, as cfeca, nor can I succeed in tracing any con- 
nexion between them ; ” but it is probable that they were really located in 
some of the branches of that system, as obseiwcd by Mr. Huxley in Lachm- 
laria. 

The glandular renal function of the lateral tubes and appendages has the 
support of analogy among other lowly-organized foimis allied to the Rotatoria ; 
but such an hypothesis falls to the ground, if, as Ley dig thinks, the urinary 
concretions noticed and so named by him in embryo and young animals are 
deposited within the cavity of the intestine, and not in the contractile sac. 
However, naturalists generally will certainly not accept the doubtful disco- 
very of the position and the interpretation of the nature of the particles 
offered by Leydig as conclusive evidence of the nature of those structures, 
but will, in the absence of direct and exact observation, bo rather guided by 
analogy. We will therefore append some extracts, showdng the comparative 
physiology of the supposed respiratory mechanism. 

Leydig writes — ‘‘ There is the greatest similarity betw’cen it and the 
organs in Lumbridnee and Hirudince, which arc conceived to have a respira- 
tory office. In these are similar contorted and coiled tubes, with a clear 
canal opening either without an intermediate contractile sac, as in Clepdne, 
or with one, as in NepTielis, Moreover, the canal opens by a wide ciliated 
aperture into the cavity of the body ; and in this termination of the tubes I 
recognize the homologue of the vibratile tags of the Rotatoria. Moreover, 
the direction of the ciliary motion in the Annelida is inwards to the main 
canal. In the Lumbridnee, Gegenbauer has attributed a renal function to 
the otherwise-called respiratory canal.” 

Dr. Carpenter describes a water-vascular system ” among all the vermi- 
form members of the Articulata, and as represented in its simplest type in the 
Rotifers. “ Similar lateral vessels, often ramifying more minutely (especially 
in the head and anterior part of the body), are found in many of that group of 
veimiform animals clothed over the whole surface of their bodies.with cilia, to 
which the designation Turbellaria has* been given.” This writer surmises 
that the water- vascular system may contain some other fluid than pure water, 
and, as Van Benedcn has suggested, may serve as a urinary apparatus. 

Prof. Huxley presented the following philosophical summary of the com- 
parative relations of the respiratory mechanism of the Botifer ; before the 
British Association : — In certain Distomata, such as Aspidogaster, there is 
a system of vessels of essentially similar character with that in Rotifer ; but 
the principal canals, those lateral trunks which come directly from the con- 
tractile vesicle, present regular rhythmical contmetions. The smaller branches 
are all richly ciliated. In other Distomata the lateral trunks appear to be 
converted into exefetory organs, as they are full of minute granules : they 
remain eminently contractile ; but their connexion with the system of smaller 
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ramified vessels ceases to be easy of demonstration. They still form one 
system ; but the cilia arc no longer to be found in the smaller ramified vessels. 
In certain NematoiiUa the vascular system is reduced to a couple of lateral 
contractile vessels altogether devoid of cilia, but communicating with the 
exterior by a small apci*turc. Now in all these cases there is no doubt the 
vascular system is, physiologically, a respiratory and perhaps a urinary system, 
while the common cavity of the body r^resents the blood- vascular system of 
the Mollusca and Articulata. If this system, then, bo not at all homologous 
with the blood-vascular system of the higher Annulosa, it is so with the 
tracheae of Jnsecta.” 

We may repeat here that the delicate and ciliated rotaiy organ must in 
some measure subserve the purpose of respiration, after the manner of the 
gills of a reptile or of a fish, by providing for the aeration of the liquids 
contained within it through the agency of the constantly renewed contact of 
fresh water flowing over its activcly-vibratilc surface. 

OF THE NERVOUS SYSTEM AND THE ORGANS OF SENSE ; PSYCHICAL 
ENDOWMENTS. 

a. Of the Nervous System, — The existence of a rudimentary 'nervous 
system is now universall}’’ admitted ; hut at the period when Diijiirdin wrote, 
that talented observer felt that the state of knowledge respecting the Rota- 
toria was not sufficiently precise to establish the existence of nerves and of 
nervous ganglions. Ilis scepticism was, no doubt, increased by observing the 
unphilosophical facility with which Ehronberg described and represented 
nerve-cords and ganglions according to preconceived notions and loose ana- 
logies. Illustrations of Ehrenberg’s supposed nervous apparatus, and of its 
modifications of form in different animals, are to be found in his descriptions 
of every family and genus. Thus in giving the characters of Litcinulciria, he 
says that near the oesophagus is situated a nervous mass, the analogue of 
a brain divided into four or six lobes ; also, as in Meyalotroclia (XXXII. 374), 
two ring-like and radiating masses with a row of ganglions lying beneath the 
muscles of the ciliary wreath.” In Melicerta, ho speaks of a curved gland- 
like band of nerve-matter ; in Enteroplea, which has no eyes, of a brain-liko 
knot, sending off a thick tortuous nerve-cord along the dorsal surface to the 
second transverse vessel, whore the respiratory opening probably exists ; of a 
ganglion placed beneath the eye in twenty-six species of Notommahi, which 
in N, Copeus and N, centrura is threc-lobcd and seated above the maxillary 
bulb, whilst in the remainder it consists of one or more nervous ganglia 
seated amidst the muscles of the ciliary apparatus ; and in Otogle 7 ia, of an 
oval cerebral ganglion with two dark appendages, a red eye, a long nerve- 
loop in the neck, with a prolongation backward, a forked ventral nerve, and 
two ear-shaped frontal protuberances bearing two visual points. 

It would be useless to multiply these references ; the generiil deduction 
from the many descriptions of Ehronberg is, that there exists a cerebral or 
brain ganglion, which supports the eyes, and by its extension encircles the 
oespphagus like a loop, sending off nerve-cords in every direction, and often 
complicated by the presence of other nerve-ganglions about the head, neck, 
and body. Moreover, the apparent reticulations frequently visible below the 
ciliary wreath, which he sometimes viewed as a vascular network, he at 
others spoke of as a nervous plexus. 

The present prevailing opinion is siimlar to the above, viz. that there exists 
a brain or central nervc-gdnglion above the oesophagus, with outgoing nerve- 
fibres, and sometimes accompanied by supplementary ganglia in other regions. 
Nevertheless the special descriptions of Ehrenberg are not accepted ; the 
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portions of tiasuc fixed on by him as nci’vous masses, receive in genend an 
entirely different interpretation. Thus in the case of Lachmlaria the sup- 
posed 4-6-lobed biTiin, with extending nei*ve-fibres, is set down as mere col- 
lections of “ vacuolar thickenings,” with intorcurrent fibres of connective 
tissue. The same interpretation is extended to the “ nine pairs of ganglia, 
with fine interlacing nerve fibres,” in Notomniata clavulnta, and to the four 
or five such in DiyUna lacustris ; yet in both these species, the central or 
brain ganglion represented by Ehrenbcrg is allowed to retain this character 
by Lcydig, who sets aside all the rest as mythical. 

The following ciiti(iuc on Ehrenberg’s views is from Prof. Williamson : — 

The small organs so common amongst the Itotifcra, and which Ehrenbcrg 
regards as neiwous ganglia, are abundant in the Melicerta, but they afford no 
countenance to the hypothesis of the great Prussian Professor (XXXVII. 
17 Tc), They appear to be notliing more than small cells, or vesicles, formed 
of granular viscid protoplasm, very similar to those into which the yelk of the 
egg becomes divided. Sometimes they float freely in the fluid which distends 
the integument and bathes the viscera ; at others, thin ductile threads pass 
from one vesicle to another .... There is no uniformity in their arrangement 
in different individuals. They differ as widely as possible in their size, 
number, and distribution. So far from being nervous vesicles, they appear 
rather to be cells modified into a rudimentary form of areolar (connective) 
tissue. That they arc hollow vesicles or cells, very viscous, readily cohering, 
and, owing to this coherence, readily drawn out by the movements of the 
various organs to which they are attached, are facts capable of easy demon- 
stration.” 

A central nervous mass or brain, immediately subjacent to the cyc-specks, 
and above the oesophagus or pharynx, which sends off norve-fibres in different 
directions, is, as already intimated, generally admitted to exist. It is men- 
tioned by Siebold, Perty, Gosse, Dalrymple, Leydig, Cohn, and others. The 
two first-named authors allude to it as a group of ganglions ; but Leydig 
affirms that, although it may be lobed, it is always a single and undivided 
organ. Some, again, have treated of it as forming a loop or ring around the 
gullet ; but such a condition is denied by Leydig, who states that it only 
extends itself in the form of diverging nerves, which end by enlarged extre- 
mities, and never form loops, such as Ehrenbcrg represented, around the 
tubular process or respiratory siphon. 

This nervous centre or brain, supporting the eyes, is seen in the families 
Hydatlncea, Euchlxxnidota, and Brachioncea. Lcydig, however, cannot admit 
the masses supposed to represent the cerebrum in the families (Ecistina, Mega-- 
lotrochana, and Floscularia, nor the pairs of nerve-like gangliops at the base 
of the trochal disk of Stephamceros, to have a’ cerebral character ; he supposes 
them rather to bo coils of the respiratory canal, or heaps of granules or 
nuclei, such as are met Avith beneath the cuticle.” 

Prof. Huxley discovers the nervous centre under a peculiar and unusual 
usual form in Lcicinularia socialis. To quote his words — On the oral 
side of the neck of the animal, or rather, upon the under surface, of 
the trochal disk, just where it joins the neck, and therefore behind and 
below the mouth, there is a small hemispherical cavity (about T-^^jn^th of 
an inch in diameter), which seems to have a thickened wall, and is richly 
ediated within. Below this sac, but in contact with it by its upper edge, is 
a bilobed homogeneous mass (about -g^th of an inch in diameter), resembling 
in appearance the ganglion of Brachioniis, and running into two prolongations 
below ; but whether these were continued into cords, or not, I could not make 
out. 
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“ I believe that this is, in fact, the true nervous centre, and that the sac 
in connexion with it is analogous to the ciliated pits on the sides of the head 
of NemertidcBy to the ‘ ciliated sac ’ of the Ascidians, which is similarly con- 
nected with their nervous centre, and to the ciliated sac which forms the 
olfactory organ of AmjMoxus. 

** Mr. Gosse has described a similar organ in Melicerta ringens ; and I have 
had an opportunity of verifying his observations, with the exception of one 
point. According to this observer, the cilia are continuous from the trochal 
disk into the cup ; so far as I have observed, however — and I paid particular 
attention to the point, — ^the cilia of the cup are whoUy distinct from those of 
the disk. The interesting observations of the same careful observer, upon the 
architectural habits of Melicerta, would seem to throw a doubt upon the pro- 
priety of ascribing to the organ in question any sensorial function. But 
however remarkable it may seem that an animal should build its house with 
its nose, wo must remember that a similai’ combination of fimctions is ob- 
vious enough in the elephant.” 

This last analogy is assuredly very far-fetched, and can serve nothing in 
the argument ; and to us it seems a much more reasonable supposition that 
the homogeneous bilobed body below the ciliated cup is a gland, than that it 
is a brain ; were it a brain, surely some nerve-fibres would be traceable from 
it into the interior of the animal. Of this body Prof. Williamson says — “ I 
see no sufficient reason for assigning to the small organ nervous functions 
and he further remarks that the ciliated sac or cup becomes so contracted when 
the animal is not busy in constructing its case, as to be almost invisible,” which 
is another circumstance discountenancing Prof. Huxley’s notion of its pur- 
pose. Cohn has no doubt of the cerebral nature of the large semiglobular 
mass, noticed also by Ehrenberg, in the head of Hydatina senta ; and he 
records having frequently observed in its interior a large, transparent, circu- 
lar vesicle or vacuole. A large number of nerves are given off from its an- 
terior portion ; but from its posterior, two thick fibres proceed backwards and 
outwards to the apparent ciliated opening on the surface of the back, and 
constitute a cervical loop. There is, however, no actual opening, but merely 
a ciliated fossa, which is probably a sentient organ. About the large cerebral 
ganglion are other lobules, also probably nervous, from which fibres are given 
off and possibly form a plexus between the alimentary tube and ovary, be- 
sides supplying the muscles. Above the ciliated fossa named, is another de- 
pression supplied with nerves ; and, according to Ehrenberg, a similar one 
is present on the opposite side of the body. 

Various accessory ganglions or nerve-centres have been represented by 
authors at different parts of the body, mostly in relation with some of the 
principal organs, this arrangement being suggested by the known nervous 
system of other Invertebrata — ^for instance, the Mollusca, which have usually 
a special ganglion for the nervous supply of each princip^ organ of the body. 
Such a mifitiplication and disposition of ganglia, Oscar Schmidt endeavoured 
to demonstrate in Brachionus urceolaris and in Hydatina senta. His inter- 
pretation has, however, not been accepted by others, and, generally, the 
characteristics of ganglions are so ill-defined, that the bodies considered to 
be such by the observer are pronounced to be no other than vacuolar thick- 
enings of connective or other dissimilar tissue by others. 

Perty makes the statement that in Hydatina, Synchceta, and Diglena there 
is a series of ganglions along the anterior surface of the abdomen, with con- 
necting nerve-fibres between them and the brain. A nq^ous system of this 
sort belongs to the higher Crustacea ; but although many -have sought it in 
the Kotatoria, Forty is the only observer w'ho has affirmed its C'xistence in any. 
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Mr. Dalrymplc mentions the presence, in his Notonimata anylica, of a small 
ganglion sending off nerves to the stomach, salivary glands, and ovary ; but 
Ley dig looks upon this structure as no more than the cells and fibres of con- 
nective tissue, and states that ‘‘ similar clear cells, of various size, having 
delicate elongated branches, are seen in Notommata centrura^ N. Mynneleo^ 
N. cUvvlatay and in Diylena lacustris. The delicate branches, or threads, 
extend between the cpidonnis ahd the viscera of the body, and wore described 
by Ehrcnberg to be nciwes, but are actually the means of retaining the vis- 
cera in sitUy^ — a conclusion supporting that of Prof. Williamson. 

There is, however, one set of nerves recognized by most observers, which 
proced from the cerebral ganglion to the surface of the body, ending at the 
bottom of the epidermic pits described above (p. 403), from which stiff cilia or 
bristles project, or, otherwise, running to the extremity of the protuberances 
and antenna-like processes, which are also armed with bristles. Dalrymplc 
noticed nerves so distributed in Notommata angliea ; and Lcydig has indicated 
the like in many species. The supply of a nerve to the so-called siphon or 
respiratory tube imparts to it the character of an antenna, tactile organ, or 
feeler. The evident delicate band or cord seen within the tubular process of 
Melicerta is indeed caUod by Mr. Williamson a muscular band ; yet at least 
some portion of it must be esteemed a nerve-cord, if the organ in question 
really possesses tactile powers. 

A similar distribution of nerves is witnessed in the Turbellaria, and, as 
Leydig says, among the Phyllopoda and Arthropoda. 

Nervous substance has its origin in simple cells, which in ganglia retain 
their cellular character, but in nerves appear to be elongated as tubes, — the 
cell-wall constituting the nerve-sheath or the neurilemma — the ceU-contonts 
(the contained nerve-tissue) existing as a fine molecular matter. In nerve- 
masses or ganglions the original nuclei remain, and the several constituent 
cells are aggregated and held together by diffused connective tissue. Some 
peculiar structures, supposed to stand in especial relation to the nervous 
system, are described by Leydig. Wo cannot do better than follow his 
account in an abstract. 

Immediately above or about the brain-ganglion, in many genera, a sac is 
observable filled with a whitish substance, called by Ehrenbcrg the “ chalk- 
sac (Kalkbeutel). Leydig confesses that he has hitherto been unable to 
determine whether this sac is in immediate connexion with the brain, or in- 
dependent of it. In Notommata centrura (XXXVIII. 26 t') it appears as a 
process or lobe of the brain ; but in another species, N. aurita, the sac is so 
elongated as to form a thin stem filled with the chsdk-like matter, which it 
seems to discharge by an opening on the head. This organ wpuld therefore 
seem to partake of the nature of a gland. B6sidc the genera named, this sac 
is seen in Notommata in N. collaris, and in N. tardigrada ; also, if the 

black speck noticed by Perty be the same structure, in N, roseola. Ehrcnberg 
refers to its existence in Diylena, Megalotrocha, and Brachionus ; but in the 
last-named genus Leydig has failed to discover it. 

The vesicular space or sac is, in several instances, not single ; but two, 
three, or four are noticeable. Thus in Megahirocha Ehrcnberg mentions four 
opaque, white, spherical bodies at the base of the rotaiy organ. 

Another sac, distinct from the foregoing, is seen in Euchlanis and Notom^ 
niata centrura, lying in the median line close above the brain, and discharging 
itself by a duct passing forwards to the cuticle. It contains no chalky matter, 
but is translucent and composed of clear cells. The peculiar and considerable 
organ which Leydig met with in Steplmnoceros, placed in advance of the sto- 
mach, and co^^sting of a group of hyaline vesicles with a discharging orifice 
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on the neck, its observer is inclined to refer to the same category with the 
problematical structures of Euchlanis and Notommata centrura. He more- 
over seeks to establish an affinity between these organs and the small clear 
space surmounted by a ring on the cuticle, situated in the middle line of the 
body, behind the frontal sj)eck in Phyllopoda, such as Braifichipm ; but even 
if this affinity be admitted, no light is thrown ' upon the functions of these 
questionable structures. 

b. Organs of Sense , — The existence of some of the senses is to be in- 
ferred from that of a neiwous system. The sense of touch is one concerning 
which there can be no question ; that of taste, in its nature allied to the 
tactile sensibility, is very doubtful, whilst those of smelling and hearing may 
be pretty safely stated to bo entirely absent. Lastly, the sense of sight 
is generally admitted to exist, and to have special organs, or eyes, for its 
exercise. 


Touch may be supposed to be diffused as common sensibility over the 
entire surface of the body, and especially developed in the soft tissue of the 
rotary organ, in its processes and antennse, and in the soft processes and 
termination of the pscudopodium. Something approaching a sense of taste 
has been imagined present, particularly in the antennee or feelers. If the 
faculty of hearing seems occasionjilly exercised, we must attribute the cir- 
cumstence in part to the perception of the distiu'bing cause by vision, and in 
part to the vibrations produced in the liquid. 

The visual organs (XXXVIII. 16-19, 33) have claimed particular atten- 
tion, and now have their existence in the majority of Eotatoria, at some pe- 
riod of their life, satisfactorily proved. Dujardin, dissatisfied with Ehrenberg’s 
hasty generalizations, and compelled to deny the visual character of the co- 
loured specks in various Protozoa and Phytozoa, looked, no doubt, "with greater 
scepticism upon the Berlin Professor’s representations of eyes in Botatoria 
than ho otherwise would have done, and started some objections against them. 
He says — “ I will not deny a certain analogy between the red specks and the 
coloured points observed in Cydoj^idoBy and which may bo called eyes ; but I 
cannot assign to such specks a very high importance, seeing that they con- 
stantly disappear in the adult condition of many Botifera, and otherwise show 
themselves more distinctly, according to the degree of development as deter- 
mined by the season and the place of development.” It should be noted, 
however, in reply to this objection, that a similar disappearance, on the at- 
tainment of the adult state, occurs in the parasitic Crustacea, the visual cha- 
racter of whose eye- specks or ocelli is not questioned. Moreover, although 
some coloured specks in the Botifera are undoubtedly mere heaps of granules, 
yet others have assuredly a definite optical organization and function. These 
possess a refracting medium, the essential part of an eye ; and their organ- 
ization, though simple and imperfect, yet elevates them to the rank of eyes, 
eyelets, or occUi. 

Ehrenbcrg gave much attention to the position, number, and other pecu- 
liarities of the eye-specks of Botatoria,' as he employed them largely in 
framihg his classification. Unfortunately, however, he did not acquaint him- 
self sufficiently with their minute structure, but was content to call all the 
coloured specks he met with eyes, and insisted on unimportant and inconstant 
particulars as generic and specific characteristics. These errors have conse- 


quently much vitiated his classification {see chapter on Classification) ; and 
the tendency at the present day is to assign to the coloured eye-spots an al- 
together secondary rank among the characteristics of Botatoria. 

Ehrenbcrg described the eye-specks as variously situated, on the fore part 
of the head (forehead) or on the neck, as mostly sessile (?*. e, situated imrae- 
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diately on the part), and rarely pedunculate (/. e, supported on a pedicle or 
stem), as in Otoglefaa, In some species, as in Rotifevy the eyes are placed 
on a protrusile part of the head, and consequently appear at one time in ad- 
vance of the head, and at another far backward within the body. In Monuray 
IChrenbcrg states they are moveable. Tho number of eye-spots varies con- 
siderably : in several genera there is but one, e. g. Furcularia, Momcerca, 
Rotomnifftay and Brachiontis ; but two eyes are more common, as in Melicerta 
(XXXVII. 15), Lamnulariay Megalotrocha (XXXII. 376), Rotifer (XXXV. 
476-478), and Digletm ; three eye-specks occur in Asplanchnay TriophthaU 
mm (XXXIII. 412-414), Eosphoray and Otoglena ; four in Squamella ; and 
from six to twelve coloured spots and upwards are met with in Gyclogleiia and 
Theonis (XXXIV. 425-429), but their visual character is more than doubt- 
ful. These last “ conglomerate eyes,’’ as Ehrcnberg calls them, appear to 
be no other than collections of coloured (it may be oil) particles, and arc 
akin to the largo coloured spaces seen on Notommata forcipata and Syrnheeta 
Balticuy having neither a definite nor a regular outline (see p. 440). Subse- 
quent research has proved Ehrenberg in error respecting the number of eyes 
in several species, — an error which seriously affects his classification. 

The ordinary colour of the eye-specks is red, but sometimes it is reddish- 
brown, and rarely violet or black. The colour may change in the lifetime of 
the individual, as from red in the young to black in the adult state. In a 
few instances no eye-specks are visible. 

Except some of the doubtful collections of coloured specks, the eye-spots are 
placed immediately above the great ganglion of the head, the homologue of tho 
brain, or, as Siebold affirms, are united with it by intermediate nerve-fibres. 
The intimate structure of the eyes was ill-understood by tho great Prussian 
Professor. He was unable to convince himself of tho existence of a cry- 
stalline lens and of a cornea. Thus, in his account of Rotifer vulgarisy ho 
states that the eyes consist of several cells filled with a granular pigment, 
and sometimes they separate abnormally into several portions. Ho thinks 
there is no crystaUine lens, although they are probably compound, like the 
eyes of insects. 

Siebold insisted on tho coloured specks of Rotatoria being sharply defined, 
and in many cases, at least, furnished with a capsule, in contradistinction to 
the ill-dofincd vanishing pigment-masses imagined to be eyes in the Protozoa. 
Wagner also speaks of a lens in the eyes of Lacinvlaria, Perty is adverse 
to the notion of a lens or cornea, or of a capsule ; yet in Pterodina Pathia 
he notes that the elliptical eye-speck, viewed on the side and from below, is 
seen to consist of an upper red and an under white half. That the latter 
represents a refracting medium is highly probable. A compound structure 
is further indicated by Perty in Scaridiuni Utigicaudumy in which he perceived 
‘‘ a mass of small granules resembling a gland, in the midst of the red pig- 
ment-corpuscles, which are outspread irregularly, and paler at the circum- 
ference. Moreover, in EuchJunis triquetra there is an irregular brown scale 
with reddish-brown contents, whilst in E, Luna the unusually large eye-spot 
appears to be made up of teto. to twelve distinct red granules. . . 

Lcydig arranges the single eye-specks under three tyi^os : — 1 . an ordinary 
pigment-spot, of a rounded or irregular outline, a reddish-brown, black, or 
violet colour, not sharply defined, e, g. in Notommata Synchteta ; 2. a de- 
fined, sharply-bounded speck, actuaily composed of two coalesced hemi- 
spherical portions, such is seen in BracJiionm ; 3. a speck having a clear 
refracting body projecting from the mass of pigment — a structure discovered 
by Leydig in Eudilanis unisetata (XXXVIII. 19). The first type is the most 
prevalent. 
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Lcydig next proceeds to show that the single eye-specks^ appearing only 
as an accumulation of pigment-granules, are precisely homologous structures 
with the reputed eyes of Cyclops and Daphnia among the Entomostraca, and 
of Argulmy Artemiay and Branckipua among the PhyUopoda. In neither the 
one nor the other docs a lens, cornea, or capsule exist, ^though in a few (for 
instance, in Notommata Myrmeleo) a glistening white substance is intermixed. 
The single eye-spot of Brachiomis, with its coalesced central segments, has 
its counterpart in the eye of the larva of Cyclops, and an evident analogy 
with that of Cyclopsina, as also with that of Caligus, in both which a refract- 
ing lens makes its appearance,. it is likewise similar in general conformation. 

Who then, asks Leydig, can advance any direct arguments against the 
hypothesis that, by the medium of the pigment-granules in immediate con- 
tiguity with the neiwe-ccUs of the brain, without a refracting body, a percep- 
tion of light is possible ? That the Kotatoria, on the contrary, may possess, 
equally with the Crustacea, a refracting medium, is illustrated by the example 
of Emhlanis unisetata. With reference to those species having two eyes, Leydig 
has convinced himself of the presence of a lens in both in Pterodina, Ste^ 
phanops, Metopidia, Rotifer dtrinus, and in R. macrurus ; and he thinks he has 
seen one in the eyes of the young of Tubicolaria, Melicei^ta, and Stephanoceros, 
although the soft state of the parts and their indistinct outline render the 
observation less certain. In the last-cited animals, when any trace of the 
eye-pigment remains, none whatever of the crystalline lens is visible. Of 
the other binocular Kotatoria, not mentioned, Lcydig’s opinion is, that ana- 
logy intimates the existence of a refracting medium, and their nature as true 
eyes. The presence of a special homy skin or a particular capsule sur- 
rounding the pigment is doubtful ; for the cuticle probably performs the office 
of a cornea. 

Of the many-eyed Rotatoria, Leydig has particularly examined Eosphora 
and Theortis. He finds Ehrcnberg in error respecting Eosphora, which, in fact, 
possesses a single eye- speck above the brain ; and what that naturalist took 
to be two clear eye-points on the frontal margin are merely intensely orange- 
or yellow- coloured spaces, which arc at once seen to be without any affinity 
with the other eye-specks. The eyes of Theorus are nothing more than oil- 
drops within the stomach-glands. Ehrenberg, moreover, describes colourless 
eyes, the visual nature of wliich may well bo doubted. Although he has no 
direct observation, Leydig believes that in Sqtiamella the pigment is composed 
of numerous portions disposed around a crystalline lens, and that the animal 
may consequently be called many-eyed. 

The conclusions ai-rived at by Leydig are, “ that the single-eyed species of 
Kotatoria have, many of them, a refracting body in their eye-specks, which 
are therefore tnio simple eyes, but that in most cases a lens is wanting, and 
the specks are merely rudimentary eyes ; whilst in those with two eye spots, 
each of them is, by the presence of a lens, "an actual simple eye.” 

Ehrenberg stated that eye-specks were entirely absent in several genera : 
such were the doubtful Rotatoria Ftygura and Ichthydium, also Choetonotm, 
Cyphpngutes, TuhicolaHa, Enteroplea, Hydatina, PUurotrocha, Lepadella, 
Hydrias, Typhlina, and Noteus, With reference to Tvhxcolaria, Leydig 
shows that in the young state this genus has two eye-specks ; of the other 
exceptional forms, several have been insufficiently examined to found any cer- 
tain statements upon. 

The curious fact of the disappearance of the eye- spots in several Kotatoria 
has been already referred to. Examples occur in the genera Melicerta, Lad- 
nularia, Floscularia, Tvhicolaria, and MegahtroeJia, 

c. The Psychical Endowments of Kotatoria are probably of the nature of in- 
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stinct ; some so supposed are simply acts dictated by external circumstances. 
Perty intimates that the apparent sinking after one another, the gamboling 
among themselves, and the fact of their depositing their eggs in chosen and ap- 
propriate localities, to which, after an absence, they will return, are pheno- 
mena evidencing perception, design, and a sense of company . This last imagined 
sense was one suggested by Ehrenberg, who affirmed that ho had observed it 
in the case of Fhilodina roseola, which, when kept in glasses, deposited its 
eggs in heaps, the parent remaining a long time with the young ones pro- 
duced from them, and so constituting a sort of family or colony, — an act 
dictated, as he surmised, by a sense of company or family. 

The occasionally-observed rejection, and ejection, of what may be deemed 
disagreeable or unsuitable nutriment, are acts which some might interpret to 
be indicative of volition, and, in some degree, of pain or unpleasant impression ; 
but they arc quite explicable without reference to a sentient nerve-centre, or 
to high psychical endowments. The same thing may be said of other reputed 
evidences of the existence of psychical or mental faculties. 

Of the Hepboductive Okgahs and Development of . Kotatotua. — ^T hc 
Kotatoria were for a long time assumed to be hermaphrodite or monoecious, 
?. e, that each individual possessed a perfect male and female reproductive 
apparatus, by which ova are formed, and fructified without the presence or 
contact of any other individual. There has never been any difficulty in 
determining the female generative organs, which are very clear and well 
defined ; but the greatest diversity of opinion has subsisted respecting the 
coexistence of male and female organs in the same individual. 

Dujardin attempted no explanation of this matter, whilst Siebold candidly 
afiirmed that in the absence of any precise knowledge as to the male organs, 
it is impossible to say whether the Rotatoria are moncecious, or have the sexes 
separate — are dioecious. 

The clearing up of this questio vexata, in several at least of the Rotatoria, 
is due to our countryman Sir. Brightwell of Norwich, who demonstrated the 
existence of distinct male animals, and figured them (XII. 65, 66) in his 
‘ Fauna Infusoria.* This discovery was further carried out by Mr. Dal- 
lymple, and has subsequently been extended by Mr. Gosse, Leydig, and 
others. Inasmuch, however, as the monoecious or hermaphrodite condition 
is very prevalent among the lower Invertebrata ; as the males of the majority 
of the Rotatoria have as yet escaped detection ; and as there are parts dis- 
cernible in several of them presenting some similarity with recognized male 
organs in other animals, not a few eminent observers still incline to the 
belief that, at least in a portion of this class, the sexual organization is of the 
monoecious type. These doubtful organs will be discussed after the well- 
determined female apparatus, and the male janimals, have beeh described. 

Female Hepboductive Obgans. — ^Thesc were pretty accurately determined 
by Ehrenberg, who noticed a single or double ovary, an oviduct, an ovisac, 
and a vaginal sheath or outlet leading to the cloaca or the rectum. 

The ovary, in which the ova or eggs are generated, lies immediately beneath 
or behind the alimentary canal, between it and the contractile sac (XXXVIII. 
2Qo,p; XXXVII. \e, 19 A, 32 c) ; its anterior border often advances as far 
forward as the maxillary (oesophageal) head. Oftentimes its position is rather 
transverse, and it lies across the intestine, or is curved to some extent around 
it. It varies in size, but is always a very large organ, and occupies a consider- 
able space in the interior of the body. It also presents much diversity of 
figure, being sometimes round, oblong, or oval, at others flattened, elongated, 
renifom, bilobed^ homed, or curved like a horse-shoe. It is enveloped by 
a delicate membrane, rendered very obvious by the action of acetic acid 
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(XXXVII. 220), which contracts the substance of the ovary, and throws the 
membrane into sharp folds. This membrane may likewise be detected with- 
out the assistance of chemical reagents, where it is contracted below into an 
outlet or duct opening in the cloaca. It forms a pellucid membranous bag, 
which may be ruptured by pressure, giving exit to its viscid contents ; and 
Leydig asserts that the wall of the ovary is contractile, as tho addition of 
alcohol demonstrates. 

The substance of the ovary is called the ‘ stroma ^ or protoplasm ; it has a 
linely-granular appearance and a viscid consistenco. It is usually of a milky 
or a light-grey colour, and has interspersed in it, besides granules, numerous 
clear bodies of a vesicular appearance (XXXVII. 1 e ; XXXVIl. 7), but 
which, Leydig says, are really homogeneous. Williamson counted between 
20 and 30 in the ovary of Melicerta^ varying in diameter from y^'inr^h to 
y^^^th of an inch (XXXVIl. 22). These, by development, constitute the ova 
or eggs, and may be termed rudimentary ova. AV^ithin each a finely-molecular, 
more or less opaque, and rounded body is perceptible (the nudeus), surrounded 
by a clear, transparent ring, apparently filled with fluid (the germinal vesicle) 
(XXVII. 6, 7). “These are,’^ writes Huxley, “the germinal vesicles and 
spots of the future ova. Acetic acid, in contracting the pale substance, groups 
it round these vesicles, without, however, breaking it up into separate masses. 
It renders tho nuclei more evident.” This author further remarks, “ the 
pale clear space is sometimes seen to be limited by a distinct membrane.” The 
measurements of the nuclei in Melicerta are, according to Williamson, from 
•Jjy^th to y ^^g ^th of an inch in diameter. Witliin each nucleus are usually 
from one to three clear spots — the nucleoli. The nucleolus, as understood by 
Williamson, corresponds with the nucleus in the preceding description, whilst 
this last term is applied by Huxley to tho entire germinal body or rudi- 
mentary ovum. 

Formation of Ova, their Extrusion, and Development. — After fructifi- 
cation, and preparatory to their transition into ova, the germinal spaces undergo 
various changes in constitution and appearance. The germinal vesicle en- 
larges, its nucleus disappears, and the ovum is indicated only by an ill-defined 
transparent spot, which may, by pressure, be isolated as “ a small spherical 
cell about diameter, having very thin pellucid walls, 

and scarcely any visible cell-contents ” (Williamson). Consentaneously with 
these movements in the germinal space, the construction of the ovum pro- 
ceeds by tho attraction and separation of a portion of tho surrounding proto- 
plasm forming a yelk. The portion so appropriated is particularly rich in 
granules which have previously congregated in the ovary, and now attracted, 
it may be supposed, by the active vital action set up in the rudimentary 
ovum. This abundance of granules produces a deeper colour and an increased 
opacity in this portion of &o ovary ; so that when, as Prof. Williamson re- 
maj'ks in the instance of Melicerta^ this process of development proceeds in 
the centre of the ovary, the latter organ appears divided by the incipient ovum 
into an upper and a lower half. 

The ponscquence of these several changes is that the resultant ovum is of 
considerable size (XXXVIl. 170) and stands prominently outward from the 
general surface of the ovary, acquiring at tho -same time an independent 
character by the production of a limiting membrane about the vitellus or 
yelk, called the vitelline or vitellary membrane. Huxley, indeed, docs not 
regard this as a distinct and specially produced covering, but as derived froni 
a portion of the enclosing membrane of the ovary, pinched off from the rest. 

Prof. Williamson enters into a comparison of the development of the ova 
of Mclkerta with that of the higher Mammalia, to show tho close relationship 
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that subsists between them during this process. We have not space to follow 
out this piece of comparative physiology in the words of the author, but can 
only state his conclusions; viz. that the elements which are contained in and 
solely occupy the ovisac of the Melicertaf are those which, in the ovaries of 
the higher Mammalia, are restricted to the interiors of the Graafian vesicles ; 
that, Avhilst in the former the protoplasmic stock forms one undivided mass 
from which portions arc successively pinched oif to form the ova, in tlie latter 
(the Mammalia) it is divided into small portions, each being contained within 
a special receptacle or Graafian vesicle, the interspaces being occupied by the 
stroma or tissue of the ovary. 

It is in the yelk-mattor, derived from the protoplasm, that the red tint 
noticed by Ehrenberg and others occurs ; the colour depends on red element- 
ary granules, and on highly refractive oil-like particles. Mr. Gosse suggests 
that “ possibly the colouring matter of these reservoirs may be resolved into 
the red pigment of the eyes, and the yellow of the jaw-cushion and other 
paiis ; ” such a destiny we deem scarcely probable. Moreover the appear- 
ance of oil-molecules often refracting a red colour, about parts in which active 
devcloi)ment is proceeding, is a fact very generally observed. A red hue of 
the ova is seen in Philodina roseola, Brachionus riibens, Mastigocerca carinata 
and Polgarthra ; in Notommata Sieholdii, Asplancha, Anuroea curvicoimis, 
Syndiceta pectinata, and in Ladnularia socialis. Leydig believes that in 
many forms, e. g, Bracldonus, Noteus, and EucJilanis, one portion of the ovary 
produces almost exclusively the yelk, and has in consecpience a darker colour 
than the other part, which developes the germinal spaces. This phenomenon 
has, he remarks, its analogue in various Crustac(;ans — the Htxapoda and 
AseUina, It may be here stated, however, that the darker portion of the 
ovary has assigned to it, by other naturalists, the office of preparing the 
winter ova, presently described, rather than the yelk, as supposed by Leydig. 
The preceding account, indeed, applies particularly to the production of the 
ordinary ova ; the early history of the winter ova referred to will be given in 
the account of development. , 

The Ova. — The llotatoria devclope two varieties of eggs, called re- 
spectively ‘‘ summer ” and ‘‘ winter ” ova, besides male eggs. Much difference 
obtains between them, especially in their developments, contents, and later 
history. The summer eggs have thin, smooth, firm, and clastic shells, so 
transi^arent that the course of the changes proceeding within may be watched 
throughout. In figure they are ellipsoid, oval, or ovoid (XXXVII. 5, 6, 8, 9). 
They are laid by the animals during the whole course of the summer, and are 
forthwith hatched. The winter ova, on the contraiy, are chiefly produced in 
the autumn, and are destined to remain in an inactive or torpid state during 
the winter. They are generally of larger dimensions, often irregular in form, 
from inequality of the two sides, or from prominences or de^ucssions of the 
surfaces (XXXIX. 20), and opaque on account of their dark granular con- 
tents and of their double shell (XXXVII. 21, 22, 24). Caustic potash 
renders the shells clearer and more transparent, and causes some of the 
inequalities of their surface to decrease. Huxley says that the tough elastic 
membrane or shell is soluble in both hot nitric acid and caustic potassa. 
Between the two shells is an interspace, more I’oomy, at the opposite ends of 
the egg. The inner shell is thin and delicate, and immediately envelopes 
the yelk enclosed in its vitelline membrane. The external one is thicker, 
firmer, and usually of a brownish-yellow colour. Its surface is mostly 
roughened, or tuberculated, striated, or thrown into ridges, arcolated, cellular, 
or divided into fEicets, beset with longer or shorter hairs and bristles, and occa- 
sionally wdth spines. Examples of such modifications of the surface occur iri 
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Anurcea Testydo, A, serruluta, Notonvtnata Sieboldiiy N, MyrmeleOy Md^icerta 
ringens, Aacomarplm Qermanica, Lacinularia sodaliSy Scaridium longicavdwmy 
Hydatina sentay Anuraia valya, &c. Ehrenberg was not prepared to admit 
the existence on ova of actiid hairy processes, but supposed them to be the 
hair-like filaments of Hygroerocis, or of other Algaj. This supposition may 
in some cases bo correct ; for ova, like other bodies in the water, may become 
the nidus for the growth of various microscopic plants and animals. That 
some ova, however, are actually hairy is evidenced by their visible occurrcnco 
in that state even whilst still within the abdomen of the parent ; as may bo 
seen in the ova of Hydatina senta, of Notommata Parasitus, &c. Both winter 
and summer ova may often be mot '^th in the same animal (XXXIX. 16) — 
the one kind perhaps still in the ovary, the other on the point of expulsion ; 
or, it may be, both sorts may be carried about attached to the posterior part 
of the parent animal. This last occurrence is noticed by Leydig in Brachionus 
BaJeeri, 

These two varieties of ova were recognized by Ehrenberg, who assigned 
them the names applied to them. Mr. Huxley suggests, instead of the term 
‘ winter ova,^ the appellation, ^ ephippial ’ ova, to in^cate their analogy with 
the similar eggs of Daphnia and other Entomostraca. 

When recounting the propagation of Notommata Sieholdiiy Leydig remarks 
that male and female ova are not developed together in the same animal. 
This fact has been extended by Cohn to apply to the whole family of Rota- 
toria. According to him the ephippial are always distinguishablo by their 
external characters from the common summer ova, particularly by their much 
smaller dimensions. They have thin, transparent shells, and arc chiefiy pro- 
duced at those seasons when < ephippial ’ ova are generated. Their develop- 
ment follows the same course as that of the ‘ summer ^ ova ; but they are pro- 
duced in very much smaller numbers, — a circumstance that affords another 
reason for the paucity of males compared with females, whenever a collection 
of Rotatoria is examined. 

When the development of summer ova in the ovary has proceeded to the 
point we have mentioned, and the egg is already become a distinct body from 
the general substance of the ovary (XXXVIT. 2 d)y it is slowly moved down- 
wards towards the passage or oviduct (XXXVII. 2/), which ends in the 
cloaca (XXXVII. 32 c^) ; and it is in tMs part of its course that the shell 
becomes perfected. In the majority of the ^tatoria the ova are at this stage 
extruded, the further phases of development proceeding externally to the 
animal ; in others they are detained in their passage \intil the embryo is 
more fully elaborated, or even until it is perfect and released from its shell. 

The size of the ova prior to expulsion XXXVII. ^2d\ XXXVIII. 26 j?) 
is very extraordinary, so much so* that a single ovum will sometimes occupy 
the lai'gor portion of the interior of the animal. The completed egg of Me- 
liv^tSL has an average length, says Williamson, of y^th of an inch, and a 
diameter of ^^th. The eggs of some Hydatince are y^th, of Lacinularia 
y^th of an inch and upwa^s in diameter. 

' In several Rotatoria, two or more ova become agglutinated together near 
the termination of the oviduct, or in the cloaca, and are expelled together en 
masse, and still remain adherent to the parent, close to the cloacal outlet at 
the base of the tail. This is exemplified in Triarthra (XXXVITI. 30 d), Po- 
lyarihra (XXXIII. 400, 401), Anurcea (XXXV. 496; XXXIX. 16), and 
Nolens, 

The oviduct, or passage from the ovary to the cloaca, is a membranous tube 
formed by a prolongation of the tunic of the ovary. It is always extremely 
dilatable ; and sometimos an egg is so long detained in its lower part, that it 
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seems to serve the purpose of a uterus, and has received the name of ovisac. 
The orifice of this oviduct or ovisac into the cloaca is called the “ vaginal 
orifice ; ” the vaginal sheath, spoken of by Ehrenberg, would appear to be 
either the termination of the oviduct or sometimes the cloaca itself. The 
oviduct may occasionally be deficient. Prof. Huxley states that he could 
discover no such passage in LacinuluTia* 

The egg, having descended into the cloaca, is expelled thence by means of 
a strong contraction of the whole body, and, in the act of escaping, involves 
the eversion of the cloaca. The time occupied in tlic formation of the sum- 
mer egg, from its first appearance as a vesicular space in the ovary to its 
completion and extrusion, is very brief, generally only a few hours. 

We have noted the discharge of several eggs adherent together, and their 
subsequent attachment at the anal outlet. In other Rotatoria, likewise, ova 
expelled singly attach themselves at the posterior extremity of the body, 
singly or united together by a gelatinous matter, and not uncommonly at- 
tached by evident cords or pedides to the parent. This is seen in MegaU- 
trocha, in BracJiwnus ruhenSy and in B, Pala. 

In the species last named, as many as ten may often be seen in a group 
near the cloacal orifice. In AscomorpJiay some six may be found adherent. 
In Pohjarthra (XXXVIII. 30), not more than one egg is found attached at the 
same time. Thus the eggs are carried about by the parent one after another, 
arriving at maturity and escaping from its shell. The like phenomenon is seen 
in various Entomostraca, and in Polynocy Exogomiy and other Vermes, which 
likewise produce both summer and winter ova. Among the urceolate Ro- 
tifers, the eggs escape into the case or gelatinous investment, and there pro- 
ceed to their ultimate development, safe from many obnoxious influences and 
from destruction by other animals. 

Development of the Embryo. — The following changes transpire pre- 
paratory to the construction of the embryo. The nucleus is seen to elongate, 
and then to present a constriction about its middle (XXXVII. 5) ; the yelk 
at the same time shows a similar constriction, which continues to deepen in 
correspondence with that of the nucleus, until at length there are two seg- 
ments, each with its contained nucleus — ^the result of the fission of the primary 
one. Leydig states that this division is not into two equal portions, but that 
a segment is cut off from one end or pole (XXXVII. 2 6), and that in the 
continued segmentation which ensues, this same unequal fission is again 
and again repeated. However this may be, the act of division goes on 
(XXXVII. 8) until at length the whole yelk is broken up into a mass of 
minute cells, and its opacity increased by the number of molecules they con- 
tain (XXXVII. 2 c, g\ Out of this mass, the tissues and o:|;gans of the em- 
bryo are developed, appearing in their characteristic forms without any, or 
otherwise very slight, transitional phases (XXXVII. 2 tZ ; XXXVIII. 9). 
It is characteristic also of Rotatoria, in common with all the Vermes, that 
the embryo is generated from the entire yelk, and not, as in Cnistacea and 
still higher animals, from an accessory body superposed upon the yelk, into 
which the yelk is gradually taken up. Dr. Carpenter remarks that tha mode 
of development is in all essential respects the same as that of the Xematoid 
Entozoa, each group of cells evolving some one principal organ. 

^e order of succession of the parts of the embryo in the egg is thus de- 
scribed by Ehrenberg in the instance of the Megalotrodia alho-flavicam : — 
“ A turbid central spot appears, which becomes the oesophageal bulb and 
teeth ; a blackish granular oval body is also seen posteriorly ; the eyes gra- 
dually become rfed, and a motion of the cilia of the head is visible ; after some 
hours the whole foetus, which is folded up, turns itself round, the shell bursts. 



446 


OKNEKAL HISTORY OP THE TNPUSORTA. 


and tho young animal creeps out.” In a specimen of Brojchionus Bakeri the 
first thing Mr. Brightwell detected was a motion like that of the muscular 
oesophagus of the parent. 

The best account wo have of tho subject is that given by Prof. Williamson 
of tho Melicerta ringem ; — “ The first trace,” he says, “ of future organiza- 
tion which presents itself, appears in the fonn of a few freely moving cilia 
.... at two points, one of which corresponds with the future head, the other 
near tho centre of tho ovum .... with the cavity of the stomach ; shortly 
after .... traces of the central parts of the dental apparatus present them- 
selves, this, again, being soon succeeded by the union of the entire mass of 
yolk-cells, and the formation from them of the various organs of tho animal. 
The cilia now play very freely, especially at the head. Tho creature twists itself 
about in its shoU ; two red spots appear near the head, which Ehrcnberg re- 
gards as organs of vision, and along with them a very dark-brown and some- 
what larger spot is developed in the integument near the lower stomach. 
The young animal now bursts its shell ; . . . . and although its external ap- 
pendages (XXXVII. 15), and especially the rotatory organs are imperfcctiy 
developed or unexpanded, yet tho whole of its internal organization, though 
but obscurely seen, is nevertheless that of the perfect animal, and not that of 
the larval state.” 

In the embryo animal, whilst within the egg (XXXVII. 2 k\ as well as 
for a short time after its escape (XXXVII. 3, 4 ft), Lcydig finds in most Eo- 
tatoria the collection of black or dark-brown particles close upon the cloaca 
(XXXVIII. 7, 8, 9), which has been described in the section on Secretion, 
as a supposed mass of urinary concretions. 

The period occupied in tlie development of the embryo differs in different 
species. Ehrenberg stated that in Hydatina senta, eleven hours after the 
deposition of a complete ovum, vibration of tho anterior cilia was visible, and 
in 24 hours the young being escaped from its shell. Mr. Brightwell, in his 
notice of Brachionus Bakeri, states that about 2 o’clock the animal was ob- 
served with one egg placed externally between the two posterior spines of 
the shell, and another small egg in the left side of tho animal, which increased 
mucli in size in the course of tho day ; at 9 in the evening a motion was per- 
ceived in the exterior egg like that of the muscular oesophagus of the parent ; 
and about this time the internal egg was protruded and placed by the side of 
the other, being longer than it. At 11 the young Brachwnus burst with a 
bound from the egg in which tho motion was perceived, and affixed itseK by 
its tail.” 

The egg-shell splits open, longitudinally or transversely, to give exit to the 
young animal. This seems brought about by tho active movements of the 
embryo itself, Which sometimes bursts (as Brightwell says) with a bound or 
spring from its prison. Where the eggs have been attached, the empty fissured 
shell continues still adherent for a time, until by the movements of the parent, 
or by some accident, it is detached. 

The variation among different Rotatoria in the stage of development in 
which the ovum is found when it quits the ovary, or when it is expelled from 
the body, has been already remarked ; but additional illustrations are desira- 
ble. In the greater number, the egg is laid just before or veiy soon after 
the process of segmentation of the yelk commences ; for example, in Meli^ 
certa, Lacintdaria, and Brachionus. In many genera the ovum continues in 
the oviduct, the ovisac, or the cloaca, or otherwise remains within the ovary 
itself until the embryo is complete and even free. Examples of this are found 
in Stephanoceros, Actinunis, in Rotifer, and in Notommatar Byrince, N. JSie~ 
hohlii, and in Aaplanchna, In Rotifer, Ehrenberg remarks that, in the ova- 
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riura, four or five ova sometimes so completely develope themselves, that the 
young creep out of their envelopes, in which they were coiled up in a spiral 
manner, extend themselves, and put their wheels into motion while within 
it ; and they sometimes occupy two-thirds of the bulk of the parent. So 
Mr . Gosse tells us that in Asplanclimt the ovum produces the living young 
in the ovisac, which, when matured, occupies the whole lower part of the 
parent.” The occurrence of embryos free within the saccular ovary of Ste- 
phanoceros (and still more, if as some have thought, they detected them loose 
in the general cavity of the body) forms another bond of affinity between this 
aberrant genus of llotatoria and the Bryozoa. Where the young in general 
quit the parent in a free, and so far perfect form as to be able to lead at 
once an independent existence, the animals may be said to be viviparous 
(producers of living young). This viviparousness (rfvipaiity) is still more 
pronounced in some Philodincea and in Alhertia, in which the formation of 
an actual egg-shell seems to be omitted, and the developed cmbi*yo to be at 
once liberated within the sac of the ovary, where it may be seen in active 
movement. 

The Embryo Metamorphosis. — It has already been remarked, generally, 
that the embiyo on emerging from the egg has all the cliiiractcrs of its class, 
and is comidete in its internal organization ; that any dissimilarity between 
the now-bom and the adult animal is due, not to the absence of parts or 
organs, but to their lesser growth and their imperfect expansion or evolution. 
In other words, the Botatoria undergo no positive metamorphosis ; they pass 
through no intermediate phases of existence, no larval form resembling that 
of any Protozoa, in advancing from the embryonic to the complete and per- 
fect condition. 

Loydig does not partake this opinion, but tliinks that a metamorphosis is 
exhibited in the course of development of most or all llotatoria, certainly not 
complete, but stiU sufficient to advance it as a phenomenon of the class. Ho 
specially adduces the instance of the embryo of Stephanoceros, as the most 
striking proof (XXXVII. 3, 4), and he adds that, if the representation by 
Ehrenbcrg of the young of Triarthra longiseta be correct, the fact of a meta- 
morphosis must be recognized also in that genus. Again, he notes the great 
difference between the newly-born and the adult animals in several genera, 
«. g. in Tnhicolaria and Melicerta, where the ciliary wreath is still very 
simple, and the absence of the tentacles (antennae) sufficiently notable 
(XXXVII. 15) to render the subsequent modifications an act of metamor- 
phosis. Moreover, the disappearance of the bunch of cilia in the young state 
at the end of the pseudopodium, and likewise that of the coloured eye-specks 
in many genera, when the adult condition is attained, are also indications of 
the same phenomenon. • * 

The advocacy of this opinion was especially incumbent upon Leydig, in 
order to furnish an additional argument in favour of the affinity of the Kota- 
toria with the Crustacea. But even were the evidences of metamorphosis 
among the B,otifera as complete as he represents, they would servo his pur- « 
pose, of demonstrating the affinity he advocates, but little, seeing Jhat the 
immature llotatoria have no real resemblance to the larval Crustaceans with' 
their three pairs of jointed feet. Cohn (Siebold’s Zeit^hr. 1855, p. 481) has 
discussed this question, and surmises that the peculiar embryo of Stephana- 
cero8, which Leydig cites as the strongest instance of an act of metamor- 
phosis, is a male being (XXXVII. 3). As to the other supposed instances, 
Cohn disproves its occurrence in Brachionus, and considers the disappearance 
of the eye-speck*in Ttibicolaria and Melicerta too trivial a circumstance to 
urge in its support. 
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Perty seems struck by the considerable variations in form between many 
embryo and adult Rotatoria^ and enunciates the opinion that many supposed 
perfect forms are no other than embryonic conditions, — ^for example, GlenO’- 
pkora Trochiis, Monocerca valga, Notommata Felisy and Cycloglena elegans. 
We do not understand whether he believes in a metamorphosis, or if he 
would simply state that Ehrenberg unnecessarily multiplied genera and spe- 
cies by describing immature beings as distinct forms. If the latter be all 
that Perty intends, wo entirely concur with him. 

It is necessary to detail the form and structure of some embryo Rotifera, 
to illustrate the preceding statements. The embryo of Stephanoceros 
(XXXVII. 3, 4) is thus described by Leydig : — It has in general a vermi- 
cular figure. The head, which supports the eyes, is separated from the trunk 
by a well-marked constriction, and is furnished with long cilia. The head 
and cilia are retractile. The red specks (two in number) appear actually to 
be of the nature of eyes ; they have a sharp outline and are slightly concave 
in front, as if a refracting body was there seated. Within the abdominal 
cavity behind the head, a peculiar striation is observable, the purpose of 
which I cannot imagine ; further backward is a clear space in which long 
cilia are seen in activity, and which indicates the cavity of the alimentary 
canal. Moreover, the maxillary apparatus, and the special vesicle containing 
the inorganic particles (urinary concretions) are perceptible. The termina- 
tion of the body bears some delicate vibratile cifia.’’ Beyond this phase of 
development, the embryo does not advance in the egg, but after being hatched, 
it would seem to assume another intermediate form before arriving at the 
adult state. Leydig found, in water containing Stephanoceros y a young 
animal still possessing in some mcasui'o the previous vermiform figure and 
apparent articulation of the trunk and foot, and a proboscis-like head with 
four projecting arms. The eye-specks were still present. From the trunk- 
like process of the head, two considerable tubular appendages were out- 
stretched, ciliated at the extremities : the cilia on the end of the foot-process 
had disappeared, but were very evident in the abdomen, near to the sac con- 
taining the inorganic particles. The mandibular apparatus had the regular 
structure. He frequently encountered also another variety, which, together 
with the figure of the perfect animal, had five arms, but was without any 
apparent sexual organs, while the foot-process and the whole body were 
strewn with numerous fat-globules. 

We will now continue the description (see p. 446), by Prof. Williamson, of 
the embryo of Melicerta after escaping the egg-sheU. He writes — ‘‘llie 
young Melicerta stretches itself out, and, everting the anterior part of its 
body, unfolds several small projecting mammillae covered with large cUia, by 
means of whict it fioats freely away (XXXVII. 15, 16). These mammillae 
are in this stage not unlike those of Notommata clavulatay but they soon en- 
large and become developed into the fiabelliform wheel organs of the mature 
animals. The dental apparatus is now fully developed ; the alimentary canal, 
and muscular fasciculi are all present,— only the epithelial cells of the former 
have ngt as yet obtained their yellow granular contents ; consequently the 
viscera exhibit the same hyaline aspect as the rest of the organism. The two 
red speclm are imbedded in two of the mammiUas. After swimming about 
for some time like other free Rotifera, the animal undeigoes further changes. 
The dark-brown spot is the first to disappear ; and soon after, the two ]|^k 
ones cease to be visible. The animal attaches itself by the tail to some fixed 
support, and developcs from the skin of the posterior portion of its body a 
thin hyaline cylinder, the dilated extremity of which is att&ched to the sup- 
porting object. The fonnation of the' case is now begun ; the first-formed 
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Spheroidal or tentacular particles are lirranged in a ring round the middle of 
the body, and appear to have some internal connexion with the thin mem- 
branous cylinder. At first, new additions ai’e made to botli extremities of 
the enlarging ring ; but the jerking contractions of the animal at length force 
the caudal end of the cylinder down upon the leaf, to whicli it becomes se- 
curely cemented by the same viscous secretion as causes the little spheres to 
cohere. All the new additions are now mode to the free extremity, which, 
as Ehrenberg reniaihs, never extends beyond the level of the cloacal aper- 
ture of the tostretched animal. In the new-born being, therefore, the parts, 
as in the adult, are all present ; they only require to bo expanded by the 
ordinary process of growth.” 

Mr. Gosse’s account of a newly-hatched Melicerta implies a greater aber- 
ration of fomi than that narrated by Prof. Williamson. lie states that 
“ its form is trumpet- shaped like that of Slentor, with a WTcath of i‘ilia 
armmd the head, interrupted at two opposite points. The central portion of 
the head rises into a low cone.” After various movements and gyrations for 
an hour, the young animal settled itself, and the form of the adult became 
manifest : the four petals of the disk wore well made out, though the sinu- 

osities were yet shallow ; the antennae at first were only small square nipples, 
but soon shot out into the usual form ; the ciliated chin was distinct, as was 
also the whirling of the pellet-cup immediately beneath it.” 

We ai’c indebted to Mr. Huxley for an elaborate description of the young 
of Lacimilaria sockilia (XXXVII. 10, 11). ‘‘The youngest foetuses,” he 
writes, “ are about ^\,th of an inch in length. The head is abmptly trun- 
cated, and sojiarated by a constriction from the body ; a sudden narrowing 
separates the other extremity of the body from the peduncle, which is ex- 
ceedingly sliort and provided with a ciliated cavity, a sort of sucker, at its 
extremity. The head is nearly circular seen from above, and presents a central 
protuberance, in which the two eye-spots arc situated, llic margins of tliis 
protuberance are provided Avith long cilia; it Avill become the upper circlet 
of cilia in the adult. The margin of the head projects beyond this, and is 
fringed wdth a circlet of shorter cilia in the adult. The internal organs are 
perceived wdth difficulty; but the three divisions of the alimentary canal, 
which is as yet straight and terminates in a transparent cloaca, may be 
readily made out. The water- vascular canals cannot be seen ; but their ])re- 
scnce is indicated by the movement of their contained cilia here and there. 

“ In young Lacinularim T^th of an inch in length, the head has become 
triangular ; the peduncle is much elongated, and it gradually takes on the 
perfect form. The young had preriously crept about in the gelatinous in- 
vestment of the parents; they now begin to “ swarm,” uniting together by 
their caudal extremities, and are readily pressed out as united, free, swim- 
ming colonies, resembling in this state the genus ConorMl^s/^ 

Mr. Brightwell gives the appended brief account of the Brachionm Bnheri 
on its escape from the egg : — “At first it had the appearance of an oblong 
ball ; by degrees the anterior part spread, and the wheel jirocossos were de- 
veloped. Soon after, the posterior shell (lorica) processes were visible in a 
semilunar shape, with the points nearly touching each other, which gradually 
expanded.” 

These examples are sufficient to illustrate the general character of embryo 
Rotatoria and their progressive assumption of the adult form ; they more- 
over furnish evidence of the doctrine that thoii* is no metamorphosis, or 
transfonnation, in the proper sense of the w’ord- no i hangv but what is expli- 
cable by the ordinaiy laws of groAvth, or progressiAe C'xpansion or evolution. 
Ehreuberg bus announced it as a fact (Honalsb. JkrI. Ahtfl. 185:1, p. 532), 
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that Rotifera found at great altitudes among snow do not attain a complete 
development, but retain, as he expresses it, an ovate contracted figure >\dthin 
an ogg-like envelope or capsule, through which food reaches them by a 
funnel-shaped canal. All the functions of life he represents to go on as 
usual under these peculiar conditions of existence, including the deposition and 
hatching of eggs. This account reads like a description of an encysting- 
process in the first degree— that, viz., for self-defence and preservation*— 
such as is illustrated in the formation of an open sheath around Stentor, as 
stated by Cohn (see p. 284). 

Contents and Development of Winter Ova. — Tlic contents of ‘‘ winter ’’ 
widely differ from those of “summer” ova. Mr. (Josse gives the follo^^ang 
account of those of Melicerta r ingens. He ^^'rites — “ Opening one or two 
cases (urceoli), I find one and another very curious egg-liko bodies, not sym- 
metrical in shape, being much more gibbous on one side than the opposite, 
and measuring y^th by -g-^o^h of an inch. Each was encircled by five or 
six raised ribs running parallel to each other longitudinally, somewhat like 
the varices of a wentle-trap : viewed perpendicularly to the ribs, the form 
is symmetrical — a long narrow oval. The whole surface between the ribs 
appeared punctured or granulate, and the colour was a dull-brownish yellow. 
Under pressure it was ruptured, and discharged an infinity of atoms, of an 
excessive minuteness, but eveiy one of which for a few seconds displayed 
spontaneous motion. Their whole appearance, and the manner in which 
they presently turned to motionless disks, were exactly the same as the 
spermatozoa which the male eggs of other Rotifera contain, except that 
these were so minute.” 

Mr. Dalrymple describes similar peculiar ova in Notommata {Asplamlina) 
to consist of an aggregation of cells and of j^igment-granulcs, without a dis- 
tinguishable germinal vesicle. 

The most complete and satisfactory account of the structure and develop- 
ment of the winter ova is sujiplied by Prof. Huxley in his History of Laci^ 
nulciHa (T. M. S. 1852, vol. i.) ; we will, however, preface it by Leydig’s 
description. Wo learn from this writer that in winter ova, a space filled 
with fluid usually intervenes between the yelk at each pole or end of the 
egg, and the inner shell, as in TuhicolaHa, and that, according to Weisse’s 
observation of Brachionus urceolaris, the outer shell, when the embryo is 
ready to come forth, springs open in a valvular or a lid-like manner. The 
central portion of the yelk has a darker and more granular appearance, and 
is surrounded by a clearer peripheral or cortical lamina, as in Brachionus 
Bakeriy Notommata Myrmeleoy and N. cent^'ura. Intermingled with the yelk- 
molecules arc numerous clear vesicles, and oftentimes fat-particles ; moreover, 
the yelk of Notommata Bieholdii has a yellowish- red colour (XXXVII. 27, 28). 
These “ lasting ov|i,” as Ehrcnbcrg has otherwise named them, are always 
developed externally to the animal. Like the summer eggs, they are fre- 
quently carried about by the parent ; it would not seem, however, that they 
ever accumulate in groups about the cloaca, but that mostly the egg is 
solijaiy, and that two or three are of rare occurrence. Thus in Brachionus 
Baheri and in Ascomorjpha never more than one is present, in Brachionus 
ruhens a couple are occasionally noticed, and in Notommata Sieboldii the 
highest number seen was three. 

Conceming the changes ensuing on development, Leydig states that, “ on 
the fomation of a membrane around the commencing ovum in the ovary, 
the peripheral portion of the yelk exhibits numerous clear spots, which recall 
the appearance of the small cells originating from repeated fission of the 
yolk of the summer ova. From this we may conclude, either that the germi- 
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nal vesicle may, by repeated fission^ resolve itself into numerous clear vesicles, 
without any further change, except that of an attendant gi’ouping of the yelk- 
particles about the products from the germinal vesicle, or that perhaps the 
winter eggs, at their origin in the ovary, enclose a number of nuclei (germinal 
vesicles) unlike other ova, which never commence with more than one nucleus 
(germinal vesicle). If,*’ continues Leydig, I rightly understand Huxley, 
this is the manner of development of the winter eggs of Lacinulurkt socialis ; 
and the bisection into two equal halves, which I formerly referred to fission, 
has, according to this writer, no relation to it.” 

Respecting this description. Prof. Huxley remarks that ho thinks Leydig 
has not observed the genesis of the ephippial ova with sufficient care, and 
he thence interj>rcts tlieir stnicturc by supposing that they arc ordinarily 
fecundated ova, which have undergone a peculiar method of cleavage and 
having quoted the opinion of other naturalists, ho goes on to say — it will be 
observed that till these authors consider the winter or ephippial ova and the 
ordinary ova to be essentially identical, only that the former have an outer 
case. The truth *is, that they arc essentially different structures. The true 
ova are single cells which have undergone a special development ; the ephip- 
pial ova are aggregations of cells (in fact, larger or smaller portions — some- 
times the whole of the ovary) which become enveloped in a shell and simulate 
true ova. 

“ In a fully-grown Ladmdaria which has produced ova, the ovary or a 
largo portion of it begins to assume a blackish tint (XXXVIT. 22) : the cells, 
with their nuclei, undergo no change ; but a deposit of strongly-refracting 
elementary granules takes place in the pale connecting substance. Every 
transition may be traced, from deop-black portions to unaltered spots of the 
ovarium ; and pressure always renders the cells, Avith their nuclei, visible 
among the granules. The investing membrane of the ovary becomes sepa- 
rated from the dark mass, so as to leave a space (XXXVII. 24) ; and the 
outer surface of the mass invests itself with a thick reddish membrane, which 
is tough, elastic, and reticulated from the presence of many minute apertures. 
This membrane is soluble in both hot nitric acid and caustic potassa. 

The nuclei and cells, or rather the clear spaces indicating them, are still 
visible upon pressure, and may be readily seen by bursting the outer coat. 

By degrees the ephippial ovum becomes lighter, until at last its colour is 
reddish-brown, like that of the ordinary ova ; but its contents are now seen to 
be divided into two masses, hemispherical from mutual contact (XXXVII. 
21). If this body bo now crushed, it will be found that an inner, structure- 
less membrane exists within the fenestrated membrane, and sends a partition 
inwards, at the line of demarcation of the two masses. The, contents are 
precisely the same as before, viz. nuclei and elementary granules. This, 
indeed, may be seen through the shell without crushing the case. 

“ I was unable to trace the development of these ephippial ova any further. 
Those of Notommata, it appears, lasted for some months without change (Dal- 
rymple). 

It is remarkable that in Lacinularia these bodies eventually, like the 
ophippium of Daffhnia, contain two ovum-like masses ; and there can, I think, 
be little doubt that the former, like the latter, are subservient to reproduction. 

There arc two kinds of reproductive bodies in Lacinularia : — 1. Bodies 
which resemble true ova in their origin and subsequent development, and 
which possess only a single vitcUary membrane. 2. Bodies half as large again 
as the foregoing, which resemble the ophippium of DapJinia, like it having 
altogether three investments, and which do not resemble true ova, either in 
their origin or subsequent development ; which, therefore, probably do not 



452 


GENERAL HTSTORY OF THE INFUSORIA. 


require fecundation, and arc thence to bo considered as a mode of asexual 
reijroduction.” 

The multicellular character of the contents of these ‘ ephippial ’ ova, Cohn 
is unable to confirm. In his very valuable essay on the “ l)cvcloi>mcnt of 
Rotatoria ” (Zdtsclir, 1855), tliis able observer has promulgated the hy])()thesis 
of tlie occurrence of the idienomcnon of “ alternation of generations,’^ of j)ar- 
thenogenesis or virgin- development. A resmmi of the I’easons for this ^'ie^v 
may stand tlius : — Female Uotifera lay eggs of only one sex ; and winter eggs 
are produc('d only by certain females and at certain periods — conteniporane- 
ously, that is, with the generation of males : again, the males arc too fcAv to 
impregnate tlie whole of the apparent female beings, which are so largely 
found, and always replete with ova in course of development, at all seasons, 
'riie conclusion, therefore, forces itself upon ns that the common “ summer " 
ova are produced within the parent animal without any antecedimt genera- 
tive act or imjyregnation ; that is, in other words, they are asexual i)roducts or 
germs. If this be true, it folhnvs that the btdngs producing them are not 
true females, but merely asexual nurses (Ammcn), furnished with a germinal 
mass, but destitute of a real ovary, and not demanding thi? action of the male 
for the development of its germinal elements. On the other hand, the 
“ winter” must be considered the true ova, and the beings ]>rodueing them 
the only time females, furnished with an ovaiy, to which the energy of 
the spermatozoa of the male is necessary. But, notwithstanding these l)hy- 
siological diftcrences, the mere nurses and the actual female liotifcu-a are in- 
distinguisluiblo in stimcture. In illustration of this liypothesis, its analogy 
with what o('(*ura in Aphis, Daphnia, and Artemia, may be (|Uotefl. 

Of the rate of development of these winter eggs, we know little. Huxley’s 
account would render it a final act, involving the sacrifice of a large, or even 
of the largest, part of the ovary, and consequently one which we cannot sup- 
pose capable of frocpient repetition. Leydig has, indeed, an observation which, 
if accurate, prov(\s a raiiid reproduction of such ova by the ovary. He 
informs ns he obseiwcid an isolated individual of Notommnta Myrmeleo lay 
the solitary bristle-shelled winter ovum which its oviduct contained about 
12 o’clock in the day ; and on renewing liis researches at 3 in the aftenmoon, 
discovered anotlier such egg completely formed in the ovaiy. 

Tliis author recounts also, in his history of Notommata Sieholdn, the following 
particulars, which, if confirmed, would prove the formation, whether of winter 
or of summer ova, to be determinable by accidental external circumstances ; 
— “ When I keiit the Notommata for some days in clear water containing no 
nutriment, the ovary shrivelled, the granular mass (yelk) altogether vanished, 
the germinal ^vesicles became simple bodies, and all such individuals produced 
only winter eggs.” 

^J’hnt the Rotatoria, on the approach of winter, are likely to bo placed under 
conditions in which food is scarce, and which are unfavourable to vigorous 
life, is at once admissible, and, if Leydig’s observation bo correct, furnishes 
an explanation of the generally apparent limitation of the production of 
\^inter ova to that season. Be this as it may, the winter ova must be re- 
garded as indicating the conservative tendency of nature in providing for the 
continuance of the species by organisms so constructed as to endure the 
severity of the winter season, and to retain a dormant vitality through it, 
until the genial influence of spring awakens them into activity and life. 

Fecundity op Rotatoria. — Although the Rotatoria are not endowed with 
the various faculties of reproduction possessed by the Protozoa, yet their vast 
incraase by eggs only is astonishing. Ehrenberg wrottf that he insulated 
a singlo specimen of Hydatina senta, and* kept it in a separate vessel for 
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eighteen days, that during tliis interval it laid four eggs per day, and tluit 
the young of these, at two days old, lay a like number. From these data ho 
made an erroneous caleulatioii, that one million imlividiuils may be obtained 
from one specimen in ten days, tliat on the eleventh day tliis brood would 
amount to four millions, and on the twelfth day to sixteen millions. 

This is the 021 ly direct observation wc have met with intended to prove 
tlie remarkable fertility of tlie class, yot, throughout the histoiy of the 
llotifera now detailed, numerous incidental illustrations of the fact occur, — 
for example, the presence of several ova in different parts of the soxual 
apparatus, in vaiious stages of development, and the observed rapidity of tin? 
phases of development, at lecast of summer ova. 

The lattiT continue to be formed and deposited throughout the whole of 
the waiTu part of the year ; and when this draws to its close, the pi’oduction 
of the winter ova provides for the continuous iirojiagation of the species. 

Ehrenberg, in his specific descriptions, notes the number of ova ho met 
with at the time of obseiwation, intimating that some animals bring forwaixi 
but one egg at a time, othoi-s two or scvenil. 

ThcTC is, vciy probably, a differenox? in the productiveness of various species ; 
but diffcreiKJCS in this respect will also occur from accidental and extci’ilal 
cirimmstances, such as abundance of food, and changes of temperature. 

MALM ROTATORIA AND MADE REPRODUCTIVE ORGANS. UUESTION OF MALE 
AND F1-3MALE ORGANS IN THE SAME INDIVJDUALS. 

Male Eotaloria, — Few male Rotatoria have as yet been detennined. Those 
decisively made out are those of Asplurwhna BnyhtweUii {Notommata anylica, 
Dalrymple), Ai^idtiiiclinapriodonta and^. Bowes! i (Gosse), and tho Nototmnata 
Sieholdil (Lcydig). This able German observer argues also that Enferopfea 
Hydatlna is the male of Uydatlua senta, Notornmata yranularis that of N, 
BrachionuSf and Diylma yramdaris that of Diylena mtellhia, Since tliis wjis 
written, Cohn has ])ursiied the impiiiy, and confirmed Leydig’s conjecture, 
that Eniteroplia Jlydatlna (Ehr.) is the male of Ilydathm senta, lie has 
moreover discovered the males of two other species, viz. of Brachionus nm'O- 
laris and Br. militaris, StiU more recently, Ijeydig has been able to confirm 
his belief of Enteroplca Hydatina being the male of llydathia senta {Midler's 
Archiv, 1S57, p. 404) ; and Cohn lias discovered the males of Euchlanis dihitata 
and Notornmata Parasitm {Zeitschr. 1858, p. 284). Meanwhile Mr. Gosse 
had discovered the male animals and their eggs in the undermentioned genera 
and species: — Bracluonns l\da, B. ruhens, B. ampdiiceroSy R. Baker!, B. nnyn^ 
lari's, B. Dorcas, B. M'ulleri, Sacculiis v!r!d!s, Polyarthra platyptera,Byneha'ta 
trenuda (?), and in all probability MeUcertu rinyens, besides tlio three .species 
of Asplauilum previously dctemiiiicd {Phil. Trans. 1850). 

The first male discovered was that of Asplanchna BnyhiwellH, tlien sup- 
posed to ho a species of NotommaUi, and is thus desciibed by lilr. Ih-ightwtdl 
{A. N. If. 1848, ii. p. 155): — It is ‘‘ about half the size of tlie female, and 
differs from it in form, being much sliortoi’ and of a nide tiiangnlar shape. 
It is more difficult to detect than the female, being exceedingly transjihrcmt, 
and, from the emptiness of the body, appearing little more than a ti*ansparent 
ciliated bubble. It is very active, and occasionally puffs imt tho sides of its 
body, so as entirely to alter its form, and remains thus distended some time.’* 
There was no indication of any digestive apparatus, oi’ of matters in course 
of digestion. 

“ At the bottom ^of the body, on one side, is a couspicnons round sperm- 
vessel or testis, in which, under a high power, s])ermntozon in netivo vihra- 
tile motion may he seen, and at its external sijh' a dnet. closivl by distinct 
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lateral muscles. Connected with the testis is a well-defined intromittent 
organ, and a conspicuous passage or opening for its extension from the body 
of the animal. In the opposite lower angle are three small, irregularly- 
formed, kidney- shaped bodies, connected with an angular lobe or muscle 
lying beneath them. The male is also furnished with the delicate mem- 
branous plicated bag, and rudiments of the curled tubular structure, found 
in the female.” 

Besides determining the dioecious character of this Rotifer, Mr. Brightwell 
was also enabled to repeatedly verify the occurrence of an actual coitus occur- 
ring between the sexes, and enduring the greater part of a minute. 

The male of the allied species Asplanchna pnodonta was described by Mr. 
Gosse. As the description supplies additional particulars concerning the 
organization, wo extract it entire. 

Having isolated an adult female, in which the developing young seemed 
different from the ordinary embryos, ho at length had the satisfaction of 
seeing two males bom. ‘‘ Another was produced the same evening from 
another parent, likewise under my eye.” 

The length of these specimens (XXXVI. 7, 8) (male) was Ynjth of an 
inch (that of the females was -^^th to ^^^nd of an inch). They had a general 
agreement in outline with the female. But the outlet corresponding to the 
vagina was at the very bottom of the ventral side (XXXVI. 7, 8 h), which 
ran down to a point, while the dorsal side was rounded off. At the base of 
this tube was a globular sperm-sac, with a short thick penis in front, the 
whole nearly surrounded by a delicate glandular mass. The place of the 
stomach was occupied by a long sac, having a slender neck originating from the 
fore part of the head mass, and at the bottom broadly attached to the spemi-bag. 
This whole organ was filled with minute granular matter, except three or four 
clear globular bladders ; the sperm-bag showed a stmeture very similar. 

“ The principal muscles agreed mth those of the femtile. The tortuous 
threads, and their plexuses, were represented by two thickened glandular 
bodies, extending from the head mass to the foliaccous substance surrounding 
the sperm bag. . . .The three eyes were x^rt’sent, situated as in the female, 
but no trace of jaws was discernible, oven on pressure, nor any crop, nor 
true stomach. These animals were very active, swimming rapidly about, and 
scarcely still an instant. On one or two occasions, I observed one of the 
males with a slender process protruded to a considerable length from the 
sexual orifice, and adhering to the glass by its tip, moving round on it as on 
a pivot.” 

Lcydig admits the bisexual or dioRcioiis nature of the Rotatoria as a general 
fact ; and although, he says, his studies have been diverted from special re- 
seai'chcs on this matter, yet, from the descriptions and representations of 
othei*s, he believes he can detect several male fonns ari’anged in the class as 
distinct species. 

Of the male of a new species, which he calls Notommata Skholdn, but 
which is equally a member of the genus Asplamdi’im with “ the supposed new 
Notonfmata ” of Brightwell, he has given an elaborate description and draw- 
ings. He remarks that in all details of organization it agrees with Mr. 
Dalrymple’s account, but, unlike the English si^ecics, differs considerably in 
figure from the female, especially by the presence of four pointed arms 
(XXXVII. 29). Ho remarks that “ the so-called ” sperm-hag of Dalrymple 
is the testicle, and w'hat that author terms the penis ” is its duet. The 
figures he gives of the seminal corpuscles are not altogether distinct, although 
the resemblance between them and those of Notommata Sieboldn are unmis- 
takeable. However, 1 mu.^it point out an error into which Dalrymxde has 
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fallen, in describing the linear seminal corpuscles that lie parallel to one 
another about the outlet of the seminal vesicle to bo bundles of muscular 
fibres attached to the base of the penis, and acting as ‘‘ ejaculatores seminis.'' 

The Enteroplea Hydathia (Ehr.) is, in Leydig’s opinion, the male of Hydatina 
senta : the reasons for this belief biicfly are, that, according to Ehrenberg’s de- 
scription and figures, the Enteroplea has neither* jaws nor teeth ; that its 
ovary is homogeneous and granular ; that the animal is always smaller than 
Hydatina senta; and that among the eggs of this last-named species, those 
developing into embryo Enteroplea were intermixed. Now each and all these 
differential, and some of them very exceptional characters, are at once inter- 
preted by assuming Enteroplea to be a male animal. Indeed, in no female 
perfect Hotifer are the jaws wanting, and even in very young specimens the 
ovary is not homogeneous, but contains many germinal vesicles or spaces. A 
reference to Dujardin’s description and engravings adds additional weight to 
this opinion. This supposition has been confirmed, both by Ley dig himself 
Muller* s Arcliiv, 1857, p. 404, and A. N. II, 1857), and by Cohn (ZeltscJir. 
1855, p. 451), and we would refer the reader to their memoirs for an ex- 
tended description of this male being, liy these researches, the testicle and 
its contained spermatozoa, together >vith a male projectile organ, the absence 
of a digestive apparatus, and other sexual peculiarities, have been satisfactorily 
made out. 

In the case of Notomniata yranularis, the arguments for its male character 
are, the absence of the maxillae, and probably of the ovary also — for neither 
Ehrenbergnor Weisse could satisfactorily make out the existence of the latter, 
— and, further, the presence, as the Ifcrlin Professor points out, of two sorts of 
eggs \i]^onNotommataBrachioiins,i}ic smaller of which bring forth individuals 
of the supposed different species, Notommnta yranularis. 

The evidence for the male nahire of Diylena yranularis (Weisso) is its 
constant occurrence in company with H, Oatellina, and the production of 
two sorts of eggs by the latter, the smaller of which give birth to embryos 
wanting the dental apparatus. Such impeifecit beings as the Diylena yranu- 
laris and the Notommata yranidarisworo explained by Weisse to bo immature 
or premature embryos. “ It is truly interesting,’’ says Leydig, “ that Weisso, 
at the time he wrote perfectly ignorant of male Eotiiera, should arrive at the 
(!Onclusion that Notommata yramduris, Diylena yranularis, and Enteroplea 
Hydatina were not distinct species, but the incomplete and toothless young 
of the several species, Notommata. Brachioniis, Diylemi Catellina, and Hydatina 
senta,** It is added in a note — Under the name Notommata yranularis may 
Avell be associated together the veiy similar males as well of Notommata Bra- 
diionus, as also of B, urceolaris and B, Pala** A few notes, in illustration 
may be added from Cohn’s account of the male of Brachionus urceolaris 
{Zeitschr, 1855, p. 471). This is much smaller and more active than the 
females. Its rotary apparatus forms a wide ciliated rim ; but its cilia are not 
turned inwards and downwards, as in tho females, to enter the mouth-, for no 
such orifice exists: hence there is no maxillary head, no intestine, and no 
gastric glands. In the place of those organs lies a large pyriform saccular 
testicle, as much as j inchin length, incompletely filled with fine 

dark corpuscles, which, when mature, acquire the characteristic figure and 
swarming movements of spermatozoa. The wall of the testicle is excessively 
thick, perhaps muscular, and is extended upwards into a thick cylinfbical band, 
which appears to serve as a medium of attachment to fix the gland above to 
the region of the cephalic disk. At its posterior end, the testis presents a close 
longitudinal striation, and is perforated by an aperture which opens into a 
wide canal ending in the penis. This last-named organ has the aspect of a 
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short tube, which, as a rule, lies free upon the foot, and extends nearly to its 
extrcinity. Its inner canal, and its external border, exhibit vibratile action. 
The foot is ti-ansversely wrinkled, and ends in two small toes. About the 
origin of the penis from the testicle are two club-shaped glands which pour 
their socrciioii into the canal ; and nciu' them is the contractile vesicle, giving 
off its respiratory canal on each side, wdth the usual tag-like appendages. 
Several spherical cell-looking bodies occur about the head, with the largest 
of which the cyc-spec'ks are in connexion, and wliich may therefore be con- 
sidered the cerebral ganglion. Upon the testis, near its lower end, two or 
three vesicles are jdaced, filled with dark granules, resembling those seen in 
Enteroplea IL/datina, and of which we cannot predicate further than that 
they arc not of the nature of urinary concretions (as Leydig imagined), but 
in some way belong to the sexual apparatus, or else arc unconsumed cells 
of the yelk-mass. 

The tubular or band-like prolongation from the upper extremity of the 
testicle, noticed by Cohn, and considered by him a “ suspensor testis,” repre- 
sents, in I.cydig*s opinion, rather the rudiment of the undeveloped alimentary 
tube. This author likewise denies Cohn’s statement that the walls of the 
testis arc thick and muscular, asserting that they consist of a thin membrane. 

The spermatozoa^ i. e, the fecundating male particles, have been des(;ribcd 
by Mr. Daliymple, Gossc, and Ixydig. We borrow the description of the 
latter as the more recent: — The testicle (XXXVII. 29 c) of Notornmaia 
Sieboldiiis at once seen lobe more or less completely filled with spermatozoa, 
arranged about the excretory duct in a radiating manner; when not too much 
compressed, they move about within the testis. On isolating by slight ]>res- 
sui'o the contents of the organ, may be noticed, 1, large round vcsiqlcs, in 
which, by a stronger magnifying iiower, two, or probably more, hyaline niudei 
"with nucleoli, entirely occupying the space, may bo distinguished (XXXV II. 
30 e) ; 2, somewhat larger cell-formed elements, disposed in a radiating 
manner about a centre, and larger towards one side (XXXVII. 30 c) — at 
the rounded extremity a clear nucleus, with a nuclear coi*[)Usclo, is always 
placed ; 3, elongated, mostly falcate or curved structures, which have the 
before-mentioned nuclei in their interior, and on one margin arc expanded 
into an evidently imdiilating membrane (XXXVII. 30 a, b, d). They move 
about, and swim hither and thither, in such a manner that they remind one 
not a little of many Infusoria, having a clear sharply-definc^d contour and a 
rod- like figure, with a slight cnlargemont at the middle. It is these bodies 
which lie around the commencement of the excrctoiy duct, and give rise to 
the apparent striation above alluded to.” In Ilydatimi senta the spermatozoa 
arc likewise of^ two forms, and are noticed {sometimes to have a swarming 
movement even within the testis.* 

Leydig has been unable to satisfy himself whether the stave- or rod-like 
variety (XXXVII. 30/) is to be coiLsidorcd the ripest of the spermatozoa, 
and derived from one of the other forms, or w^hether there are two sorts of 
spermatozoa in Notornmaia Skholdii, as there are in Pahidina vivtjmra, one 
of tlip Mollusca. 

Perty states briefly and generally, of the spermatozoa of liotatoria, that they 
have a broad-oval refracting body, and a tail-like appendage. 

The spermatozoa have been seen within the abdominal cavity of not a few 
female llotifcra, freely moving about within it. For instance, it has been 
witnessed in Bruclilonus, Comchiliis, Lacimdaria, Megalotrocimy and 
tina. It is not known how they reach this cavity, since the cloaca* into 
which they are normally received is a closed sac. Cohn iihngines they may 
enter through some aperture in the integument as yet unnotictal ; it is, how- 
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ever, more conceivable that they may pass from the cloaca into the respiratory 
tubes, and' escape into the general cavity through the vibratilc tags- — supposing 
these lost to terminate by open mouths. On the other hand, it is just possi- 
ble that some supposed examples of the presence of spermatozoa within the 
abdominal cavity, have rather been instances of parasitic beings (Entozoa) in 
the interior. Thus, in Hydatina sentUy Lcydig dcsciibes the interior occupied 
by many numerous active animalcules, which ho refers to the genus AaUisut. 

Tlie minute male beings just considered arc brought into existence for tlie 
sole purpose of fertilizing the ova of the larger and highly-organized female 
animals. In relation to the females, they may bo looked upon as little other 
than parasites ; they are even deficient in organs necessary to carry on their 
own existence : the one purpose of impregnating the opposite sex being 
fulfilled, theii’ career is ended ; and this career is so brief, that the comidicated 
ap])aratus otherwise rc(iuircd to nourish and sustain the beings can be dis- 
pensed with. 

The early history of the male Rotifer is that of the female. The evolution 
of the ovum from the ovary, and the changes transpiring in the contemts of 
the egg until the several organa become distinguisliable, are identical in the 
two. The following particulars from Cohn’s paper {Zeitsclir, 1855, p. 471) 
will serve for illustration. The males of BracMonns urccolaris arc (icveloj)cd 
from smaller eggs than the females, and which are adherent in large number 
at the same time to the jiarent-animal. These eggs are very spherical, and 
reach Tj-J o th of an inch in length and -jy^th in diameter. Their shell is more 
delicate, the contents clearer and much more trans 2 )arcnt, from containing 
fewer granules, and of a pale- yellow hue, whilst the usual summer eggs arc 
dusky grey. Even when mature, this greater transparency and absence of colour 
persist. Fission proceeds in the same way as in tlie female ova ; and after 
it has been many times repeated, the different organs of the embryo begin to 
make their appearance, — the red eju-specks being among the first. However, 
unlike what happens in the female ova, no signs of the maxillary apparatus 
come into ricAV, but two or three dark heaps of granules which arc not seen 
in those. When mature, the embryo springs from the shell tlirough a trans- 
verse rupture, and is then seen to have a totally different figure from the? 
female beings, and at least three times smaller. When completely extended, 
it metisurcs only between ^ l^jth and Yi\:rth of an inch in length, and th 
to ^jiyth in width, and is observed at the first glance to bo destitute of the 
firm integument or shield of the female animals, and to have a short-cylin- 
drical figure, prolonged anteriorly in the form of a sliort head separated by 
a constriction from the body. The foot is short and tubular, the head crowned 
by a flattened disk expanded into a wide margin, which is clothed with long 
vibratilc cilia and a few non-vibratile bristle^j. Their movements arc extra- 
ordinarily energetic. 

The same female may lay in succession several male ova. Accoiding to 
Lcydig, both male and female ova are not generated at the same time. The 
small size and relatively incomplete organization of tJie male Rolifera is a 
circumstance not peculiar to the class; the like is seen in the imj^erfect 
** imago ” of many Insects, destined only to a sexual j^urposc, in the j)ara- 
site-likc males of Lemceay in the miniature and incomplete males of Dajdi- 
niadWy and in the equally inferior male representatives of PohjnoCy KroyonCy 
and of the Ncmatoda generally, among Vermes. Ix'ydig, moreover, finds an 
analogous fact in the Siphonophora, in which he assumes the so-called genital 
capsules, distributed everywhere in the aggregate mass of animals, to have a 
male character, aiid shows this opinion is in harmony with the views put 
forward by Leuckart respecting them. 
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Mr. Gosse’s conclusion {Phil. Ih'ans. 1857, p. 322) is, that “ a distinction 
of sex is the normal condition of the class, or at least of that group which is 
most typical, viz. such as have articulated mallei working upon a separate 
articulated incus. Whether the samo rule prevails so generally in those which 
have the mallei and incus fused together into quadrantic masses, and in those 
in which the organs exist in a rudimentary condition, is a question yet to be 
determined. As these are certainly the lowest forms of their class, it is pos- 
sible that hermaphroditism may be found in them — in the Philodiwidce, for 
instance.” 

The summary of the facts as yet ascertained, concerning male Rotatoria, 
will form a valuable addendum to our account : — 

‘‘ The most prominent thing that strikes us is the absolute and universal 
atrophy (so to speak) of the digestive system in male Rotifera. Another 
curious peculiarity is the dissimilarity that always exists between the sexes. 
In Asplunch'na and Hyclatma the resemblance is at its highest point ; in 
every other instance observed, the sexes are so unlike, that they would be 
taken for widcly-rcmotc genera. The male is always inferior in size, and 
also in organization, to the female. 

“ Whether certain individuals produce only male, and others only female 
young, or whether separate impregnations are required for the production of 
the separate sexes, I do not know ; but from all my observations I gather- 
that the development of the one sox never takes place coetaneously with that 
of the other ; for male and female eggs arc never seen attached to the same 
parent, and the immature e*ggs in the ovary invariably develope themselves 
into the same sox as those which are already extruded. 

‘‘ The duration of life in the male is always very brief. I have never been 
able to preserve one alive for twenty-four hours. Their one business is to 
impregnate the females, which is the work of a few minutes, probably, in a 
state of freedom ; and for this momentary occupation no supply of loss, by 
assimilation of food, is wanted ; and hence we can understand the lack of the 
nutritive organism. 

‘‘ Some organs arc found, with greater or less distinctness, in all. The 
(presumed) male of Hydatina senta received its names of Enteroplea and 
Oryan-Jisch from Ehrcnberg on account of the copiousness of its internal 
organization. A muscular system is well developed there, and in the males 
of Asplanchna and of BracJiionus Mulleri ; and, from the varied movements 
of all, its existence may be inferred where it is not detected. Tlie frontal 
ciHa arc, in almost all cfiscs, much more developed than in the females ; the 
result of which endo^yment is seen in the excessive rapidity with which the 
male shoots in all directions through the water. The grey,t head-mass of 
granular substance is generally distinct ; and in several cases (as in the As- 
•pl'anchnoi and in Brach wnns Dorcas and Hr. Miilleri) the great occipital gan- 
glion is well-defined, with the red eye seated on it as in the other sex. Even 
where the ganglion is not apparent, the eye is conspicuous, with the exception 
of Saccuhis and Polyarthra ; and in this last instance the small size of the 
animal' must be borne in mind, and the density of the anterior parts. 

“ In the (presumed) male of Hydatina, in those of all the Asplunchnce, and 
of Braehionifs Dorcas, there are organs answering to the lateral convoluted 
threads of the female ; and, in A^lanclma Brightwellii at least, these are 
accompanied by tremulous tags, and by a contractile bladder. 

“ A large mass of substance which, being perfectly opaque, appears black 
by transmitted light, but is white when the rays arc reflected, is so generally 
found in male Rotifera as to be characteristic, though it is not universally 
present. I do not find it in the Asidanrhncr, nor in Sacculns. On the other 
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hand, I have observed it in the young of Stephamceros^ Floscularia eonipla^ 
Tiata, and F. cornuta ; and Ehrenberg mentions it in F, omata and Ladnu- 
laria. In Stephanoceros, it was certainly associated with weU-dovelopcd 
jaws ; and hence I presume it is not exclusively an indication of the mahs 
sex. The mass is sometimes broken up into fragments, of irregular size and 
shape, and sometimes apparently pulverulent. In general, it appears to lie 
loosely in the midst of the granular amorphous matter that occupies the pos- 
terior region of the body-cavity ; but in Bracliionm Pala, and especially in 
Br, ampMceros^ I have fancied that I discerned traces of a vesicle, within 
which the white substance seems to bo contained. 

On the nature of this substance I have no light from personal research. 
Dr. Leydig, however, considers it to be a urinary concretion {Hamconcre- 
mente), analogous to the chalky fluid which is discharged by many insects 
immediately after their evolution from pup®. 

“ In the male of Asplnnchrut Brightwellii, there is, as its discoverer observes, 
* a conspicuous round sperm- vessel, or testis, in which .... spermatozoa in 
active vibratilc motion may be seen.’ Mr. Dalrymple, and subsequently 
myself, also saAV these, both within the sac and discharged by pressure. 
Each spermatozoon, according to my o\%ti observation, consists of an oblong 
body, y^lj^th of an inch long, and an abrupt, slender, vibratile tail of equal 
length. In the sperm-sac of A, BiehohUiy Dr. Leydig finds various seminal 
elements, viz. round cells ; pyriform cells, drawn out to a fine point, and ad- 
hering to each other by their rounded ends in a stellate manner ; oblong 
bodies, with one side dilated into a free, undulating, membranous border ; 
and slender, stiff, rod-like bodies, with a central swelling; all containing 
nucleated nuclei. On the male of A. priodonta, my observations were too 
limited to determine more than the existence of the globular sperm -sac. 

In BracMonus rubens and Br, MulleH I found spermatozoa, which I have 
above described. In the latter, the sperm-bag is of great size, and contains, 
besides the sj)ermatozoa of unusual development, slender spiculiform bodies, 
which may be the equivalents of the little rods described by Dr. Leydig in 
A»pl. Sieholdii. The sperm-bag (in Br, Mulleri) is closed posteriorly, as it 
is also in Asp, Brtglitwellii, by what appears to be a true sphincter ; and 
such I conjecture to be the explanation of those diverging lines which 
M. Dujardin saw in Enteroplm (so-called), which he considered to be pedi- 
cles of his ^ tonffes de granules,^ ^vhilo the * touffes ’ themselves I take to 
have been the masses of urinary concrement. Dr. Leydig, however, con- 
siders the whole to have been masses of spermatozoids. 

“ The outlet of the sperm-bag is, in all cases, by a thick protrusilc and 
retractile penis. Wherever a foot exists, tliis intromittent organ is continu- 
ously united to its dorsal side, and is often so greatly developed that the foot 
itself appears as an appendage. The protrusion of the organ, at least in most 
of the examples that I have noticed, is by the eversion of the integuments. 
When these are evolved to the utmost, the organ is seen to bo a thick 
column, conical or nearly cylindrical, with the extremity truncate, and sur- 
rounded by a wreath of vibratilo cilia. It was doiibtkiss the extremity of 
the penis that M. Dujardin saw os ‘ tin organs cilie entre les 7nuscle.s de la 
queue, ^ in the (so-called) Entcropha, The male of Sacculus viridis, a species 
which is footless in both the sexes, is the only example in which I have not 
seen the penis ; but the organ is probably wholly retractile within the body, 
and my observations, on the only individual of this sex that I saw, were in- 
sufficient to determine anything concerning it.^’ 

That male Rotatoria have been recognized in comparatively few species, 
admits of several explanations. The smaller size and comparative rarity of 
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the males ; their dissimiliirit^^ of figure to that of the females, which, coupled 
with impc’irfecit examinations or misconception of their interior organization, 
would readily lead to their institution as new species or genera ; the influ- 
ence of the prevalent hjqiotliesis of a hermaphrodite nature, and the conse- 
quent exclusive search for male organs in the perfect female forms, in which, 
too, the uncertainty appertaining to the pmi)ose of several appreciable tissues 
or oj’gajis would tend still further to lead astray ; the short existence of the 
males, and even that brief life limited, it would seem, to a particular period 
of the year, the ' 3 arly spring, when such creatures are less sought after ; 
each and all these are circumstances which have caused the male Rotatoria 
to be overlooked, and continue to do so. However, the non -recognition of 
the male animals occurs not only in the case of the Rotatoria, but also of 
other classes of animals, even more highly organized and so largo as to bo 
capable of examination without the aid of the microscope. Among minuter 
organisms in which an uncertainty i)revails, may be mentioned the Dajpifi- 
nkuhje and other Eiitomostraca, among the majority of genera of which the 
males are still undetected, nevertheless the bisexual character of the class 
is admitted. 

The comparative raritj^ of male Rotatoria admits of an interpretation de- 
rived from analogy. It is a well-rccognizcd fact, that in several classes of 
Tnvcitebrata (for example, in IJuphnladce and, among Insccta, in the genus 
Ai>his) several generations succeed one another without the concurrence of 
a male animal in their production, — a phenomenon well named by Prof. 
Owen, Parthenogenesis or Virgin-generation. Now it clearly appears that 
one contact with a male Rotifer may suffice for the fertilization of all the 
germinal cells in any female ovary, and be follow'cd by their successive de- 
velopment. To use the language of Prof. Owen, the sjyermatic force once 
applied suffices for the impregnation of a multitude of ova, or, in fact, of the 
whole ovary ; and the fact (piotcd, of Aj)ludcs developed by the immediate 
action of the spermatic force being in thcii* turns capable of reproducing 
othei's by gemmation without a renewal of that force, warrants the su2)posi- 
tion that an analogous i)hcnomcnon may exist in the Rotatoria. This analogy 
is strengthened by Mr. Huxlcy^s interpretation of the nature and purpose of 
“ winter ” ova, which ho bcHcwes to be the instiTimciits of an aacxaal rci)ro- 
duction. A ]>orti()n of the ovary scorns to be modified and extruded, and sub- 
sequently to generate a coujde of cmbiy’os. On the other hand, in the Aphkhs 
an internal germinal mass remains within the body, and a 2)ortion of it ap- 
pears to be abstracted by each successive individual produced, until at hmgth 
the spermatic force is exhausted. This internal germinal or rei)roductivc body, 
the instrument, of an asexued generation in the Aphides, is then surely homo- 
logous with the extruded cxternaPgencrative bodies, or “ephippial ova,’^ of Ro- 
tatoria. Such an asexual reinoduction implies a fewness of male beings com- 
pared with the multitude of }*oung which must be developed by the generative 
processes. Again, the male Rotatoria are not only dcvelo2)ed in smaller numbers 
than the female, but their whole term of existence is very brief, only long 
cnough-to fulfil their generative 2niri)ose ; and, lastly, they arc to be found 
only at particular seasons, mostly in the spring. 

Another obvious reason for the scarcity of male Rotifera suggests itself, 
viz. that the social institutions of the class may not be on the monogamous 
model, but that one little active male may divide his favours among a wliolc 
harem of female's before he completes his brief career. However this may 
bo, to discover the male of any one species, continuous observation is needed, 
particularly at certain times of the year ; and it must be confess('d that but 
few Uotatoria have hilhcito had their histoj y fully in\'estigated. In most 
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cases, the examination of a species has been casually undertaken ; the attiintiou 
has been directed to it only by some accidental circumstances, and this only on 
some one occasion. Wc cannot, therefore, wonder that the rarely-occurring males 
have not often been encountered. But the most satisfactory means of deter- 
mining the existence and characters of the males of any species of Itotatoiia 
have latterly been furnished by the careful descriptions of the special cha- 
racteristics of male ova, Avhereby they can be distinguished oven before leaving 
the oviduct, and their developmental history traced forwards until their ma- 
turity. 

AVo may mention that Mr. IlaUett, formerly demonstrator of anatomy in 
the University of Edinburgh, and subsequently a student in anatomy at the 
College of Surgeons, London, directed his sj)oeial attention for many yeai's to 
the Rotatoria, and especially to the detection of the male individuals ; and 
although his early death has deprived naturalists of the published results of 
his researches, yet, from repeated verbal commiuiication, wo can state that 
he had arrived at the discovery of the male beings of the majority of the 
Rotatoria. 

Dovhtful Male Organs . — Many naturalists are unprepared to admit bi- 
s(\vuality to be the universal rule in Rotatoria ; and sevcrfil eminent obsei^'ers 
are disposed to consider certain organs in female animals to be of a male 
sc^xual character. 

Prof. Williamson, in his liistory of Melicevtay says — I have sought iti 
vain for any organ to Avliich the functions of a spermatic gland can be indis- 
putably assigned. Immediately beneath the lower stomach and the conti- 
guous oviduct, there is an elongated p 3 T*amidal organ, ai)parcntly hollow, the 
thick extix^mity of which is dircct(‘d towards the ovary, and its opposite at- 
tenuated portion passes uj^wards towarfls the cloaca, between the oviduct and 
tlie general integument. Into the thick inferior extremity of this oi’gan, 
there are inserted, exactly opposite to each other, two long- cylindrical ap- 
pendages, which diverge, and, passing on eacli side of the alimentary cainil, 
pro(*eed towards the upper part of the body, where their extremities are not 
easily traced. In but one instance 1 obsci*ved them to terminate in a series 
of irregular convolutions near the base of the two tentacles. Though not yet 
capable of demonstration, it appeal's probable that this curious appendiige 
may be a filamentous spermatic tube resembling those found in many Arti- 
culata. That th(^y are tubes, and not muscular bands, appears unquestionable ; 
and as they have obviously a direct connexion ^vith the cloaca, they might 
easily discdiarge a fertilizing secretion into that common excretory canal, from 
which it would find its way to the ovaiy through the oviduct ” (p. 432). 

Nowit is to bo remarked that Mr. Williamson states ho could discover 
** no special organs of circulation or respiration, no vessels or pulstitiug 
organs,” and that the two tubes ho has refen’od to as being possibly s])er- 
matic ducts are the homologues of similar ones in other Rotifera, to which 
Ehrenberg has assigned fertilizing functions. Further on ho observes — 
“ The singular bodies resembling spermatozoa exist in various parts of the 
organism, where they are apparentlj'' enclosed within hollow canals. I liave 
never seen them occupying the two main trunks of the ‘ water- vascular 
system ’ or cocca ; nor can I succeed in tracing any connexion between them. 
In several cases I have seen one or two of these curious bodies opposite tlui 
centre of the upper stomach, very near to, but independent of, the main csccal 
canal, and at some distance below' the point where the latter probably sub- 
divides into branches. Near the neck there are usually from tw^o to three 
pairs. Tlicir vibtatilc motion ct^ases the moment the animal is killed by 
pressure. This fact does not countenance the idea that they are spermatozoa.” 
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From the above remarks and statements, it seems to us quite clear that 
the pyramidal sac opening into the cloaca, and its upwardly-prolonged canals, 
referred to, are nothing more than the ‘‘ water- vascular system ” of the Me- 
licerta, and that more or fewer of the observed vibratile bodies are, in fact, 
the ciliated tremulous tags. Had the pyramidal sac represented a testicle, 
spermatozoa ought to have been seen witliin it ; for these particles are readily 
cognizable by their size, figure, and movements. 

Prof. Huxley having faUed to find a male among some scores of female 
Ladnularice, or a single ordinary spermatozoon, is ^sposed to recognize the 
male sexual element in some singular bodies met with in many individuals he 
examined. These bodies ‘‘ answered precisely to Kdlliker’s description of 
the spermatozoa ” of Megalotrocha, They had a pyramidal head about -nj^th 
of an inch in diameter, by which they were attached to the parictes of the 
body, and an appendage four times as long, which underwent the most ex- 
traordinary contortions, — resembling, however, a vibrating membrane much 
more than the tail of a spermatozoon, as the undulating motion appeared to 
take place on only one side of the appendage, which was zigzagged, while the 
other remained smooth. “According to KbUiker, again, these bodies are 
found only in those animals which possess ova undergoing the process of 
yelk-division, while I found them as frequently in those young forms which 
had not yet developed ova, but only possessed an ovary. 

“ Are these bodies spermatozoa ? Against this view we have tho unques- 
tionable separation of tho sexes in Notommata, and the very great difterence 
between them and the spermatozoa of Notommata, Neither the mode of de- 
velopment, nor tho changes undergone by tho ovum, afford any certain test 
that it requires or has suffered fecundation, inasmuch as the i)roces8 closely 
resembles the original development of the Aphides, 

“ In tho view that Kdlliker’s bodies are true spermatozoa, it might be said, 
1. That the sexes are united in most Distomata, for instance, and separated 
in species closely allied (e. g. B. Okenii), 2. That the differences between 
these bodies and the spermatozoa of Notommata, is not greater than the dif- 
ference between those of Tritons and those of Rana, 3. That their develop- 
ment from nucleated cells within tho body of Megalotrocha (according to 
Kollikor) is strong evidence as to their having some function to perform ; 
and it is difficult to imagine what that can be if it be not that of spermatozoa. 
However^ it seems to mo impossible to come to any definite conclusion upon 
the subject at present.” 

In MeUcerta, Prof. Huxley notes having met with “ an oval sac lying below 
the ovary, and containing a number of strongly-refracting particles, closely 
resembling in size and form the heads of the spermatozoa of Lacimilariay 

These views' of Mr. Huxley arc of no value in deciding the question ; they 
rest on a supposed similarity between the bodies discovered and those which 
Kblliker believed to be spermatozoa in Megalairocha, — an opinion not incon- 
trovertible. On the other hand, their spermatozoid nature is discountenanced 
by their similarity (which, indeed, Huxley remarks) to undoubted sperma- 
tozoa of Rotifera. 

In a new species of MeUcerta discovered by Prof. Bailey in America, that 
accurate observer found that pressure between two plates of glass liberated 
vast numbers of spermatozoa ; but he was unable to ascertain from what 
organ in the anim^ they were set free. Tho observation, however, is im- 
portant as indicating the existence of true male organs in MeUcerta of a very 
different character from those suggested by various observers as having pos- 
sibly fecundating functions. 

Respecting thc.se questionable male elements, Leydig has the following 
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remarks, premising that the detection of spermatic particles in one species 
furnishes a criterion in pronouncing upon the signification of some other 
])odies : — “ I have heretofore mentioned my idea that the hairy corpuscles of 
Lacimdaria (occupying the general cavity of the body, and impelled hither 
and thither by its movements) are seminal particles : although this is still 
questionable, yet these i^resumed parasites of Lacinularm must, I believe, be 
still rather looked upon as unequivocal spermatozoids. The form and struc- 
ture, moreover, of the bodies figured by Huxley, and doubtfully called by 
him spermatozoa, have an evident affinity with the seminal elements of No- 
tommata Sieboldii. It also seems to me probable that the spermatozoids 
portrayed by Kdlliker in Megalotrocha are Kially such, and that the animals 
in which they are found should bo esteemed as previously impregnated 
females. I moreover consider that the illustrations furnished by Ehrenberg 
of Conochilm volvox, show an individual with two spermatozoa ; and the 
account referring to it, in which he says ‘ I lately saw oscillating, very pe- 
culiar, gill-like organs, in the form of two spiraUy-tmstcd bands, at the pos- 
terior extremity of the body,’ also speaks in favour of this signification. The 
entire delineation of these ‘ spiral gills ’ might replace very well that of the 
peculiar seminal elements with undulating membranes,” 

Afterwards, when speaking of the parasites of Rotatoria, Loydig obsen^es 
that liaving formerly erroneously described the seminal coiTiuscles of Lacinu- 
laria as pai’asites, he must now, on the other hand, class the once-presumed 
spermatic particles with parasitic organisms. 

In the course of subsequent researches on Ilydatlna aenta (MiiUer’s Archiv, 
1 857, p. 104), Leydig has discovered the same sort of structures in that ani- 
mal. lie writes — ** Tliey arc globular bodies with shai-p outlines ; and their 
margin looks as if clothed with hne hairs. Towards the end of March, the 
entire abdominal cavity was in many specimens so filled ^yith them that the 
animals presented a white aj)pearance by reflected light ; yet the animals so 
affected swarm about just as briskly as the others.” Tliis rcidetion with such 
particles apx^ears to us to intimate that they cannot be spermatozoa, either 
generated within the beings themselves or received from without from male 
animals. Indeed their occurrence within the abdomen of Uydathia senta 
is of itself an argument against their being spermatozoa derived from a male 
gland within, inasmuch as this species is proved to bo impregnated by its 
own male partner, formerly known as the Enteroplea Hydatina, The ques- 
tion presents itself, whether they can be derivable from the food, as products 
of digestion or chyle-globules. 

The search for male Rotatoria has led the occasional connexion of tAvo in- 
dividuals to be noticed, and to be explained as of a sexual character. Periy 
noticed two individuals of Colurus uncinatus, and two of Lepadella ovality in 
union. But such connexions may rather be considered accidental ; for Perty re- 
marked a Colurus so attached to Lepadella , and a Chcetonotus Larus to Lepadella 
ovalis. Cohn has had his attention directed to the same circumstance, and 
remarks that two Rotatoria of the same or even of a different species are 
very often to be seen attached together, sometimes by the back, at others by 
the abdomen, at others by the pseudopodium, and to swim about together for 
a length of time. This he has seen in DigleiMty Cblurmy and Lepadella ; it 
has, however, no connexion with -the reproductive function. • 

Of the Duration and Conditions of Life of the Rotatoria, and of their 
Habitats and Distribution. — It is next to impossible to determine, by direct 
observation, the duration of life among the Rotatoria when placed under 
natural and favourable conditions. Many may well bo supposed to survive 
from their birth in the spring until the winter, and not a few even through 
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this season until some future i)criod, since observations prove their power of 
assuming a toipid condition when existing circumstances are unfavourable 
to the full exercise of life. It has been noticed by Ehrenberg, of some Rota- 
toria living, so to speak, in confinement, or in a limited quantity of water 
under examination, that when the weather was warm and nourishment 
abundant, life was prolonged to 18 or 20 days and more ; and Mr. Gosse dlso 
speaks of a Melicerta which lived in confinement for 14 days. 

The conditions of life, or the causes affecting the vitality of Rotifera 
favourably or unfavourably, arc in some respects very remarkable, as an ap- 
peal to their habitats alone would abiuidantly illustrate. 

It is during the height of summer that the Rotifera arc multiplied most 
abundantly ; but when the cold frosty nights of autumn supervene, their 
numbers undergo a rapid reduction. However, often during the most beauti- 
ful parts of the 3'ear, as Rerty remarks, a sudden decrease will occur. 

“ Two kinds of disease,” writes Ehrenberg, destroj" the Hydatina and 
most of the Rotatoria : 1, the formation of vesicles, which give rise to the 
appearance of small rings all over the creature ; and, 2, the formation of 
granules which so penetrate the internal organs that those seem composed of 
them, and have a shagreen appearance.” The first condition hjis been noted 
by Weisse, who regards the apparent vesicles as parasitic organisms. 

The Rotatoria also suffer from tlie overgrowth upon their surface of Algaj 
and of parasitic animals. Protozoa and the like, and arc at length destroyed 
thereby. Foul or decomposing water is incomi)atiblo Avith their existence, as 
are some chemical mixtures, whilst to others thej’ seem indiffisrcnt. Thus 
Hifflatlnm have been fed with rhubarb and indigo in powder without sensible 
effect, and neither calomel nor corrosive sublimate kills them ; at least, the}" 
live for some time after those substances have been mixed with the water. 
Strychnia causes instant death. 

The deprival or the want of renewal of air in water inhabited by Rotifera 
causes their destruction, for example, when collected in abottle for examination, 
the coj’k being allowed to remain too long. In like manner the exclusion of air 
by a pellicle of oil on the surface of the water, or the withdrawal of air by 
means of an air pump, speedily destroys the Rotatorial inhabitants. Ehren- 
berg affinns that they exist much longer in an atmosphere of nitrogen than in 
one of carbonic acid or of hj-drogen, and that the vapour of sulphur speedily 
puts an end to their existence. 

Still a very imperfect renewal of air seems, at least in some instances, to 
suffice — as in the case of the Hotifer vuhjaris and It, imrasita, which have 
been seen w"ithin the splieres of Volvox and in the cells of aquatic plants 
(the Vamheria clavata.) Perty likewise mentions the Notomniata Werneckil 
as inhabiting flic Vaueherla cf^s^itosa ; and Alhertia vermicaJaris is parasitic 
within the intestine of earth-worms and slugs. In all these instances life is 
compatible with a very slight renewal of atmospheric air, or, in fact, is sup- 
ported amid the gases generated within these organic beings and mixed with 
their fluids. 

The evaporation of the water from around Rotifera, as when under exami- 
nation by the microscope, is a frequent cause of their destruction, by tlic 
breaking up of their soft parts. But there is a happy provision against such 
evil conso<]ucncos ; for, so soon as the animal experiences the deficiency of 
water around it, it withdraws its tender wheel apparatus, and limits its ex- 
posed parts as much as possible, by retracting its pscudopodium and contract- 
ing itself into a ball-like form, so that only the denser integument is exposed 
to the injurious intluonces, and the evaporation of water from the contained 
organs reduced to its minimum. 
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Indeed the Jlotatoria, in part at least, have a rcmai’kable power of preserv- 
ing their vitaKty, not only when left dry by ordinary ev aporation, but also 
when thoroughly desiccated by the assistance of heat. Lcuwonhock and 
Spallanzani experimented on them, and announced the fact of their revivifi- 
cation on the addition of moisture, months and oven years after their com- 
plete desiccation. Schrank, Bory St. Vincent, and Ehi'cnberg questioned the 
tnith of this statement, at least in its full acceptation ; and the writer last- 
named affirmed “ that wherever these creatures are completely desiccated, 
life can never again be restored. In this respect the Kotifera exactly 
correspond with animals of a larger kind ; like them, for a time they may 
continue in a lethargic and motionless condition; but, as is well knowm, 
there will be going on within them a consumption or wasting away of the 
body, equivalent to so much nourishment from without as would be needed 
for the sustentation of Hfc.” Neither the last statement nor those preceding 
it arc correct ; MM. Schultze and Doycre have repeated and confirmed the 
experiments of the old observers ; and the latter authority concludes that 
Rotifera may be completely dried in pure sand in the open air, and in a 
vacuum, without losing the capability of being revived by moisture. Many 
indeed arc sacrificed in the process ; but enough recover to demonstrate the 
possibility of the fact. 

This extraox’dinary power of resuscitation after drying explains the re- 
appearance of Hotatojia on the collection of water in shallow pools which 
liavc been entirely dried up by the hot sun of summer, and their con- 
stant presence in the dry debris of the roofs, and even of the interiors of 
Jioiises. 

In their relation to temperatiu’c, also, the Rotatoria exhibit groat tolerance. 
M. Doyere proved that when placed in water at from 113° to 118°, they 
could afterwards be revived, but that when thrown suddenly into boiling 
water (at 212°) they were at once killed. In the latter case, the sudden 
heating is supposed to coagulate the albuminoid contents of the animals, and 
in that way to cause death, because individuals previously diied by a gradually 
raised heat of 216°, 262°, and even of 261°, were many of them still capable 
of being revived. 

On tlie other hand. Rotatoria can live in water at the freezing-point. They 
arc to be found under ice, and also within the hollow cavities of ice ; and 
Ferty mentions a score of species which he met with in such localities. He 
also recounts meeting with individuals contracted in a more or less globular 
figiu’e, preparatory, as he surmises, to a winter sleep or torpor. He figures 
a PhUoilina erythrojyhthalma (XXXVIII. 4) in this condition, which is pre- 
cisely the same as that assumed when the animal is left dry ; and ho adds 
that when Scaridium longicaitdum assumes this state, it withdraws its head 
within its envelope and doubles its tail under the abdomen, just in the same 
way as a Podura, Ehrenberg doubtless refers to this same contracted con- 
dition in the account before quoted from him (p. 449-50) respecting the 
Rotifera found at great altitudes among snow, which he described as having 
an ovate figure and enclosed in an egg-shaped envelope. 

Conoehilus and Ladnularia are examples of Rotifera living in aggregated 
masses. The former recalls, by its compoimd revolving spheres, the appear- 
ance of Volvox Qlohator, whilst the latter occurs in small transparent jelly- 
like balls adherent to the leaves of aquatic plants. 

At times the Rotatoria multiply so rapidly in small stagnant pools as to 
colour the water. Ilydatina senUi, Diylena cateUhm, Tnarthra, and Lepa~ 
della are adduced by Ehrenberg as producing a milky turbidity in water, and 
the Typldhia vivid is as imparting a green colour. 

2 11 
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The Symhceta Baltica has been presumed to be phosphorescent; and 
Amir<m biremis was discovered in phosphorescent sea-water. 

The Rotatoria are distributed evciywherc over the surface of the earth, in- 
habiting its w'aters, both fresh and salt. Of the known species, by far tho 
greater number arc dwellers in fresh water, abounding in pools, ditches, and 
gently-floAving streams, especially where aquatic plants grow in sufficient 
quantity to affiord shelter and indirectly supply food by tho hosts of animal- 
cules which congregate on and about them. A too much overgrown or shaded 
piece of water is less favourable ; for they require a complete intermixture 
of air with tho water, and tho vivifying influence of the sun, for their healthy 
existence. Some species especially delight in the little turfy pools on moors 
or in boggy ground; others have been especially found in green-coloured 
ponds — the colour being duo to Protozoa and minute Alga), which furnish 
them with suitable food. 

Some of the early observers sought these animalcules especially in infusions, 
very generally made with sage -leaves and chopped hay ; but tho Rotifera are 
comparatively rare in infiisions : a few common species only appear ; and unless 
the infusion bo comparatively fresh, none will be found ; for they occur in no 
fluid in which decomposition is going forward. When they do exist in these 
infusions, they appear at a later period than do the Monadina and less highly 
organized infusorial forms. 

The known salt-water species are comparatively few ; this is very possibly 
owing to their being much less sought after than the freshwater animals. 
The principal marine forms recognized are Brachionus Midlem, B, heptatomuSy 
and SyneJmta Baltica, Distemma unarina and Furcularia marina, Colurus 
uncinatus, C, caadatus, and Anurcea striata are encountered in botli fresh and 
salt water : several are found in brackish water. 

Immersion in water is, however, not necessary to their existence : thus they 
are to be found in the damp earthy deposit from rain-water spouts, and in the 
detritus of tho w^alls and roofs of houses ; in tho moist humus or decaying 
vegetable matter about trees, and especially upon the moist roots and leaves 
of mosses and lichens — for example, among tho tufts of Bryum and of Hyp^ 
num, from which they may be separated by washing with a little water. 

We have mentioned the peculiar habitat of Albertia, within the intestine of 
the earth-worm, of wliich animal it may be accounted an- ontozoon ; the 
Notommata Parasitus also leads a parasitic existence wnthin the hollow spheres 
of Volvox Glohator ; and M. Morren, many years since, gave the following 
interesting history of the habitat of Rotifer vulgaris in the cells of Vaucheria 
clavata (A. jV. 7/. vi. p. 344) : — 

“ The labours of Roeper show that the cells of Sphagnum are sometimes 
furnished mth openings, which, place their interior cavity in communication 
with the air or water in which they are immersed. This skilful observer 
satisfied himself that, when circumstances are favourable, the Rotifer vulgaris, 
one of the Infusoria whose organization has been explained by the researches 
of Ehrenberg, exists in the cells of the Sphagnum ohtusifolium. This grew 
in ^he air, in the middle of a turf-pit : but Roeper observed its leaves in water ; 
he does not mention whether the infusorial ftTiimfll came from thence, or 
whether it was previously contained in the cavities of the cells. The general 
purport of the paper seems to imply that these Rotifers exist in the cells of 
that part of the plant which was exposed to the air ; and in this case, the 
presence of an animal so complicated, living as a parasite in the cells of a 
utricular aerial tissue, is a phenomenon of the most curious kind in the phy- 
siology of plants, and the more so as this animal is an aquatic one. 

“ I recollected that, the last year of my residence in Flanders, I found at 
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Evorghem, near Ghent, the Vaucheria clavata, in which I observed something 
similar. M. Unger had already pnblishod the following details respecting 
this plant in 1828 : * Beneath the emptied tubercles and at several points of 
the principal stalk, at different angles, rather narrower bi-anches are produced ; 
these branches are generally very loftg, and greatly exceed the principal stalk 
in length. At the end of ten or twelve days after their development, there 
are seen, towards one or other of their extremities, here and there, at different 
distances from the summit, protuberances of a clavato form, more or less 
regular, straight or slightly bent back ; and others on the sides of the stalk, 
which have the form of a capsule or vesicle. These vesicles are at first of a 
uniform bright-green colour ; and without increase of size, which exceeds 
several times that of the branches, they always become of a blackish-green 
colour, darker towards the base ; and tlien one or two globules of a reddish- 
brown may be clearly distinguished there, often surrounded by smaller gra- 
nules, evidently destitute of motion, whilst the great ones move spontaneously 
and slowly here and there in the interior of the capsule, by unequal contrac- 
tions and dilatations, whence arise remarkable changes of form. I saw these 
globules, at tlie end of eight or ten days after their appearance, still enclosed 
in the capsule, moving more and more slowly, receiving no very decided in- 
crease, whilst the base of the capsule became more transparent ; at last I 
observed that, instead of their expulsion, which I was watching for, the 
extremity of the capsule at the end of some days took an angular foim, and 
subsequently gave birth to two expansions in the form of horns ; it remained 
in this state and became more and more pale, whilst the animalcidc became 
darker and died ; and afterwards it ended by perishing at the same time as 
the other parts of the Conferva.' 

Subsequent researches have not succeeded in informing us what this 
animal might bo, of which Unger spoke. As this author drew so much atten- 
tion to the spontaneous movements of the propagula of the Vauclierice, and 
as ho admitted the passage from vegetable life — characterized, according to 
him, by immobility — to animal life, the principal criterion of which was 
motion, his animalcule was confounded with the propagula ; and no one, so 
far as I know, has returned to this very interesting subject. 

‘‘ When, therefore, I found the Vaiicheria clavata at Evorghem, I was as 
much surprised as pleased to see the mobile body noticed by Unger better 
than he did. With the aid of a higher magnifying power, I found it easy to 
ascertain the true nature of the animal ; for it was not a propagulum, but 
a real animal, the Rotifer vulgaris y u4th its ciha imitating the wheel, its 
taU, *fec. 

“ The first protuberances or vesicles which I saw containing this animal 
enclosed but one of them ; afterwards they laid eggs and multiplied ; but it 
seems that then they descend the tubes of the Vaucheria and lodge themselves 
in new protuberances, whose development they may possibly stimulate, as the 
galls and oak-apples, or organic transformations attributable to the influence 
of parasitic beings. 

The Rotifer vulgaris travels quite at his ease in these protuberances ; • he 
traverses the partitions, displaces the chromule and pushes it to the two ex- 
tremities of the vesicle, so that this appears darker at these parts. One day 
I opened a protuberance gently : I waited to see the Rotifer spring out and 
enjoy the Kberty so dear to all creatures, even to infusori^ animals ; but no 
— ^he preferred to bury himself in his prison, descending into the tubes of the 
plant, and to nestle himself in the middle of a mass of green matter, rather 
than swim about fi'eely in the neighbourhood of his dwelling. 

Some of these protuberances had greenish threads appended to their free 
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end, and others had none : I thought at first that these threads wore some 
mkMm from within, escaped through some opening which might have served 
the Rotifer as an entrance ; but an attentive and lengthened observation con- 
vinced mo that in this there was no solution of continuity, and that the arrival 
of the Rotifers in the Vavcherice was nJt at all to be explained in this way. 
How are these parasitic animalcules generated within them ? This is what 
further research has some day to show. Meanwhile I have thought that it 
should be made known that the animalcule found in the Vaucherice by Unger 
was the Rotifer vulgaris of zoologists.’’ 

Several of the Philodinceay and particularly the Callidinmy have been met 
with in snow, along with the so-caUed red snow, in very cold regions, and 
at considerable elevations, such as above the perpetual snow-line of the 
Alps. Perty informs us that mosses and lichens collected in the Swiss 
mountains, at a height of 9000 feet, have yielded, on washing with distilled 
water, numerous Infusoria, including several Rotatoria, viz. Callidina ele- 
gans, Rotifer vulgaris^ PJiilodivia roseala, Diglena catelliua, and Ratulus 
hinaris. 

We have no data whereon to construct laws of geographical distribution 
for the Rotatoria. Observation has proved no definite regional limitation of 
species ; wherever searched for, the same species seem discoverable. 

Owing to the perishable nature of their tissues, the Rotifera do not occur 
in a fossil state ; they arc, moreover, rare components of the showers of In- 
fusorial dust. 

Of the Affinities and Classification of the Rotatoria. — That the 
Rotatoria, by their high degree of organization, should bo elevated in the 
animal scale far above Protozoa, is now universally admitted. Indeed they 
cannot be rightly comprehended among Infusoria if this term be accepted to 
indicate a definite class of beings ; for although there arc slight general re- 
semblances between some Rotatoria and Protozoa, no true near affinities of 
stmeture exist between them. 

While naturalists generally are in accord on this necessary separation of 
Rotatoria from Protozoa, they are much at variance respecting the relative 
position of the Rotatoria in a classification of the Invertebrata, or, in other 
words, concerning the true affinities of the class. Thus Burmeistcr, Owen, 
Ijcydig, Dana, and Gosse would range them among Crustacea as a p^icular 
order; whilst Wiegmann, Milne-Edwards, Wagner, Siebold, Cohn, Perty, 
Williamson, Huxley, and others would class them with Vermes — a section 
comprehending Helminthae, Turbellafla, and Annelida. 

Wo shall first state the arguments used to demonstrate the Crustacean 
alliance, which are most fully and powerfully brought forward by Leydig ; 
they are, that 

“ The external figure is rather that of Crustacea than that of Vermes. 
None of the latter have a jointed organ of motion, such ns most Rotifera 
possess in their annulatcd or jointed pseudopodium devoid of all viscera. 

“ Tlic shield-like hardened integument or lorica of some species, such as 
Euchlanis and Ealpina, has its analogue among the Crustacea, whilst in none 
of the Vermes is a similar indurated cuticle to be foimd. 

Vermes are destitute of striated muscles; but Rotifera, equally with 
Crustacea, possess them. The movements of many species recall in a striking 
manner those of Crustaceans. The nervous system supplies further evidence ; 
tor although the Rotatoria have no pharyngeal ganglionic ring and no chain 
of abdominal ganglia proceeding from it, yet a similar deficiency prevails with 
the Lopliyropoda and the Daphnimy recognized Cnistaceans, which have only 
a cerebral ganglion and radiating nerves like the Rotifera ; consequently it 
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cannot be adduced a law, that the highly developed nervous system of the 
higher forms is an essential character of the Crustacea. 

“ The mode of termination of the sensitive nerves is that seen in Crustacea 
and Insecta ; but the like is not kno^vn among Vermes. Ehrenbcrg pointed 
out the similarity of the eye-specks to those of Crustacea. The several seg- 
ments and texture of the alimentary canal afford no decisive evidence, since 
many Vermes have homy jaws, as have the Kotifera. The masticatory 
apparatus of the young DaphnioB presents a pretty close resemblance 'ivith 
that of Rotatoria — the two opposed jaws expanding into a plate toothed with 
numerous transverse ridges, like those of Lachiularki. The stomach -glands 
probably have their analogues in the lobed glandular appendages — the so- 
called ‘ salivary glands ’ of Cirripedia. 

“ Similar organs, however, exist in many dorsibrancliiate Vermes ; and like- 
wise in many Vermes and lower Crustacea the liver is represented by large 
cells with peculiar contents, situated in the walls of the stomach and intes- 
tine. The absence of an intestine in a few Rotifera may appear opposed to 
their Arthropodous type ; yet in the Nciu^opterous larva of Mymieleo the 
faeces are discharged by the mouth, and the rectum itself is transformed into 
a spinning organ. Moreover, the intestinal cimal of many Rotifera, e. g. 
Euchlanis and StepJmnoceros, recalls, in its peculiar bcU-like movement, the 
exactly similar character of the intestine of certain parasitic Crustacea 
{AchtJieres, Tracheliastesy &c.). 

The substance regarded as urinary concretions is evidently clo 8 (jly re- 
lated to that formed in the larva of Cyclops 3 but no such point of resemblance 
is found among Vermes. 

“ Lastly, the anatomicid and physiological phenomena of sexual life greatly 
favour the Crustacean relationship. Several minor particulars may be alluded 
to — such as the production of two kinds of ova (indeed the winter ova of 
Tdarthra have a great likeness in the constmetion of the shell with the 
ephippial ova of Daphnia), the fact that many species carry their eggs about 
with them (although it is true the same is seen among Vermes, for instance 
Clepsim), and the occurrence of coloured oil- corpuscles in the yelk of not a 
few Rotatoria — aU indicating a Crustacean t)^c. llie striking analogy be- 
tween the male (in some sense aborted) Rotatoria and the males of many 
Cnistacea is one of far higher import. It is only necessary to caU to mind the 
diminutive parasitic males Nordmann discovered in the females of Achtheres, 
Brachiella, Cho7idracanthd8, and Aiichorella, and such as Krdyer found in 
other Lernceopoda and Lerrmce, 

Moreover, the embryonic history of Rotifera is in favour of the alliance, 
— viz. the imperfect development of the young of several species, on their 
emergence from the egg, and the necessary metamorphosis* they undergo 
before attaining the a(^ult condition. Lastly, the diminution or even com- 
plete disappearance of the eyes after birth further indicates an analogy with 
certain Crustacean forms. 

“ Whilst the foregoing considerations approximate the Rotifers to the 
Crustacea, the nature of the respiratory apparatus and the presence of the 
vibratile cilia separate the two, and assimilate the Rotatoria to Vermes ; yet 
in both these particulars they make an equal approach to Echinodermata, 
inasmuch as the peculiar vibratile organs of Synapta digitata appear to be 
similar stmetures with the vibrating organs (tags or gills).” 

Now, argues Leydig, it seems but just to allow the sum of the resem- 
blances to any class, if greater than that of the dilfcrcnces, to determine the 
systematic position. If this be granted, as the sum of resemblances of the 
llotifera with ihc Crustaceans seems assuredly greater than that of their 
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differences from them, their alliance with them must be admitted. Making 
due allowance, therefore, for the vibratilo cilia and the peculiar respiratory 
apparatus of llotatoiia, Lcydig would constitute them a special class of 
Crustacea, under the name of Ciliated Crustacea. 

The foregoing arguments of Leydig for the Crustacean nature of Rotatoria 
have been severally mot and replied to by C. Vogt, in a recent paper ‘‘ On 
the Systematic Position of the Rotifera ” (Zeitschr. 1855, p. 193). The ob- 
jections advanced are those : — 

That Leydig assigns an undue importance to external resemblances ; and 
that, as to movements, there is as much similarity between those of Phihdina 
and a leech, as between those of any other of the Rotifera and the skipping 
motions of Entomostraca. The figure is no actual evidence of affinity : no 
perceptible likeness exists between fixed Rotifera, or a sac-like Notomniata 
and a Crustacean, whilst, on the contrary, an undoubted similarity prevails 
between a Stephanoceros and a Bryozoon ; and between Notommata tardigrada 
and many of the Vermes the resemblance is more pronounced than that be- 
tween any of the Rotatoria and a water-flea. Besides, there are Vermes of a 
smooth, oval, discoid, and expanded figure, and others with bodies not less 
clearly divided into regions than the Rotifera. 

An annulate articulation, like that of the pscudopodium of Rotifera, is also 
a feature seen among Annelida ; and the telescopic joints and movement are 
witnessed in Eimice. It is the possession of limbs, each consisting of several 
segments, which is chanicteristic of Articulata, both in the fiiU-grown and 
in the larva condition, and not an asymmetrical process actually forming but 
a single segment. Further, spines and hooks, in some degree moveable like 
the pincer-processos on the pseudopodium of Rotatoria, occur in many Vermes, 
especially among the parasitic species. Lastly, a pair of jointed locomotive 
organs is never found among Rotatoria at any period of their existence. The 
assertion that the thickening of the integument as a loiica is not seen in any 
Vermes is correct, if the constitution of the lorica of one piece bo a necessary 
feature, although the thick cartilaginous tube of Gordiacem and the firm in- 
tegument of many other Annelids may be adduced as analogous conditions. 
But if a lorica may be composed of several pieces, the whole family of marine 
Annelida, in wliicli the skin is hardened into a firm shield, may bo cited as 
homologous. To Leydig’s remark that he knows of no Vermes with a lorica, 
the rejoinder may be made, that no Crustacean is found enveloped in a gela- 
tinous sheath, like Notommata centrura, whilst, on the contrary, such an 
investment is common among Vermes, and especially exemplified in Siphono- 
stomum. 

Striated muscles are not unknown in Annelida ; they have been seen in 
Sdlpa ; and ifi some Radiata the particles of muscles separate as so many 
disks. Moreover, such muscles occur in other Invertebrata besides Cmstacea, 
and they therefore furnish no real argument for allying Rotifera with the 
latter. 

The nervous system lends no support to Leydig’s views, as he professes it 
does. A coalesced cerebral ganglion sending off nerves to depressions in the 
cuticle armed with bristles, finds no analogy among the lower Crustacea, but 
exhibits, on the other hand, an actual identity of structure with the nervous 
system of the Turbellaria. The same resemblance is apparent among all the 
Cestoidca, the Nemertce, Planaria;, and Trematoda. Again, the like degrees 
of development of eye-specks, from a simple heap of pigment to a definite 
organ with a refracting medium, is illustrated by all those sections of the 
class Vermes, as Quatrefagos show’s in his figures of the Nmnertce. The mode 
ef termination of the nerves described by Leydig in Rotatoria and Crustacea 
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is also seen in Vermes and in general the organization of the nervous sy- 
stem is much more in accordance with that of Ccstoidca than with that of 
the lowest Crustacea. Leydig remarks the great similarity of the maxillary 
apparatus of young Daphnice with that of some Kotatoria^ but forgets that a 
sii^ar structure occurs in many Vermes. On the other hand, there are no 
Crustacea which can, like several Notommatce, protrude the maxillary organs 
as prehensile instruments ; yet it is a common phenomenon with many Vermes. 
Further, in no Articulata are the anus and rectum wanting, as happens with 
some Rotatoria ; for although in the larva of Myrmeleo, as Leydig states, the 
rectum is transformed into a spinning organ, stiU the viscus is present, though 
modiiicd for a different functional purpose : however, among Vermes such 
an imperfect intestinal canal is common enough. From the preceding con- 
siderations, the structure of the alimentary tube must be admitted to accord 
rather with that of Vermes than with that of Crustacea. 

The secreted solid matter in the cloaca of embryo Cyclops, compared by 
Leydig to the urinary concretions of Rotifera, is, however (unlike them), 
produced originally of a green colour, Avithin a sac on each side of the intestine, 
but subsequently becomes ycUow, and is discharged through the cloaca. Such 
sacs or cells have rather the signiheation of a liver, and are common among 
Vermes. 

Leydig relics most on the j)hcnomena of the sexual system and the occur- 
rence of distinct male animals. Rut Polynoe, Keegone, and the Cystoneidoi 
produce both summer and winter ova, and carry them about. And with re- 
ference to the existence of small distinct males, Krohn has proved it in Au~ 
tolytiis prolifer, whilst among Ncmatoid worms generally a marked dilferenco 
obtains between the males and females ; and what, indeed, can bo more 
striking than the difference between Distoma Ohenii and Z>. homnatobium^l 
The variation in form and structure between the two sexes can therefore 
furnish no differential character, seeing that it occurs alike in some Crustacea 
and in most bisexual Vermes. 

The occurrence of a metamorphosis, and the shrivelling or obliteration of 
the eiycs, are plienomena common to Vermes and Crustacea. The larval Ste- 
phanoceros is equally comparable and similar to the occasional typo of Annelid 
larva, having a frontal ciliary wreath in advance of the eyes, or otherwise to 
the larv® of Nemertidce, such as Alardus caudatus, as to the embryos of any 
Crustacea. Wherefore all Leydig’s characters, even where they indicate 
some affinity with the Crustacea, exhibit, at least, an equally close one with 
Vermes. 

The presence of vibratile cilia and the peculiar respiratory organs are, as 
Leydig admits, circumstances approximating Rotifera to Annelida. A tor- 
tuous canal with ciliated tags occurs in none of the Articulata, and is incon- 
sistent with the type of their water-breathing apparatus. At best there is 
only a remote analogy, whilst a close similarity, and even an identity, is seen 
between such structures and those of most Cestoidea. 

The history of development is in favour of the Annelid alliance, and op- 
posed to Leydig^s hyj)othesis ; for in all Crustacea the embryo originates 
from a primitive part superposed upon the yolk, whilst in Rotifera, in com- 
mon with all Vermes, such a supplementary part is wanting, and the embryo 
is generated from the entire yelk. 

The appeal to metamorphosis lends its support to the present argument : 
for no trace of resemblance is perceptible between the larvm of such Crusta- 
ceans as undergo transformation, having throe pairs of jointed legs or feet, and 
the embryo stages of Rotatoria — ^fer instance, of Stephanoceros, with ciliary 
wreath, posterior bunch of cilia, lateral eyes, and vermiform trunk ; yet in 
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all these particulars it, on the contrary, assimilates to the larvm of Vermes, 
between which and the adult state the diversity is equally ^eat. 

The accompanying tabular statement given by Vogt briefly presents the 
chief points of the discussion. 

SYSTEMATIC POSITION OF THE ROTATORIA. 


Cl^aTaeters inconsistent 
with Crustacea but in 
accordance with Vermes. 


1. Ciliary motion. 


! 2. Vessels with cili- 
I ated tags. 


i 3. Development of 
I embryos from the 
j entire yelk with-| 
I out primitive 
part. 

4. Typical structure 
of the larvae and 
young, without 
jointed locomo- 
tive organs. 

5. Total absence of 
articulated limbs 
in pairs dui*ing 
their entire exist- 
ence. 


Characters common 
to Crustacea and 
Vermes. 


Characters incon- 
sistent with 
Vermes. 


Characters peculiar 
to Crustacea. 


Annulation of 
the bodies 
with telesco- 


pic segments. 
Structure of tlie 


nervous sy- 
stem and or- 
gans of sense. 

Maxillary ap- 
paratus. 


Formation of 
eggs and 
their carry- 
ing about % 
parent. 

Dissimilarity 
and imper- 
fect organiza- 
tion of the 
males. 


Characters not ex- 
clusive but common 
to other claoaea. 


Formation of a 
loriea. 


Structure of the 
muscles. 


Structure of in- 
testinal canal. 


Urinary secre- 
tion (?). 


Cohn’s name may now be added to the list of opponents to the Crustacean 
alliance. Wo have already seen (p. 447) that he denies the occurrence of any 
metamorphosis in the course of development of the Rotatoria, and by so 
doing sets aside one indication Leydig brought forward in favour of their 
alHancc with Crustacea. The following is a summary of his arguments against 
that relationship ; — “ The ciliated condition of the Rotifera, their respiratory 
apparatus, their nervous system, the position of the intestine, and even their 
general form, are aU of them circumstances in favour of their affinity witli 
Vermes.” Cqhn can find no true articulations, but merely shallow folds of 
the skin in the principal portion of the body ; and even the pseudopodium 
and toes are not articidatcd motory organs (or limbs), but prolongations from 
the common cavity of the body. The circumstance of his having united the 
Tardigrada with the SystoHdes (Rotatoria) indicates Dujardin’s recognition 
of the affinity of the latter with Crustacea ; for in structure the Tardigrada 
make an unmistakcable approach to Arthropoda by the pairs of limbs and 
chain of ganglions on the abdominal surface, and to Arachnida also by the 
structure and disposition of their digestive organs, by their suctorial mouth, 
and by other details of organization. Their association with Rotatoria, how- 
ever, is not recognized by any other naturalist besides Dujardin ; and they 
arc generally placed amongst the lowest Arachnida, near the Pyemgonidee 
and Acavinm (the lowest families of Arachnida) (sec Section V., Of the Tar- 
iuorada). • 

A still higher affinity has been reccntlj" claimed for the Rotatona by Mr. 
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Gosse, viz. with Arthropoda and Insects. He supports this notion by an 
appeal to the structure of the maxillary apparatus and to supposed analogies 
of its several parts with the mandibles, jaws, &c., of insects. The “ mastax ” 
(see chapter on Digestive Apparatus) he identifies with a true mouth ; the 
mallei ” with mandibles ; the manubria ” possibly with the checks, into 
which the “ mallei ” are articulated ; the rami ” of the incus ” with 
maxilla) ; and the fulcrum ” he imagines to represent the cardines ” sol- 
dered together. While maintaining this connexion with Insecta through 
the maxillary organs in their highest development, he suggests their affinity 
with Polyzoa by the same organs at the opposite extremity of the scale, since 
the oval muscular bulbs in Bowerhardcia approach and recede in their action 
on food, and seem to represent the quadriglobular masses of Limnias and 
Rotifer further degenerated. If this affinity be correctly indicated, the in- 
teresting fact is apparent that the Polyzoa present the point where the tw^o 
great parallel divisions MoUusca and Articulata unite in their course towards 
the true Polypi (see Mr. Gosse’s valuable paper in the Philosophical Tram- 
actions , 1855). In a memoir since read before the Itoyal Society {Phil, 
Tram, 1857) by this same distinguished naturalist, the Crustacean alliance 
is further insisted on upon the ground of the sexual peculiarities of the Ro- 
tatoria. In this paper the author remarks that wo must look, for a parallel 
to the curious facts established concerning the dioecious character of Rotifera 
and their peculiar males (see p. 455), to the Crustacea. The economy of 
the Ilectocotylus of certain Ccphalopod MoUusca, though perhaps even still 
more abnormal, is only remotely analogous. Nor is the parallelism very close 
of those Entozoa in which the males arc organically united to the femmes, as 
the genera Heteroura and Syngamus, described by Professor Owen. 

“ In the class Crustacea, however, many examples occur of a sexual differ- 
ence, which may instructively be compared with the one before us. Thus, 
among the Isopoda, wo find the parasitic genera Bopyrus, Phryxus^ and lone^ 
in which the males are notably smaUer than the females, very diverse in 
form, and in some respects inferior in structure. In the Siphonostoma ‘ the 
males are extremely smaU, and do not in the least resemble the females/ 
though those of different genera bear a strong resemblance inter se, even 
when the females are veiy dissimilar. So low is their grade of organization, 
that Burmeister has attempted to prove these minute creatures to be embry- 
onic or larval fonns. And, finally, in the Cirripedia, Mr. Darwin has proved 
the existence of males in the genera Ibla and ScalpeUum, which are very 
minute as compared with their females, excessively abnormal in form, and in 
some respects in an embryonic condition, though unquestionably mature, as 
shown by the spermatozoa. And, what is still more interesting, the same 
accurate zoologist observes — ‘ After the most careful dissection of very many 
specimens, .... I can venture positively to assert that there is no vestige of a 
mouth or masticatory organs, or stomach.’ Again, he describes the internal 
structure as ‘ a pulpy mass with numerous oil-globules,’ and the sperm- 
vcsicle as ‘ a pear-shaped bag at the very bottom of the sack-formed animal, 
containing cither pulpy matter, or a great moss of spermatozoa,’ — terms which 
might have been employed in describing some of the male Brachioni. 

‘‘ In all these analogies I conceive wo may find additional reasons, to those 
that have been before adduced, for assigning to the Rotifera a zoological po- 
sition among the Articulata.” 

The attempt of Mr. Gossc to identify parts of the maxillary mechanism of 
Rotatoria with that of Insects, although praiseworthy, is in our opinion un- 
successful, and involves a considerable stretch of imagination. Moreover, if 
the identifications, or more correctly speaking the homologies, be correct, we 
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do not see that this circumstance is per se adequate to establish on alliance 
with the Insecta, particularly when, in most other respects, the differences 
between the two groups of beings are so very considerable. Referring only 
to the particulars mentioned in Vogt’s critique, we may observe that if the 
aberrations of organization of Rotatoria from the lowest. Crustacea render 
their allianco with the latter more than doubtful, still less possible is their 
connexion with the highest Articulate, in which every differential character 
becomes more developed. 

The arguments and illustrations of Vogt in favour of the close affinity 
of Rotatoria with Vermes will to most minds appear convincing ; but should 
any demand further evidence, it is supplied by the opinions of the majority 
of naturalists and by the reasons adduced in their support. At present wo 
will confine ourselves to the views and arguments of Forty, Siebold, William- 
son, and Huxley. 

Perty enters into no discussion, but merely states generally that the posi- 
tion of Rotifera with Vermes is indicated by their want of jointed feet in 
pairs, and of a ganglionic abdominal chain such as Crustacea have, whilst, on 
the contrary, they are provided with external voluntary and internal invo- 
luntary cilia, after the type of Vermes. The class to which he would refer 
them is that of the Thoracozoa (Arthrozoa). 

Siebold affirmed that the affinity of Rotifera with the Crustacea is but 
remote, since they are, ho conceives, deficient of a distinct abdominal mem- 
brane, of limbs in pairs, and of striped muscular fibre, — undergo no meta- 
morphosis like Crustacea, — ^have organs of resinration (cilia) both externally 
and internally, and an epithelium hning tho alimentary tube, such as no Ar- 
thropoda or Cnistacca possess. Subsequent research has invalidated a few 
of tho reasons put forward by Siebold, such as that of tho absence of striated 
muscles ; but the majority retain their force. 

Prof. Williamson argues, from the particular instance of Melicerta, against 
a Crustacean relationship. His words are — ‘‘ In tho possession of so highly- 
organized a form of voluntary muscle, in the investment of the fasciculi by a 
sarcolemma, and in tho existence of a weR- defined, ciliated, cellular epithe- 
lium lining the alimentary canal, we have indications of an organization ap- 
proaching that of the lower Articulata. The dental apparatus appears to 
constitute a splanchno-skoleton, like that of tho Crustacea ; but, on the other 
hand, tho absence of a visible nervous system remover the Melicerta far below 
the Homogangliato animals. That they should possess a nervous system of 
some kind appears almost a matter of necessity if the presence of a striated 
muscular fibre indicates volition ; but its actual existence has yet to be de- 
monstrated. J have found no special organs of circulation or respiration. On 
watching the movements of the- small free cells which float in the ^d8ceral 
cavity, as well as in the tail, it becomes obvious that tho fluid contained 
within tho integument moves freely with every contraction of the body. I 
detect no vessels or pulsating organs. These facts also tend to associate the 
animal with tho Acrita rather than with the Homogangliato Crustacea. At 
the. same time its organization is of a higher type than that of the Rryozoa. 

. . . .Again, many Vermes possess homy jaws not wholly unlike those of 
Rotatoria, together with similar stomach-glands, equally resembling those of 
some lower Crustaceans ; and, moreover, many Vermes, e. g. Glepsine, carry 
their eggs about with them.” 

Prof. Huxley has very ably examined the question of the affinities of the 
Rotatoria. Containing, as his opinions and illustrations do, many additional 
facts, we shall, at the risk of some repetition, add them to •the preceding dis- 
cussions and details. In the first place, ho adopts, us a group of the lower 
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Annulosa, under the name of Annuloida^ the several families Annelida, Echi- 
nodermata, Trematoda, Turbellaria, and Nematoidea, and in company with 
these he would place the Eotifera. The terms of resemblance (to the An- 
nuloida) are these : — 1. Bands of cilia, resembling and performing the func- 
tions of the wheel organs, are found in Annelid, Echinoderm, and Trematodo 
larvm. 2. A water-vascular system, essentially similar to that of Kotifera, 
is found in Monoecious Annelids, in Trematoda, in Turbellaria, in Echino- 
derms, and perhaps in the Nematoidea, the Cestoidea, and the Nemertidee. 
3. A similar condition of the nervous system is found in Turbellaria. 4. A 
somewhat similarly armed gizzard is found in the Nemertidas ; and the pha- 
ryngeal armature of a Nereid larva may well be compared with that of 
Albertia. 5. The intestine undergoes corresponding flexures in the Echino- 
derm larvae. There are therefore no points of their organization in which 
the Botifera differ from the Anniiloida ; and there is one very characteristic 
circumstance, the presence of the water- vascular system, in which they agree 
with them.” 

Prof. Huxley next proceeds to inquire to which of the Annuloida the Roti- 
fera are most closely allied, and in so doing seeks for the fundamental types 
of their organization by an ingenious mode of demonstration, adducing the 
genera StepJianoceros, Philodina, Notommata^ BrachionuSy and Ladnularia as 
“ the types of the great division of the Rotifera, and of which whatever is 
true will probably be found to be true of all the Rotifera.” The result he 
arrives at is, ‘Hhat the Rotifera are organized upon the plan of an Annelid 
larva, which loses its original symmetry by the unequal development of various 
regions, and especially by that of the principal ciliated circlet or trochal 
band.” After some further remarks. Prof. Huxley adds — “ I do not hesitate 
to draw the conclusion ” (which at first sounds somewhat startling) that 
the Rotifera are the permanent forms of Echinoderm larvae, and hold the same 
relation to the Echinoderm s that the Hydraform Polypi hold to the Medusae, 
or that Appendiculariae hold to the Ascidians. 

The larva of Sipunculus might be taken for one of the Rotifera ; that of 
Ophiura is essentially similar to Stephamceros ; that of Asterias resembles 
Lacinularia or MelicertaP 

Again, this talented naturalist believes that the Rotifera furnish the link 
between the lower Echinoderms (which otherwise seem to lead nowhere) 
and the Ncmertidie and-Nematoid worms, the Rotifera themselves forming 
the lowest step of the Echinoderm division of the Annuloida, the proposed 
subkingdom of Cuvier’s Radiata. 

To elucidate his views. Prof. Huxley has appended to his essay a series of 
diagrams showing the essential correspondence between Rotife^ and Annelid 
or Echinoderm larvflc. 

When Leydig wrote his memoir on the Rotatoria, he had the advantage of 
seeing this contribution to their history by Prof. Huxley, and has remarked 
in general terms, of the above views and their illustrations, that although the 
ingenuity of the attempt to prove Rotatoria permanent larvae of Echinoderms 
must be admitted, he is nevertheless unable to adopt the hypothesis of .the 
English observer, and must hold to his own idea of their Ciustaccan cha- 
racter. 

The conclusion which it seems to us must be adopted is, that the Rotatoria 
belong to the great group of the Radiata known as Vermes, and stand in 
more particular relation with those families which make up the proposed di- 
vision Annuloida.” 

We must now add a few observations concerning the affinity exhibited by 
the Rotatoria with the Ciliobrachiatc Polypes or Bryozoa (a family of Polyzoa). 
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This affinity is particularly marked in the genus Ste^Jianoceros on the part 
of the Rotifera, and in that of BowerhanMa on the side of the Bryozoa. 
The members of the latter genus livo in an elongated tubular case, and have 
themselves an elongated, rather club-shaped figure. The case is transparent ; 
its upper portion is soft, so that it can close over the animal when retracted. 
The head of the Bryozoon is armed with several long processes or tentacles 
similar to those of Stephanoceros, which arc clothed with cilia and spines ; 
and the margin of the head itself is also ciliated. This whole armature is 
retractile. Muscles are distinguishablo, moving the several parts. The di- 
gestive system comprehends a mouth, oesophagus, gizzard, stomach, a gastric 
tube or pylorus, and an intestine, lined with cilia, returning upwards, so that 
the anus opens near the mouth. Tho lining membrane of the gizzard is 
moreover furnished with many homy teeth, seated on oval muscular bulbs, 
which, according to Mr.Gosse (see p.473), approach and recede in their action 
on food, and seem to represent the quadriglobular masses of Limnias and Ro- 
tifer further degenerated.” The Bryozoa as a class are reproduced by throe 
modes: 1. by ova; 2. by ciliated gcmmules; and 3. by budding (gemma- 
tion) from the common stem or polypidom where they grow. The second 
mode is not met with in Boiverhankia, but only in species having fleshy or 
gelatinous polyparies (o. g. Hahdactylm), where the ciliated gemmules occur 
in sacs, which appear as whitish points imbedded in the general mass. Is there, 
we may ask, any analogy between these and tho winter ova of Rotifera, which 
are in some cases ciliated or hairy ? The ovary producing the ordinary ova 
is placed close above tho stomach ; and contiguous to it is thc^testis, filled with 
spermatozoa. Tho ova when ripe escape into the general cavity of tho body, 
where they are surrounded and impregnated by tho spermatozoa ; and after 
several have accumulated about the base of tho tentacles, they are at length 
discharged through the anus. "J.'he ova are remarkable from their irregularity 
of shape. The embryo escapes as a free being, not unliko some ciliated Pro- 
tozoon, but by-and-by it fixes itself, produces its pedicle, and assumes the 
form of its parent. 

On comparing this description of BowerhanMa with that of StepTuinoceros, 
the points of similarity between the two are very many and striking. Tho 
points in which Bowerha^nMa chiefly differ are — 1. its character as a member 
of a compound mass or polypary from which it may itself have grown as a 
bud, whilst reproduction by gemmation is unknown among Rotifera ; 2. the 
position of the ovary above tho stomach, in close proximity, with an evident 
testis ; 3. the apparent absence of an oviduct, and the consequent escape of 
the ovum, followed by its fertilization, within the general cavity of tho body ; 
4. the imperfect development of a maxillary apparatus ; 5. tho absence of a 
water- vascular system ; 6. the greater length and stiffiiess and more slender 
figure of the tentacles or arm-like processes of the head ; and 7. the different 
disposition of the cilia upon them — ^for these in StepJianoceros are arranged 
in little bunches or whorls at short distances from each other. 

But several of these distinctive particulars lose much of their force from 
other comparisons and considerations. Thus the absence of an oviduct is 
admitted as an occasional event in Rotifera ; and tho escape of the embryos 
into the general cavity of the body has been stated by many observers to 
occur in Stepharweeros ; Leydig, however, denies this ; yet the birth of the 
young in Philodina and their active life within the body of the parent may 
present the analogy in request. It cannot be affirmed with certainty that 
BowerhanJeia is unliko St^hanoceros in having a testis in company with the 
ovary ; for no male StepJianoceros has yet been found, and some doubtful 
structures have been by some assumed to represent the testicle. To cite yet 
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another circumstance, a water- vascular system is indistinct in Steplianoeerosy 
and would be overlooked, as Leydig remarks, did not the knowledge of its 
form and of its existence in other Eotatoria direct in the search for it ; and, on 
the other hand, such a structure has not been sought after in Bowerhankia. 

These and other considerations, which might easily be added to, lessen the 
differential characters, and, together with the many undoubted points of re- 
semblance between Bowerhankia and Stephamceros, incline us to the very 
prevalent opinion that there is a real affinity between Kotifera and Bryozoa, 
although we would not go so far as some naturalists and place the genus 
Stephanoceros among the latter. 

Huxley entertains an adverse opinion, and believes that “ there is a funda- 
mental error in approximating the Polyzoa and the Rotifera at all, that the 
resemblance between Stephanoeeros and a Polyzoon is very superficial, and 
that the relations between the Polyzoa and the Rotifera are at the best mere 
analogies.” 

The resemblances between the Rotatoria and the Ciliated Protozoa are 
merely superficial. Vaginicola is enclosed in a transparent sheath, like a 
Fhscularia or a Tuhicolaria ; the urcoolated individuals of Ophrydium are 
grouped into gelatinous balls, like those of Conochilus ; the ciliary wreath 
about the head of Vorticella, Stentor, and Vaginicola makes an approxima- 
tion to that of Rotatoria ; and the contractile muscular pedicle of Vorticella 
and Zooihamnium recalls, in some respects, the retractile pedicles of the fixed 
Rotatoria. 

A connecting link is, however, supplied between the Ciliated Protozoa and 
the Rotatoria by most genera of the family Ichihydina, which Ehrenberg 
indeed numbered among the latter class. This great microscopist had but an 
imperfect acquaintance with their organization ; and at the present time our 
knowledge of it is far from complete. The genera referred to are Ichthydium 
and Chwtonotm ; and perhaps Mr. Gosse's genus Saccidus should bo united 
with them. The genus Olenophora of Ehrenberg is not recognized by most 
naturalists. 

They differ from Rotatoria in having no transverse joints or folds to the 
body, no water- vascular system, no appreciable muscles or nerves, whilst 
the ciliarj’’ wreath is on the model of Ciliated Protozoa, and the alimentary 
canal after the type of that of Nematoda and of Anguillula. The vibratile 
cilia extend also over the abdominal surface of Ichthydium, and over both 
the ventral and dorsal of Chcetonotus. Lastly, according to M. Schultze they 
are hermaphrodite, and have pin-shaped spermatozoa. These peculiarities of 
organization have induced observers generally to exclude these genera from 
Rotatoria. Dujardin has found a place for them along with Coleps ; and a 
doubtful subgenus he named Planariola, as* a subclass of COiated Protozoa, 
unlike the rest of this class in being symmetrical. 

Another link between Rotifera and the Ciliata is to be found in the peculiar 
genus Dysteria, which Prof. Huxley referred to the Euphta, and Mr. Gosse 
to the Monocercadece among the Rotatoria (see p, 387). 

Classification. — Since no observers, prior to Ehrenberg, duly recognized 
the Rotatoria as a class distinct from the Protozoa, we may at once commence 
with an analysis of the classification he has proposed. 

This was based on the apparent structure of the rotary organ, of which he 
distinguished two typos : 1. in which the circlet of cilia is complete — Mono- 
trocha ; 2. in which it is divided into two or more segments — Sorotrocha, 
Each typical form was subdivided ; the first into Holotrocha, in which the 
ciliated ring is entire, and BcJiizotroclia, in which the wreath is notched. The 
second {Sorotrocha') into Polytrocha, with a compound wreath of several lobes 
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or secondary circlets, and into Zygotrocha, where the organ consists of two 
(a pair of) symmetrical wreaths. 

The further division of these sections into families was founded on the 
circumstance of the animals being either loricated or not loricated ; and the 
distribution into genera was made, primarily, according to the number and 
disposition of the red eye-specks, and in a secondary degree, according to 
the characters of the jaws and toelii, or of those of the foot-process, or other- 
wise, more rarely, of the lorica. 

This classification we present in a tabulated form for convenience of 
reference. 


CLASS ROTATOEIA, ACCORDING TO EHRENBERG’S SYSTEM. 

SECTION 1. MONOTROCHA. , 

FAMILIES. GENERA. 

■ eyes absent f . . , . f with truncated foot Ptygura. 

Illoricated : Ich- | \ with forked foot Ichthydium. 

thyd^a [ hair present Chsetonotus. 

beyes present Clenophora. 

T • ^ j • 1 * i loricflB distinct (Ecistes. 

Loricated. (Ecistina | loricte agglomerated Conochilus. 

MegdofcodiA. 


Loricated : Floscu- 
larisea 


^ eyes absent 

one eye (when 
young) 

two eyes (when 
young) 


, Tubicolaria. 


I 


eyes absent 


one eye 


tw) eyes 


/ urceoli distinct 

^ ^ I urceoli agglomerate 

rotary organ 4-fid 

rotary organ 5-6-fid 

SECTION II. SOROTROCHA. 

Division I. Polytrociia. 

no teeth 

* / jaw many-toothed 

Ijawone-tooth^d 

/'frontal 

( foot styliform 

C mtal cilia alone 

do. with styles 

do. with uncini 

y with lateral cirrlii. . 

{ foot furcate 

cervical . . .foot furcate 


Limnias. 
Lacinularia. 
Melicerta. 
Floscularia. 


three eyes 

eyes numer- 
ous 


cervical 


frontal... I 


Enteroplea. 

Ilydatina. 

Pleurotrocha. 

Furcularia. 

Monocerca. 

Notommata. 

Synchfieta. 

Scaridium. 

Polyarthra. 

Diglena. 

Triorthra. 

Ratulus, 

Distemma. 

Triophthalmiis. 


mer- 1 . 


hora. 
. Otoglena. 


Euchlanidota... eyes absent . 


Theonis. 
Lepadella. 
Monostyla. 
Mastigocerca. 
Euchlanis. 
Salpina. 
Dinocharis. 
Monura. 
Colurus. 
Metopidia. 
Stephanops. 



Loricated. Illoricated. 
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Division II. Zygotrociia. 


FAMILIES. 


/ 

eyes absent < 

Philodinaea - 

/ 

eyes present - 


^eyes absent.... 

J Erachionasa 

r 

1 

eyes present < 


1 1 


genera. 

vrith a proboscis and foot-processes Callidina. 


without proboscis ; no 
hom-liEO processes 


rotary organ pedicled ... Hydrins, 

do. not pedicled Typhlina. 

foot with horn- f terminal toes two . . . Rotifer. 

like processes \ do. three Actinurus. 
foot without such processes ; terminal 

toes two Monolabis. 

two cervical Fhilodina. 

foot furcate Notcus. 


two frontal 


Many serious objections attach even to the fundamental principles which 
Ehrenbcrg has adopted in his systematic distribution of Rotifera. Leydig 
has well argued against the existence of an actually compound trochal disk 
(p. 398) ; and to designate the peculiar ciliated organs of Flosculana and 
Stephanoceros simple notched wreaths is certainly a misnomer, and conveys 
an erroneous impression. 

The employment of the loricated ” and illoricated ” condition, as un- 
derstood by Ehrenbcrg, in the construction of families, is even more faulty ; 
for, as before observed (p. 394-5), he uses the term lorica ” so loosely, that 
it designates no one special structure. The existence and position of eye- 
specks, as characteristic of genera, arc very uncertain and insufficient. These 
coloured specks, especially when numerous, arc not constant cither in number 
or position ; they disappear with ago in numerous instances, in some even 
before the adult condition is attained ; they may be deficient from various 
external circumstances of development ; and, in general, they have not that 
importance in the organization and life of the Rotatoria which can warrant 
their employment as generic distinctions. The formation of the jaws and 
the number of the apparent teeth might afford valuable characteristics ; but 
they are facts difficult of determination on account of the minuteness of their 
parts. From the above considerations it is evident that the descriptions of the 
Berlin Professor arc open to much question, and the generic characters based 
on them uncertain. 

That this artificial system of Ehrenberg is erroneous, is also evidenced by 
the separation of undoubtedly allied forms which it often entails. This evil 
involves another, that of the unnecessary multiplication of genera and of di- 
stinctive names. Thus Dujardin rightly insists on the erroneous distribution 
of a naturally single genus, from the reaRy unimportant variation in the 
number of coloured specks, into the several genera Lepaddla, Metopidia, 
Stephanops, and Squamella ; and also indicates tho division of the families 
Philodinoia and Ilydatimxa as carried too far. On the other hand, tho ex- 
tensive genus Notomnnata comprehends many very dissimilar animals, including, 
for instance, not only such as possess the typical alimentary canal of the 
Rotifera, but also those recently discovered forms that diverge from that t^e 
in wanting a separate anal outlet. Such a genus requires revision. The 
same may be said of the genus Diglena, In the opinion of many naturalists, 
the Berlin Professor falls into an additional error in admitting tho family 
Ichthydina among the Rotatoria. In fine, the result of modem research is to 
call equally in question several of the subdivisions and genera which he has 
instituted. 

Although the defects and errors of Ehrenberg’s system be generally ad- 
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mitted, yet seyeral writers, such as Siebold, Perty, and Gosse, have been con- 
tent to employ it in the absence of a better. Indeed, before a correct natural 
classification of the Rotatoria can be made, the organization of each inde- 
pendent form must be investigated, and the signification and relative import- 
ance of its parts dotermined. 

Various temporary arrangements have been suggested. Ehrenberg himself 
indicated a division of the class according to the form and disposition of the 
alimentary canal, and another according to the structure of the dental appa- 
ratus. Both these are unsatisfactory and artificial ; and even their author 
was compelled to admit that genera and species were thereby associated in 
alliEmces quite different from those they occupied in his accepted system. 

Diijardin considers that, “ in the present state of science, we do not possess 
the elements of a definite classification ; ” and therefore proposes, as a merely 
provisional scheme, four grand divisions of the Rotatoria, including the Tardi- 
grada: viz., 1. those which live fixed by their posterior extremity; 2. those which 
have but one mode of locomotion, and are always swimmers ; 3. those which 
enjoy two modes of progression — ^by crawling, after the manner of leeches, and 
by swimming ; 4. those which creep by moveable uncini on their lower sur- 
face, and are destitute of cilia. It is the Tardigrada which constitute this 
fourth division ; and they so far differ from Rotatoria, particularly in the ab- 
sence of a ciliary apparatus and the presence of rudimentary feet, that their 
alliance with the latter is generally objected to ; even Dujardin himself views 
it as of doubtful propriety. 

The classification of Dujardin, omitting the Tardigrada, is as follows : — 


1. Fixed forms 

2. ITaving ono mode of locomotion, viz. by swimming 

3. Having two modes of locomotion; 1. by swimming; 

2. by crawling 


Families. 

/ Flosculariens, 
Melicertiens. 
Bracuioniens. 
Furculariens. 
Albertiens. 

Botif^res. 


For the further division into genera we must refer to Dujardin's work. 
The system, as Leydig remarks of it, is founded on a correct principle, and 
recommends itself by its simplicity. The groups of individuals it brings 
together generally consort by natural afiinities ; still some are exceptional and 
aberrant, and occur as disjecta membra. 

Leydig makes the attempt to form a division, primarily according to the form 
of the body, and secondarily, to the nature and the presence or the absence 
of the foot-process. There are three primary forms : — 1. in which the figure 
is club-shaped or cylindrical ; 2. in which it is saccular ; 3. in which it is 
compressed. ’The accompanying plan represents in full the system in ques- 
tion. The TchtJiydina are omitted. 


LEYDIG’S CLASSIFICATION. 

A. Figure club-shaped or cylindrical. 

I. With a longy transversely wrinkled^ attached foot. 

In tlus section are comprised the families (Edstina, Megalotrochaa^ and 
Fwstnilari<Ba of Ehrenberg, excepting the genera Ptygura^ Glenophora., 
CyphonauteSy and Microcodon. The last wlongs to another section ; 
l^bree are incomplete forms. 

IT. With a longy yointedy telescopicy and retractile foot. 

. rr ^^P^^ntcd by the family Philodinaa (Ehr.). 

I II. With a lorwyjointedy not retractile foot. 

Ttr Scaridium and Dinocharis (Ehr.). 

IV. tVtth a short foot and long foot^processes. • 

Includes the genera Monocercoy Farca/aWa, and Microcodon (Ehr.), and the. 
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sp^es Notommata Tigris and N, longiseta (Ehr.). Loydig supinises that 
Microcodon is a male animal. 

V. IVifh a short foot ; the foot-processes equal to the foot in length, or hut slightly 
shorter or longer. 

Comprises the genera Hydatina, Pleurotrocha, Diglena, Ratuhis, Distemmn, 
TViophthalmus, Eosphora, Cycloglena, Theorus, Synchreia (Ehr.), and 
Lindia (Duj.) ; together with the species Notommata Tuba, N. petro- 
myzon, N. saccig^a, N. Copeus, N. centrura, JV. hrachyota, N. collaris, 
N. Ni^as, N. auriia, N. gibha, N. anmta, N. decipiens, N, Felis, N. para- 
sitica, N. tripus (Ehr.), N. tardigrada (Leydig), N. vermicularis (Duj.), 
N. roseola and N. oniscifomnis (Perty), and the Furcularia Rheinhardtii 
(Ehr.), which is, however, actually a Notommata, The genus Lindia 
(Duj.) is doubtful ; and that of Enteroplea (Ehr.) is the male of Hyda- 
tina scnta, 

VI. Without a foot. 

Is represented by the genus Albertia (Duj.). 

B. Figure saccular. 

I. With a short foot. 

Such are the species Notommata clamdatal, N Myrmeleo, N. Syrinx, and 
Diglena lacustris. 

II. Without a foot. 

Includes Notommata anglica (Dalrymple), N. Sieboldii (Leydig), Polyarthra 
phxtyptera (Ehr.), and ^e genera Triarthra (Ehr.) and Ascomorpha 
(Perty). 

C. Figure compressed. 

a. Compressed horizontally. 

I. With a foot. 

Represented by the genera Euchlanis, Lepadella, Monostyla, Metopidia, 
Stephanops, Sq^iamella, Notem, Brachionus, Pterodina (Ehr.), and 
Notogonia (Perty). 

II. Without a foot. 

The genus Amiraa (Ehr.). 

b. Compressed laterally. 

Includes the genera Salpina, Mastigoccrca, Monura, and Cohirus (Ehr.), 

This arrangement of the Rotatoria the author confesses to be defective. 
In our opinion, it has no advantage over the scheme of Dujardin, and, on 
the other hand, wants its simplicity. Its basis is not such as will combine 
the species according to their natural affinities ; for there is no necessary or 
direct relation between external form and internal organization, and it is on 
the latter alone than any classification can securely repose. 
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Sect. V.— OF THE TARDIGRADA. 

Their Structure, Habitats, and Affinities. — The Tardigrada or Tardi- 
grades (in German, Wasserhdren, lit. ivater-hears) constitute a small group 
of animals, first noticed by Eichhom, and latterly more fully investigated by 
Doyere, Dujardin, and Kaufmanp. 

Their size is so considerable (from ^th to ^th of an inch in length) that 
they are visible to the naked eye. They have oblong, symmetrical, non- 
ciliated, and very contractile bodies, admitting of their rolling themselves into 
a ball, and of otherwise varying their figure. The head is somewhat pro- 
duced, assuming a conical or pyramidal figure ; but they have no pseudopo- 
diiim or other posterior process. 

They are invested by a resistant, firm, and sometimes homy integument, 
composed of two layers. The firmness is due to the chitinous composition of 
the external lamina or cuticle, which is not aifcctcd by caustic alkali. In 
Emydiumy M. Doyere describes the integument to consist of four homy 
plates. During contraction, the integument is thrown into transverse folds, 
and the anterior and posterior segments retracted. Its surface is generally 
smooth ; but in Emydium there are a few pretty regularly disposed bristles 
(setm) on the back and sides ; and in the neighbourhood of the mouth there 
are, as a ndo, several soft flexible processes, palpi or antennae. Numerous 
and definite muscles extend betw^ecn the inner skin or cpideimis and the 
various organs and members. 

The under or abdominal surface is clearly distinguished from the dorsal by 
the presence of four pail's of mdimcntaiy feet without joints, each consisting 
of a nipple-like (mammilliform) process supporiing on its extremity from two 
to four well- developed curved and acute uncini or hooks. These are the 
locomotive members by which the animals crawl upon and adhere to solid 
substances. 

The head is without a trochal disk or ciliary wreath, vibratile cilia being 
entirely wanting. The mouth, opening at its extremity, in the median lino, 
is modified so as to form a sucking-tubg ; it is narrow, and drawn out to a 
more or less fine extremity ; it is bounded on each side by a lateral, rigid, 
homy, narrow or linear process — the maxilla, which is moveable upon a 
single or double central piece or fulcrum. The whole organ constitutes a 
*tube-like sucker, and is protrusile at will beyond the head, like the suctorial 
mouths of Jicari and Insccta. On each side of the mouth are the small re- 
tractile palpi already noticed. 

The mouth opens posteriorly in a pharyngeal muscular bulb, furnished 
internally with a homy articulated dental apparatus, serving to crush food, but 
less highly organized than in Rotifera. Under the polarizing microscope the 
manducatory organs exhibit the same appearance as hom. From them the 
•food passes into an elongated tubular stomach or intestine, continued straight 
through the body, and terminating in an anus at the posterior extremity. Tn 
its coiu'se it presents numerous lateral offshoots or diverticula. 

No form of respiratory or circulatory apparatus has been detected ; but a 
multitude of granules and corpuscles arc seen to float freely in the general 
cavity between the integument and the alimentary canal, which Doyere sup- 
posed to be concerned in the processes of nutrition, and • to be analogous to 
blood-corpuscles. M. Quatrefages states that the fluid within the body is in 
perpetual irregular motion. 
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The nervous system is well developed. It consists of a chain of ganglia, 
with intercommunicating (anastomosing) nerve-fibres, besides a central or 
cerebral ganglion. 

The eyes are variable and fugacious.. The sense of touch maybe presumed 
to reside specially about the suctorial mouth and its contiguous palpi. All 
the Tardigrada are hermaphrodite. The ovary is of large size ; but the ova, 
according to KbUiker and Frey, do not in the course of development exhibit 
a germinal disk : in this they differ from Arthropoda. Few eggs are pro- 
duced at a time, and are of large size. They are, curiously enough, found in 
the exuvke or moultings of the animals ; for from time to time the outer skin 
is cast off. M. Doyerc convinced himself of the existence of a testis and 
spermatozoa. Dujardin says the embryo emerges from the ovum perfect in 
form ; but Kaufmann, on the contraiy, affirms that they undergo some de- 
gree of metamoriffiosis ere they attain the adult structure- 

The Tardigrada have received their name from their slow movements. They 
are parasitic animals, and live by sucking the juices &om other beings. They 
are common upon water-plants and vegetable debris in ponds ; yet immersion 
in water is not necessary, since they are found, like E.otifers, in the dust and 
rubbish on the rooffi of houses (a locality in which they were first encountered 
by Spallanzani), and especially amid the small lichens, mosses, &c., which 
spring up in such situations. The Bryum is a favourite moss for these crea- 
tures. On shaking portions of this or of other mosses or aquatic plants in a basin 
of water, the Tardigrada will fall to the bottom, and may be easily collected. 

In most vital phenomena they very closely accord with Eotatoria ; thus, 
like these, they can be revived aftcjr being put into hot water at 113° to 
118°, but are destroyed by immersion in boih'ng water. They may bo gra- 
dually heated to 216°, 252°, and even 261°. It is also by their capability 
of resuscitation after being dried that they arc able to sustain their vitality 
in such localities as the roofs of houses, where at one time they are subjected 
to great heat and excessive drought, and at another are immersed in water. 

O. Miiller (in 1785) seems, from the name {Acarm Urselliis) which he 
imposed on the species he then knew of, to have rightly conceived their 
natural affinity. Ehrenberg and Schultze (1834) placed them among the 
Lemtm. Dujardin (in 1841) advocated their alliance with the Eotatoria, and 
constituted them one of the divisions of that class, under the name of “ By- 
stolides Marcheurs,^^ or creeping Eotatoria ; for he considered them to form a 
link between the Eotatoria anxl the Hclminthidae on one side, and the Anne- 
lida and Arachnida on the other. M. Doyere Jit first coincided in this opinion ; 
but his subsequent researches led him to give it up and to constitute the Tar- 
digrades a distinct group. Dujardin himself has, moreover, modified his first 
opinion, as appears by his memoir in the Annales des Sc. Nat. for 1851 ; 
for he there remarks that the Tardigrada are equally allied to the Eotifera 
and to the Ncmatoid Helminthidse, and that it is uncertain whether they 
ought to be referred to Articulata or Vermes. Our countryman Mr. White 
(in a paper read before the Linnean Society in 1851) stated his belief that 
the so-called Acarus follicuhrum, and probably also Tardigrada, are parasitic 
Jlotatoria, with legs or leg-like appendages adapted to their peculiar habits, 
and that their retractile, antenna-like, subtelescopic appendages may have 
eyes passing through them, as in snails, and may also be the equivalents of 
the rotoe (rotary lobes), but, from the limited, or rather the absolutely re- 
stricted, power of motion of these animals, have neither the ciliary processes 
nor the movements gnd economical uses of the appendages so characteristic 
of most of the Eotatoria.” 

Pertv tells us that in 1848 he constructed a family XenomorpJMcp.^ which 

2 I 2 
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was accepted by Ehrenberg, to compi'ehend the Tardigrada, the best-known 
of which were included in a genus Aretucon, so named by Schrank. His 
opinion now is, that ‘‘ perhaps they should rather be associated with the class 
Arachnida, as a lower type, near the Acarino),’^ and not be numbered with the 
Crustacea, as ho formerly proposed. “ Doyerc’s figures of Emydium indicate 
their alliance ^vith the Acarinse, like many of which the Xenon^orphidcB (Tar- 
digrada) suck the juices of other animals. Their development differs from 
that of Rotifera ; and their skin is composed of chi tin.” This last distinction, 
also insisted upon by Kaufmanii, vanishes if Leydig be correct in his state- 
ment that Rotatoiia likewise have a chitinous cuticle. 

The most recent writer on Tardigrada we have met with is Kaufmann 
{Zeitschr. 1851, p. 220), who has presented an able memoir on those beings. 
He indicates the following distinctive features between them and Rotatoria ; 
— ^The history of their develoi)meiit accords with that of Arthropoda, and 
disagrees with that of Rotifera : the epidermis is composed of chitin, a sub- 
stance only found in Arthropoda (this we have already stated is probably an 
error) ; the pairs of indistinctly-jointed limbs and the abdominal chain of 
ganglia no Rotifer possesses, whilst, on the other hand, the Tardigrada have 
no trochal disk and no vibratile cilia, but possess a suctorial mouth ; lastly, 
they are deficient of a water- vascular system, and are all liermaphrodite. 

Cohn, in a recent paper (Siebold’s ZeitscJirift, 1855, p. 481), throws some 
doubt on this presumed momneious nature of the Tardigrada. Thus, he says, 
Doyere, whilst maintaining their hermaphrodite character, has noticed seminal 
corpuscles (spermatozoa) in only two individuals. On the other hand, he men- 
tions certain examples in whi(5h the oral organs were aborted, and both sucto- 
rial disk and maxillaiy head were granting ; this happened most frequently 
in MacrohioHts Jlufelandiif and more rarely in other species. Another notable 
fact is, that in the two closely-allied species, Macrohiotus Jlufelandii and 
Macr. Oherhamerii, the ova of one are thick-sheUed and tuberculatcd, and 
those of the other thin-shelled and smooth. In these circumstances Cohn 
is disposed to find a parallel between Tardigiuda and Rotatoria in what 
relates to their sexual peculiarities, — ^inferring by tliis, that, as in the latter 
family the sexes are separated, and ova of three sorts — mule, “ summer ” 
(asexual), and “ winter ” — are produced, so, from the facts indicated, the 
Tardigrada may also be bisexual (dioecious) and may deposit eggs of each 
several kind. 

The relation of Tardigrada to Arachnida through tlic lowest divisions of 
the latter, Kaufmann proceeds to demonstrate by the following particulars ; — 
They have suctorial mouths, like most Acari ; in the stmeture and disposition 
of the digestive organs they agree with Arachnida ; by the absence of circu- 
latory and respiratory organs they are allied to the Acarina in part, and to 
the Pyciy)(jomd(K entirely ; like many mites (Acarina), they lay few and 
large eggs. But, again, the occurrence of a metamori)hosis to some extent 
detaches them from the Pycnogonidm and from most Acarina ; and they 
differ from all Arachnida by being hermaphrodite ; however, the circumstance 
of the separation of the sexes, or their union in the same individual, in no 
class of animals can supply the basis for constituting family distinctions. 
Even among Arthropoda a family of hermaphrodite animals occurs, viz. the 
Cirripedia. In this respect the Crustacea and Arachnida, by their lowest 
members, through which they are linked to other classes of animals, accord ; 
in the former the Cirripedia, which ally them with the Mollusca, — ^in the 
latter the Tardigrada, which approximate the Arachnida to the Annelida, 
bring the two into connexion. 

The conclusion therefore is,‘ that the Tardigrada constitute the lowest 
Section of the Arachnida, by the side of the Pycnogomdfp and the Acarina. 



PART II. 

A SYSTEMATIC HISTORY OF INFUSORIA 


[Note . — ^The Bovcral groups whose general history is treated of in the first part of this 
work, viz. Hacillaria (pi 1), Phytozoa (p. Ill), Protozoa (p. IlH)), and Rotatoria (p. 
being independent of each other, their respective families, genera, and species will not, for 
the reason stated in the Preface, be described in the same order in this second part, hut 
those of the Bacillaria will be printed last. For an explanation of abbreviations, see end 
of Contents.] 


OF THE GROUP PHYTOZOA (p. 111). 

Faiiiilies: — 1. Monadina; 2. Hydromorina ; 3. Cryptomonadiiia ; 
4. Volvocina ; 5. Vibrionia ; 6. Astasisca. 

FAMILY 1.— MONADINA. 

(Plate XVIII. figs. I to 28.) 

The Monadina are among the most minute living creatures which have been 
discovered by man. They are (according to Ehrcnberg) destitute of an ali- 
mentary canal, are illoricated or shell-less, and have a uniform body without 
any appendages issuing from it, cilia not being considered as such. They 
increase by simple and complete self-division into two, four, or more indi- 
viduals. The uniformity or unvarying appearance in their external form (he 
says) may be considered as one of the principal charactoiistics of this family ; 
for no one of the Monadina can voluntarily alter the shape of its body, whether 
into a filiform, knotty, or globular figure, nor can it extend any portion of it, 
and then contract it again. All possess organs of locomotion, nutrition, and 
propagation, the last of the hermaphrodite character. Some of them have a 
rudimentary eye ; but it has never been discerned that they are.fiimished with 
a vascular or circulating system, which, however, is not surprising when we 
reflect that, should they possess it (a supposition by no means to be rejected), 
the diameters of the tubes of this system would necessarily bo of such extreme 
minuteness as to defy investigation. None but microscopes of high magnify- 
ing powers can display their structure ; indeed they cannot be observed 
accurately with a less amplification than 500 diameters, by glasses of consi- 
derable penetration and good definition. 

The apparent eye of some Monadina is used as a generic character for 
Microglena (XVIII. 6), Ptuicelomoiuis, &c. ; but its possession does not pi’ove 
the existence of sensibility, although, as Ehrcnberg thinks, this faculty is pre- 
sumable from the alternate vibration and quiescence exhibited by the pro- 
boscis when one of these beings is in a place abundantly supplied with food. 

The details given in the first part of this work (p. 130), of the nature and struc- 
ture of the animalcules comprised by Ehrcnberg in this family, render it unne- 
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cessary here to state more than that the beings so grouped together are hete- 
rogeneous both in nature and character, and partake scarcely any other features 
in common than those of minuteness and the possession of one or of few elon- 
gated cilia or filaments as locomotive organs. The deficiency of characteristics 
necessary to constitute a natural family, and the absence of any proof of the 
animality of the several genera, were perceived by Siebold, who rejected the 
Monadina from his group of Infusoria. Agassiz says of them that they are 
mostly moveable germs of various kinds of Algae ; and in this statement, we 
believe, as far as relates to the majority, he is correct. Dr. Burnett {Boston 
Jo urn, A^rt^2//5<.1853,vi.p.319) has the following remarks on these topics : — 

<'As the family Monadina now stands, it undoubtedly includes veiy hetero- 
geneous elements, particles being grouped together from their general aspects 
rather than from their physiological characteristics. I cannot pretend to take 
them up in that systematic way in which they have been arranged by Ehrcn- 
berg ; for I have found but little system about them, and for the most part 
have been unable to follow his descriptions. If we arc to judge of them by 
mere form and size alone, I should say that the varieties they present under 
the microscope are numberless. Indeed, in watching the same particle for a 
long time, I have seen it change its form and size four or five times, and each 
as distinct from the other as many of Khrenberg’s species. Those which con- 
tain chlorophyll must, it appears to me, in virtue of that fact, be regarded 
as of a vegetable nature. As to the others this point would be doubtful.” 

Again, Dujardin, whilst admitting generally the animal nature of the ge- 
nera in question, differed widely from the Berlin naturalist both as to their 
organization and distribution. Since, however, in the present state of our 
knowledge, it is impossible to fix on the organisms of which they are but de- 
velopmental phases, it is well, for the purpose of future identification and 
future researches, to attempt definitions and descriptions of these simple 
beings, although, as an artificial and tcmporaiy proceeding, the whole be 
doomed to ultimate neglect and destruction. Consequently, we shall retain 
all Elirenberg’s genera and species, which, however ill-defined and unsatis- 
factory, give the best representation wo possess of these varied and variable 
microscopic organisms. 

The views of Ehrenberg on the special organization of the Monadina have 
been widely criticised and condemned. The possession of an integument, the 
fixed invariable outlLuo, and the ocular nature of the red speck, are statements 
which have encountered the opposition of Dujardin and of very many subse- 
quent naturalists. The existence of a mouth and the reception of coloured 
food have likewise been widely denied, in accordance with the prevalent 
hypothesis of their vegetable nature as early phases of Algae and Eungi ; but 
latterly Cohn has witnessed the entry of coloured particles into their interior, — 
a circumstance confirmed by Lachmann, who moreover adds that he has twice 
observed Monadina which contained a small Diatom, the excretion of which, 
in the vicinity of the posterior extremity, taking place soon afterwards, also 
made him consider the existence of an anus probable. Schneider remarked 
in Ghilomoncus Paramecium one or two reddish linos running from the inden- 
tation into which the filaments were fixed, to the opposite end, and, from a 
comparison of these with the process of fission as seen in Bodo^ concluded 
that they were furrows which gradually deepen until the animalcule is bisected. 
As during this process the being undergoes no change of form, except in be- 
coming a little broader, and the division takes place along its whole length, 
the process must readily escape observation. The anterior end is always a 
little thicker ; the furrows consequently are deeper and more distinctly recog- 
nizable in that part. It is only in rare cases, when the division has taken place 
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more slowly in some particular spot, that the two segments must endeavour 
to tear themselves free, and thus, by twisting in contrary directions, draw our 
attention to them. It was without doubt a specimen of CryptOTmonas cyiindrica 
in this condition which Ehrenberg conceived to be two individuals adhering 
together and not in the act of fissation. Dujardin failed in seeing spontaneous 
fission among the Monadina, and thinks it more probable tliat their multi- 
plication takes place by the separation of a lobe or of the termination of an 
expansion, which his notion that they are without any sort of integument 
presupposes they may, after the manner of Amcehoi, push out from their mass. 

The family is distributed into nine genera, as follows : — 


Single . . . 

f Eye wanting 

Aggregate 


.Monaa. 

.Uvella. 


f 

H 


Tail 


f Swimming 


I 

I 


Bolling . 
Lips present . 
present 


Eye present 


> Microglcna. 

> Chlorastcr. 
Phacclomonas. 

^ Aggregate Qleuomorum. 

Doxococcus. 

Chilomonas. 

Bodo. 



f Proboscis one or 1 


two J 

Single 

Proboscides not 1 

more tlian foiu* j 


Proboscides 1 

! 1 / 


Diijardiii was unable to recognize all the genera of Ehrenberg, and believed 
that Microylena, Phacelomonas, Olenomomm and Doxococcus appertain to 
another family, and that the distinction between the genera Pohjtoma and 
UveUa is erroneously deduced from the sui)posed fission of Polytomu in two 
opposite directions and the pcriodictil groui)ing of Uvella, He thus reduced 
the genera of Ehrenberg to four in number, \iz. MonaSj Uvellay Chilomoncis 
and liodo, the last comprehending in j)art his Hexamitay Amphimoum and 
Cercomonas. The subjoined table represents the distribution ho proposed : — 


Isolated 


A Single 
FlagcUiforn] 
Filament. 


Proceeding from the ante- J 
rior extremity. 


Several 

Filaments. 


MONADINA. 

/Moveable in its en- 
tire length Monas. 

Tliickencd, and 
moveable only 
towards the ex- 

^ tremity Cyclidium. 

Proceeding obliquely from behind an anterior 

prolongation Chilomonas. 

( A second filament or lateral appendage Ampliimonas. 

A second filament or posterior appendage Cercomonas. 

Two equal filaments, terminating tlie rounded 

angles of the anterior extremity Tropomonhs. 


Four equal filaments in front, two thicker be- 
hind Hexamita. 

A second filament proceeding from the same 
point as the flagelliform filament, but tliicker, 

trailing and retractile Heteromita. 

A filament and vibratile cilia Trichomonas. 

. r Groups always free and w’hirling Uvella. 

Aggregate y gj^d to the extremity of a brandling polypidom Anthopliysii. 
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“ These generic distinctions are, however,” Dujardin very justly adds, en- 
tirely artificial, and simply intended to facilitate the naming of Infusoria one 
may have met with in such and such an infusion, and which, when better 
known, may prove in some instances only varieties of a single species.” 

Perty appends to his history of Monadina the following observations : — 
‘‘ Ehrenberg’s Monadina arc very difficult to determine ; many, like Momts 
bicolovy M. Colpoda, M. EnchelySy M. Umhra^ M. hyalimty M. ovalis, M, Mica^ 
M. cylindrica, M. de^es, M. JlavicanSf M, simplex, M, inanis, and M. sdntiUmis, 
appear to be only the earlier stages of other Monadina, or the yoimg stages 
of Ciliata. M. Crepmculum forms my genus Acadeeum; M, Temio is a 
Cereomonas ; M, Guttula and M. vivipara are most likely varieties of the 
multiform J\L Lem ; M. yrandis and Micn'oylemi monad i mi are Sporozoids ; 
Monas ochracea, M, eruhescens, M. vinom, and probably M, gJiscevis belong to 
the genus Ghromaiium (XIX. 1) ; M, Punctum is no other than the one fila- 
mentary variety of Polytoma ; M. socialis goes along with Cercomoims ; M. 
thigens is the young condition of Chlorogonium euchlorum ; Uvella virescens 
possesses one filament and no cilia ; U, Uva may be a colourless variety 
of it ; U. Okiucoma scarcely belongs to the genus Uvella, as it has always 
two filaments 27. Bodo appears a developmental phase of Euglena viridis ; 
Polytoma Uvella is equivalent to my P. Uva ; Microglena pumtifera is un- 
known to me. The genus Doxococcus I consider untenable ; Z). ruber and D. 
Pulvieculus are merely resting forms of Astasia ; Ohilomonas Volvox and 27. 
destruem are in all probability embryos of Ciliata, and Ch. Paramecium is the 
hyaline variety of my Cryptomomis polymorpha ; and Bodo is divisible into 
Anisonema (XIX. 8) and Cercomonas (XVIII. 11, 12, 20).” 

The new genera instituted by the Swiss naturalist are Tetramitus (XTX. 
3), Mallomonas (XIX. 4), Pleuromo^ias (XVIIT. 25), Spiromonas (XVIII. 
24), Menoidium (XIX. 2), Chromatiam (XIX. 1), and Acariceum, Fresenius 
accepts two of these now genera, viz. Mallomonas and Tetramitus, and creates 
in addition two others, Rhabdomonas and Grymma, — the former not identical 
with the Rhabdomonads (staff-like monads) mentioned by Ehrcnbcrg as a 
group of his genus Monas, 

Respecting the large contribution by Perty to the number of Monadina 
catalogued by Ehrcnbcrg and Dujardin, the question arises, whether the 
forma named are really different and distinguishable. We fear, indeed, that 
the increased number will rather perplex and encumber the obsciwcr than 
advance his real knowledge of microscopic forms. Still, to make our resume 
complete, they must be enumerated. In effecting this, the plan pursued will 
be to describe the several genera admitted by Ehrcnbcrg first, adding the 
species notcd,by others, and after these to give the characters of genera and 
species constituted by Dujardin, Perty, or any other naturalist : where the 
same being has had a second name given it, it wiU be added as a synonym. 
In the systematic details wo shall preserve the descriptions and remarks in 
general which appeared in the last edition, and arc largely borrowed from 
Ehrenberg’s most valuable works. These, indeed, are everywhere tinged 
with the peculiar hyi)othcsi8 of that writer, the value and bearing of which, 
however, have been sufficiently examined in the first part of this work to 
render explanations and connections heinc unnecessary. The description, 
therefore, of mouths, eyes, stomach sacs, glands, vessels, heimaphrodite deve- 
lopment, ova, and of aU other stnictures or organs of higher animal organiza- 
tion, will have no other value as applicable to such special organs than that 
accorded to it in the m’ud of every individual reader of the chapter on the 
stnicture and functions of the Monadina, who can draw for himself his owq 
inferences from the facts and opinions therein recorded. 
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Genus MONAS (XVIII. 1, 2, 15, 17, 19, 21).— The animalcules of this 
genus — the true Monads — are described (see table) by Ehrcnberg as destitute 
of an eye, with projecting lip and tail, and as always swimming in the direction 
of the long;itudinal axis of the body, their mouth being situated at the anterior 
end. It is another distinguishing character of the true Monad, that it is never 
seen to cluster, like others of its family, so as to form a beny^-like mass ; and 
hence it is designated single, in contradistinction. Amongst the several 
species distinguished, some few arc green, yellowish, or of a reddish tint ; 
but the majority are colourless ; colour, moreover, is not a chaiacteristic to 
be relied upon. Monads may often bo present in water, under inspection, with- 
out being seen, owing to the magnifying power employed being insufficient. 
They will be sought for in vain with a power of less than 300 diameters ; and 
even this, in some cases, will be found insufficient. They are, besides, as a 
genus, difficult to be accurately determined, not only on account of their ex- 
ceeding minuteness, but because the young of other genera are so likely to be 
mistaken for them, — for instance, the young of the Bacteriumy Vibrio y UvelUiy 
Polyto^nay Pandonnay Goniumy &c., when separated from their clusters. And 
this difficulty in discriminating them will be more likely to happen when they 
are not observed whilst undergoing the process of self-division, or when seen 
in water containing but a small number of them ; under which circumstances, 
however anxious we may be to ascertain their name, we must often rest con- 
tented with probable surmise. When the water swarms with the creatures, 
the decision will be far easier, and more trustworthy, since the characters are 
then more easily discoverable, and their possible variations appreciable. The 
obscrvcir may, however, be guided to a certain extent by the following rule : — 
Suppose that in a di'op of water containing species of the genus Vibrioy Bac~ 
teriuniy Uvella, or Polytoma (easily distinguished by their clustering forms), 
separate Monad-like bodies wore to bo observed ; the probability is that they 
would bo either single forms, or the young of the clustering animalcules ; and 
if there were no great dttfercnce in the size of the separate individuals and 
those forming the clusters, this conclusion would be generally correct : and 
this rule applies equally to those green Monad-like creatures found amongst 
Pmidoriiia and Oonium, Chlamidonionas Pulvisculmy when young, is very 
deceptive, and may often be mistaken for an illoricated and eyeless green 
Monad. 

The only locomotive organ which has been discovered in the genus is the 
single filiform proboscis (filament) issuing from near the mouth. The numer- 
ous cilia sometimes apparent thereabouts are nothing more than this filament 
in a state of vibratory or rotatory motion. This organ, Ehrcnberg observes, 
has a twofold office, one being locomotive, and the other to provide the creature 
with food, and hence may be called a purveying organ. 

Vacuoles are readily seen in some of the species {e, g. M. Guttulu and M. 
vivi^ara) without the aid of coloured food ; in others {M, Termo, M. Guttulay 
and M. socialis)y its aid is required. 

The propagative apparatus Ehrenbcrg represented in M. Gidtula and M. 
vivipara to consist of a vast number of granules formed into a net-like mass, 
dispersed generally throughout the creature, having a comparatively large 
spherical body (the nucleus) which divides in the process of self-fission. 

Monads multiply rapidly by self-division, either transversely, as in Monas 
Gnltulay M, liyalinay M. gliscehiSy M. OJeeniiy and M. sodalis ; or longitudi- 
nally, as in M. Punctum (XVIII. 2 ) : both methods have been observed in 
M. vivvpara. 

As the members of this genus are chiefly cuiious on account of their extreme 
minuteness, only the leading characters and size of the several species are 
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given. Most of them are inhabitants of water in which organic matter is un- 
dergoing decomposition. 

The Monads of Ehrenberg are arranged under two divisions, according to 
their external form. The first division contains all those of a globular or oval 
shape (globular Monads) ; the second those of a lengthened form, the length 
being more than twice the breadth (elongated Monads). 


A. — Globular Monads. 

Monas Crepmculum (xviir. 1). — The 
smallest of all living creatures; of a 
spheroidal form, and hyaline, although, 
wheu seen iu masses, with the naked 
eye, of a whitish hue. They are active, 
and feed on animal as well as on vegeta- 
ble substances, and arc found in water 
holding animal matter in solution ; but 
as decomposition proceeds, they die, and 
their bodies rise to the surface of the 
water, and form a thick and colourless 
gelatinous stratum. Rarely 1-1200" in 
diameter ; never lai'ger. 

M. Termo (M.), so named from its 
havinjj been supposed to be the limit of 
auimni organization; globular, active, 
herbivorous ; found in stfignant water ; 
increases rapidly where there is an 
abundance of veg^etable matter imder- 
going decomposition. 1-6000" to 
1-12000", and less. 

M. Guttula (M.). — Round, inactive; 
may be preserved by drying; 12 di- 
gestive vacuoles seen by the aid of in- 
digo or carmine ; surface appeal’s granu- 
lated. In vessels of water containing 
plants or flowers. 1-2300" or loss. 

M. vivipara, — Spherical, inactive. In 
stagnant water; coloured. 1-620" or less. 

M. (/ramlis. — Spherical ; colour green- 
ish, except near the mouth ; filament 
short, l-3rd or l-4th the length of the 
body ; motion sluggish. In marsh water, 
very rare. 1-430". 

M. hkohr, — Globular; colourless, ex- 
cepting one or two green spots within 
it ; attenuated anteriorly ; motion vacil- 
lating. 1-14^". 

M. ochracea^ — Globular ; of a yellow- 
o(;hre colour. In water-courses. 1-6000" 
at most. 

M. eruhescens, — Circular ; rose-co- 
loured; motion slow but continued. In 
salt water. 1-1728". 

M. vinosa, — Globular, colour of red 
wine ; motion tremulous ; rejects co- 
loured food. In vegetable infusions. 
1-12000" to 1-6000". 

M. KolpoiUi , — Colourless, oval or egg- 
shaped ; motion vacillating. In water 
in the silver mines of Siberia. 1-7200". 

M. -^Colourless ; continuous 


slow motion. In marsh water. 1-1200" 
to 1-960". 

M. Umbra. — Ovate, colourless ; motion 
mpid. Among fresh Confervte. 1-2400" 

M. hyalina. — Ovate, colourless ; ac- 
tive, and seems to leap or jump. In stale 
water in glass vesseds. 1-6000" to 1-2880' '. 

M. ffliscens. — Ovate, colourless ; mo- 
tion gliding. In infusions of the sting- 
ing-nettle. 1-4500". 

M. ovalis. — Oval, colourless ; motion 
tremulous. In water from the Anodonta 
Mollusca. 1-9000". 

Mica. — Oval, colourless; rotary 
and vacillating motion. In clear fresh- 
water. 1-1440" to 1-1200". 

M. Pimclum. — Egg-shaped ; revolves 
on its longitudinal axis (xviii. 2) ; the 
lower figure exhibits one iindt^rgoing 
longitudinal division. In water with 
tannin. 1-1150". 

M. Semvu. — Large, green, rather obo- 
vatc, subcompressed; anterior end di- 
lated, rounded ; posterior attenuated ; 
oral aneilure (!) triquetral beneath tho 
frontal portion; vibrates by numerous 
cilia (!). Length 1-48"'; motion vacil- 
lating, slow ; a central, hyaline, siibglo- 
bose gland ; ovules large, green, ovate. 
It readily shows by dillltieiico the ova, 
gland, and bacillary spicula. Frontal 
end exhibits rugae extending from tho 
mouth. With decaying Sphagnum from 
marshes, Berlin. Surely this organism 
is not a Monad. 

B. — ^Elongated Monads. 

M. cylindi'ica. — Solitaiy, elongated, 
colourless ; motion revolving. In salt 
water. 1-1160". 

M. Okeiiii. — Elongated, red; motion 
revolving, vibratory, social. In running 
water. 1-2300". 

M. deses. — Conical, green, solitary. In 
water from hills. 1-1200". 

, M. socialis. — Conical, colourless, so- 
I cial. In water-butts. 1-700". 

* M. yiavtcam. — Top-shaped ; social ; 
motion gliding, inditen-water. 1-1720". 

M. simplex. — Spindle-shaped ; colour- 
less ; motion gliding and rotary. In 
wat(jr of the Nile, and at Berlin. 1-1720". 

M. inanis. — Fusiform, colourless ; mo- 
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tion vacillatinff. In stagnant and foul 
water. 1-3600". 

M. scintiUam. — Fusiform, very active ; 
motion vacillating. Amongst fresh- 
water Oonfervse, &c. 1-6000' ' to 1-4600". 

M. IhimaliL — Of a deep red colour ; 
in vast numbers in the saltmarsh-water 
of tlie Mediterranean, to which they 
give a deep blood-colour. Discovered 
by M. Joly. 


M. prodigio%a . — A very minute red 
Monad, so named by Ehreuberg from 
its surprisingly rapid development. It 
is this animmcule which htis produced 
the blood-like spots occasionally appear- 
ing mysteriously on bread and other 
farinaceous substances, and which have 
ever been a cause of terror to the super- 
stitious. Cohn assei'ts this organism to 
bo a VihriOf and not a Mtnias, 


Being desirous of making this manual as complete as possible, the following 
species, described by M. Dujardin, are inserted ; but it may be that some of 
them refer to Monads already characterized, but differently named. 


M. Lens (xviii. 10, 21). — Bounded or 
discoid; surface in appearance tuber- 
cular. 1-6200" to 3-6200". This spe- 
cies, one of the most frequent in animal 
or vegetable infusions, has been recog- 
nized by most of the ancient microgra- 
phtirs. It sends out obliquely a llagel- 
lifonn iilanieut, three, four, or even five 
times os long as the body, and mobile in all 
its length. Probably =M. Gnttula 

M. coneam, — Circular, concave on one 
side, thin in the ctmtre, margin tumid ; 
filament long, moveable throughout. In 
marsh water, Toulouse. 1-2080". 

Isl, (jhibulosa (win. 17). — Globular; 
form mostly constant; compressed at 
origin of filament; more globular than 
M, Lem, audits surface smootli. In sea- 
water at (^ette, France. 1-2000". 

M, elongata, — h^longate ; nodular, 
flexible, of variable fonu. 1-1200". 
In marsh -water. 

M. attenuata (xviiT. 10). — Ovoid, ta- 
pering at each extremity, nodular, va- 
ciiohe large and distinct, os is also its 
filament. 1-16(>0". 

M. ohlonga. — Ovoid, oblong, unequal, 
tubercular, hollowed by vacuolsc. 
1-3600". In vegetable infusions. 


M. nodostu — Oblong, irregular, nodose, 
tapering behind, truncate in front, fila- 
ment arising from centre of truncate ex- 
tremity. 1-2170". In sea-water at 
Cette, France. 

M. gihhosa. — Oblong, angular, irregu- 
lai’ly distended and gibbose; filament 
springing mostly from an anterior con- 
striction. Ltiiigth 1-2000". In infu- 
sions of gelatine. 

M. variam . — Oblong, naiTOwer in 
front, very soft, and variable in form. 
1-660" to 1-700". 

M. intestinalis , — Very elongated, form 
constantly changing, or one end rounded, 
the other tapering to terminate in a long 
filament ; motion undulatory. I-IGOO". 
Found in the excrement of a newt 
(Ti'iton pahnipes). 1 think this is one 
of the species of Bodo, described by 
Khrenberg as mat with in the intestines 
of frogs” (Duj.)- 

M. fiuida,^ — Soft, semifluid; form 
variable, iiTegularly ovoid, sometimes 
constricted posteriorly, hollowed by large 
vacuoles. 1-2600". 

M. comtricta, — Elongated, four or live 
times longer than brood ; constricted, 
often much so at the centre. 1-1300". 


Pertyhas distinguished the following Monadiform beings byspccific names: — 


Monas curvata , — A variety of M, 
Lens ; tapering posteriorly. 

M, iistcmoides , — Of variable form, often 
with one or two longitudinal lines, and 
a central vacuole. 1-1340". 

M. irregularis , — more or loss globular, 
sometimes with capillary or angmar pro- 
cesses; numerous dark internal mole- 
cules. 1-2000" to 1-1260". In ponds, 
Berne. 

M. pileatorum, — In*egularly oval ; 
pointed anteriorly; colourless; motor fila- 
ment short, scarcely 1-J times the length 
of the body; movement sluggish; nearly 
resembles M. sodalis. 1-1400". 

M. sHccisa. — Oval ; usually truncate, 


rarely pointed behind ; colourless, trans- 
parent, with largo vacuoles; filament 
twice the length of body; movement 
active and reviving. In water contain- 
ing decomposing Anodonta, and foul 
pond- water. 1-1800". 

M. cordata, — Cordate seen on 'one 
side, on another oval and truncate ; 
rounded anteriorly; hyaline or greyish 
from internal granules ; swims tmerably 
fast with an oscillating motion, and sel- 
dom revolves; occurs singly and not 
often; filament extremely difficult to 
see, more than double the length of the 
body. 1140" to 1080". In freshwater 
ponds. 
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M. urceolaris , — Very smelly urceolate, 
obliquely emarginate in front; colour- 
less, transparent, with scarcely an ap- 
preciable aiiferentiation of substance ; 
filament indicated by the movement 
produced in the water at the anterior 
extremity; motion slow. 1-2640". 
In brooks with Hysginum pluviaUs, ^ 

M. excavata. — Kound or oval, with a 
conspicuous speck in the anterior half; 
colourless, or occupied with amoiphous 
brownish or greenish matter ; filaments 
very fine, from 2 to 2J times longer 
than the body. Motion active, in a 
straight line, and rarely revolving. 
1-2100" to 1-1200". At Berne, in ponds 
among Cham. 

M. JRotulus. — Elongated, cylindrical, 
of a homogeneous pale-green colour; 


filament apparently short ; onward 
movement slow, although it revolves 
rapidly upon its long axis. 1-6000" 

I to l-ebO". 

I M. Farcimm. — Cylindrical, greenish, 
with red spots ; flexible ; onward move- 
ment ana rotation rapid. 1-1800" 
to 1-1080". 

M. HiUa. — Globular, or slightly elon- 
gate ; of a dusky-grec^ or brown colour. 
Lai'ger specimens at times present a 
clear areola around coloured contents, 
with vacuoles in the latter ; progression 
tolerably fast, turning more rapidly on 
the long axis. Length from 1-6000" to 
1-600". The three species last named 
approach very closely to sporozoids of 
plants. 


Fresenius has added the following species of Momis to the number already 
distinguished : — 


Monas trmvcaia. — Hyaline, colour- 
less; figure oval and rounded, truncate 
anteriorly, compressed; one larger and 
many smaller vacuoles often seen, the 
former near the middle. The truncate 
end supports two filaments, mostly on 
one side, equal to or rather longer than 
the body. Close beneath the anterior 
margin a small transverse corpuscle is 
mostly visible, of a faint gi'een nue, and, 
some way beneath this, a small contractile 
vesicle. A side view shows a slight 
hollow on the under surface. Swims 
without revolving, and mostly in a 
straight course. 1-160 to 1-100 millim. 
in diain. 

M. consociata. — Ovate, with one end 
tapering and trunk-like, and terminated 
by a filament more than double the 
length of the body. The proximal half 
of this filament often seems rigid, and 
only the distal or teiminal hal^ which 
is aifficult to .detect without the use of 
iodine, motile. Body and its corpuscles 
colourless ; among the latter is one pro- 
minent vacuole, not contractile. A mul- 
titude of these Monads occupied a trans- 
parent mucoid matter, which was not 


seen in motion. In still spring-water at 
Walldorf in June and July. It bears the 
nearest rcssimiblancro to Cercomonm 
ccUarts (PertyJ. 1-100 to 1-76 millim. 

M. Oherhamerii. — iV carmine-colourt?d 
Monad found in the sulphureous spring 
at Frankfort, allied to Monas Okenii 
(Khr.), and possibly the same as 67i/’o- 
matmni Weissii (f^erty). Cylindrical, 
rounded at each end, hyaline ; faintly 
carmine-coloured, with a variable num- 
ber of intensely crimson globules inter- 
nally. Some specimens, however, have 
only a homogeneous red colour. Trans- 
verae fission frequently seen. It rotates 
rapidly, and advances with a tumbling 
sort of movement, no doubt by means of 
a filament ; but this eludes observation. 
1-83 to 1-46 millimetre. 

M. hipimctata. — A much smaller 
species was found in the same glass with 
the preceding, having a red colour, an 
elongated oval figure, and a red point 
at pich end. Longer specimens were 
noticed with four such red points, which 
niight be in the act of fission. This 
form may be the same as the Monas 
rosea of MoiTen. 


Genus UVELLA (XVIII. 3, 4). — ^Well characterized by the aggregating 
together occasionally of the individual Monads, so as to form a grape- or 
mulberry-liko mass, and by their generally possessing two (?) hair-like fila- 
ments at the mouth. Like the Monads, says Ehrenberg, they are deficient of 
the projecting lips, visual organ, and tail, and have the mouth situated at the 
anterior extremity. They progress also in the direction of the longer axis of 
their body, and arc capable of complete self-division. Of the several species, 
three arc green, and the remainder colourless. 

This genus belongs to the Aggregate Monadina of Dujardin, and is thus 
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defined by him : — “ animals globular or ovoid^ having a single fiagclliform fila- 
ment, and living aggregated in spherical masses, freely moving about in the 
liquid.” He ^thor observes that isolated individuals are not at all distinguish- 
able from simple Monads, that there is no good reason to suppose them to Kvo 
iiltemately isolated and in masses — a circumstance therefore which cannot, 
according to Ehrenberg’s statement, bo employed to distinguish them from 
PolytOTKia, 

Busk describes an early stage of development of Volvo, v Spheerosira as 
constituting “ a species of the genus Uvella, or of Syncrypta, Ehrenberg ” 
{M, T, vol. i. p. 40). Again, Cohn (on Frotococciuf, Ray Soc, 1853, p. 559) 
iiuikes one of the multiform phtises of development of Pt'otocoeem pluvialisy 
“ when the zoospore is divided into thirty-two segments,” equivalent to a 
Uvella or Syncrypta, 

Perty, in his account of Uvella viresce7is, denies the existence of a common 
envelope, stating that when the water evaporates from around a specimen, 
the covciiiigs of each individual corpuscle coalesce, and give rise to the appear- 
anco of ii general investment around them. He adds, moreover, that at 
times the corpuscles are green, wdth a clear central stripe; at others, hyaline 
with a distinct green border, and some scattered specks ; and at others, again, 
h 3 'aline throughout. 

Hujardin describes only two species, viz. U. vireseeiis, and U rosacea = U. 
Glaucoma (Ehr.). Perty contributes to the list U, stUjmaUca, 


Uvella rirescem (Volvox Ulra, 1^1.). 
— Ovate, colour gruoii, occurs in dense 
clusters amongst (Jonfdrvjo and Lemni©. 
1-2000" ; diani. of cluster 1-280." 

U. ChanuBmomm . — Smaller than the 
preceding one. In water-butts. 
1-2880" ; diani. of cluster 1-570". 

U. Uva , — Has indistinct vesicles, and 
is very small. In stagnant water. 
1-4800" ; diani. of cluster 1-9G0". 

U. atomm (^Mouiis atomiis, M. Lem et 
Volvox social iSy M.). — Voracious, with 
large vesicles. 1-(MX)0" to 1-3400"; 
diam. of cliistiu* 1-1150". 

IJ. Glaucoma ( Volvox sodulis, M.). — 
Oval, inclining to conical ; as it advances 
in age the posterior extremity is attenu- 
ated, and an elongated outline is assumed. 
Hyaline, with large vesicles, and two 
evident filaments: individuals loosely 
aggregated. In 1831, Ehrenberg first 
observed a vibration at its anterior part, 
and its reception of coloured food. In 
1835, he discovered within the body of 
this minute creature some green Monads 


which it had swallowed. When fed on 
indigo, as many as twelve vesicles were 
filled, and it was sometimes seen to void 
little blue partiedes, like undigested 
matter, from its mouth. With a power 
of 800 diameters, a great number of small 
colourless gi*anules, which he called ova, 
were discerned lying between the nutri- 
tive sacs. Fission both transverse and 
longitudinal (xviii. 3, 4 : figures mag- 
nified about 350 diameters). In water- 
butts. 1-2300" to 1-2350"; diam. of 
cluster 1-430". 

TJ. Bodo , — Bounded in front, attenu- 
ated posteriorly ; colour a beautiful 
green. In stagnant water. 1-4030" to 
1-3450"; diam. of cluster 1-2360". 

U. stiymalica (Perty). — Corpuscles of 
a unifoim sea-gi’een colour ; each with 
a very fine red stigma. • They are also 
somewhat broader than those of U. 
rircscens, and have a more decidedly 
hyaline and apparently crenulated enve- 
lope. At Berne much rarer than U, 


Genus MICBOGLENA (XVIII. 0). — Characterized by the presence "of a 
minute red eye-like speck at the anterior part of the body. In other respects 
the species resemble tnie Monads, having a very delicate filament, no pro- 
jecting lips and tail, and swim in the direction of the long axis of the body. 
They multiply by complete self-division. Two species only are known — ^the 
one yellow, and the other green. 

Michoglkna punctifera {Enchelys Eye-speck red with a blackish central 
punctiferay M.). — Yellowish, oval, or al- spot. Among slimy-water plants. 1-620". 
most conical ; posterior extr(*mity acute. M. monaditm , — Of a beautiful green ; 
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form oyate^ rounded equally at both ex- 800 diameters, exhibiting the internal 
tremities; red stigma; filament distinct, organization as represented by Ehren- 
nearlyaslongasitsbody; motion vibrat- berg.) Among slimy- water plants 
ing, rotary on its long axis, (xviii. 6. (Hampstead and Finchley). 1-2300" 
Three animalcules magnified, the first to 1-720". 

Genus CHLORASTER. — Solitary, without tail ; mouth terminal ; with a 
frontal ocellus or eye-speck ; central portion of body with radiating rows of 
raised points (verruem). It is allied to the genera Olemrnorum and Phacelo- 
monaSy but differs from the former by being solitaiy (not clustering), and by 
the greater number of filaments, and from Phacehmoms by having fewer 
filaments. 


Chlob ASTER gyram* — Green ; central acute ; central rays of puncta four, 
part of body fusiform; extremities Filaments from 4 to 5". 1-632". 


Genus PHACELOMONAS. — Filaments numerous (8-10) around the mouth. 
In other respects it resembles Microglena : it has the small red eye, the trun- 
cated mouth at the anterior extremity, but is without a tail. It swims 
in the direction of the longitudinal axis ; and its self-division is simple and 
complete, but not constant in occurrence. Many vacuoles are seen within 
the body, but they have not been noticed to admit coloured food. This genus 
has not been figured by Ehrenberg. 

Phacelomonas Pukisculiis (Monas when dying it changes to a globular 
pulvisculuSf M.). — Figure oblong or shape. In swimming, it turns quickly 
slightly conical, attenuated posteriorly ; upon its longitudinal axis, without any 
of a beautiful green colour. Just pre- vibration. In green puddles. 1-1152". 
vious to self-division, its body becomes Ph. Bodo (Stein) = UreUa Bodo (E.). 
cylindrical, then contracts at the centre ; 


Genus GLENOMORIJM (XVIII. 7). — Characterized by having a single 
red eye-speck, a truncated mouth, and two filaments ; tail absent. Self- 
division simple and complete ; their clustering is voluntary as occasion may 
require, and gives them the resemblance to a bunch of grapes. They swim 
in the direction of their long axis. 

In this enumeration of the characters belonging to this genus, we arc pre- 
sented with an excellent illustration of the table (and one that exceedingly 
well explains its use), under which all the genera of the family Monadina arc 
so arranged as to exemplify in what respects they arc alike, and in what they 
differ from each other. For example (see Tabic, p. 487), Glenomorum 
closely resembles Uvella, but differs from it by the superaddition of the red 
stigma ; it differs from Monas and Microglena in occasionally aggregating ; 
from Chiloniomts, in being deficient of the projecting lips ; from Bodo, in not 
having the tail; from P7iace7omonas, by the double proboscis ; from Doxococcus, 
by swimming instead of rolling over or revolving in the water ; and from 
Polytoma, by never appearing in clusters whilst undergoing self-division. 


Glenomorum tingvm (xviii. 7). — 
Fusiform, three or fom* times longer than 
broad, of a beautiful ^cen colour, with 
double, exceedingly delicate proboscis 
about half the length of its body. Inter- 
nally ore some small whitish vesicles, 
and the minute granules which g^ve rise 
to the green colour. About the centre 
of the body is a large transparent colour- 
leM organ, the nucleus. The beautiful 
red eye-speck i.s placed about ono-third 


from the anterior extremity of the body. 
These animalcules constitute a great 
portion of the green matter commonly 
seen on stagnant w’^ater, and discovered 
bv Priestly They appear to be nearly 
allied to Uercana vvridis, from which 
they differ only in magnitude and in 
the unalterable form of their bodies. 
Plentiful at Hampstead. Size 1-3600" 
to 1-1700". 
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Genus DOXOCOCCUS. — ^The Monads forming this genus differ from all 
others of the family Monadina by the singularity of their motion, which may 
be defined to bo neither that of swimming nor of rotation, but a sort of roll- 
ing over and over. In other particulars they are like other Monads ; they 
have the same unvarying form, and are destitute of the eye-speck, project- 
ing lips, and tail ; and self-division is simple and complete. Four species arc 
known. 

Doxococcus Globulus, Siibgloboso 
or ovate; transparent as water; easily 
known by its tedious rolling motion; 
mouth not discerned. In salt water. 

1-8G0". 

D. ruher (xauti. 8). — Brick-red, glo- 
bular, and opaque. Fhrenberg appears 
to doubt w’h ether this animalcule be- 
longs here (though its motion is veiy 
peculiar) or to tlic genus Trachelomo- 

Genus CHILOMOXAS (XVIII. 14, 18). — Characterized by the obliquity 
of the mouth Avith respect to the longitudinal axis of the body, which occasions 
a projection above the mouth of a lip-like appearance. Motion in the direction 
of the long axis of the body ; form invariable ; devoid both of eye-speck and 
tail. Whether the projecting lip is furnished with cilia, or with a double 
filament, Ehrcnberg has not satisfactorily determined, except in the case of 
C. Farameciumy in which he states two filaments are to be clearly seen. On 
G, destruens there arc a number of indistiniit cilia. Self-division is simple and 
complete. 

Bujardin’s characters of this genus are, ‘‘Animals with an ovoid, oblong 
body, obliquely notched in front, with a very slender filament proceeding from 
the bottom of the notch. Movement from before backAvnrds, on its centre. 
It is Avith doubt that I refer the Infusoria I thus name to the genus Chilo-- 
monas of Ehrcnberg. The mode of insertion of the filament behind a pro- 
jecting lip-like portion, approaches the animals to the Eu</lence and to certain 
Thccamonadina ; but I cannot discoA’cr any trace of an integument, either 
contractile or resistant.” 

Chilomonas Volrox, — OA-ato, attenii- ing manner. It sometimes clusters. In 
ated and truncated anteriorly, trans- water wherein wheaten bread has been 
parent and colourless ; prmecting lip steeped. 1-1020". The colourless va- 
long; Avill feed on indigo. In stagnant riety of this species is enumerated by 
water. 1-1440". Verty as one of the many forms of his 

C. Paramveium (xauii. 14). — Oblong Cryptomonas polymoi'pjia^ 
or ovate, wuder at one end than at the C. Oblong, but variable in 

other, keeled longitudinally ; colour like form, on ac,count of its softness, nearly 
that of dirty water. The contained gra- colourless or faint yellow. In salt and 
nules have the reaction of starch. At the fresh water, and in the bodies of dead 
ostcrior end a clear nucleus with a red- Rotatoria, e. g. Amtrmt folimea and 
ish halo may bo observed ; and at the Monocerca JRattus. 1-800". 
anterior is areddish vesicle, probably con- . C. yranulosa (xviii. 18).— ^Co- 

troctile. It refuses coloured food. This j lourless, oblong, larger anteriorly, al- 
animalcule is easily distinguished by its | most invariable in form, although of gc- 
shape and peculiar lip-like process. With ! latinous consistence ; filled Avith gramdos 
a power of about 240, numerous vesicles j which seem to project from its surface ; 
are visible, and with 380 the two fila- filament very fine, arising from an ob- 
ments, which are half the length of the liquo notch. 1-940" to 1-850". 
body, and proceed .from a sinus in the C. ohliqua , — Ovoid or pyriform, no- 
Avider end. It moves in the direction of dular, of variable form ; the filament la- 
its long axis, in a fluctuating or waver- teral. 1-2G00". 


ntts ; and ho has not been able to satisfy 
himself of the existence- of a lorica. 
Amongst Confcrvie, &c. 1-1720". 

1). Pulvisculm, — Green, perfectly (.P) 
globular, and opaque. Amongst Con- 
ferva). Not exceeding 1-1280". 

D. inoqtmlis, — Irregularly globular, 
transparent, and covered with green 
spots. Amongst Conforvm. 1-2400". 
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Genus BODO (XVIII. 9). — The caudal appendajg^c at the posterior extremity 
of tho animalcides is a decisive character of the genus ; mouth terminal, fur- 
nished with a (single ?) filament ; self-division simple and complete ; eye- 
speck absent. They never constitute true or perfect clusters l^e some of 
the family Monadina, although, like Uvella^ they occasionally aggregate. In 
B. grandis, several vacuoles have been observed, and (as also in B. {vUestinaUs) 
a simple (perhaps double ?) filament. B, dichjmus has been known to divide 
transversely. 

This genus Bodo partly comprehends the genera Hexamita, AmphimonaSy 
and Cercomonas of I)iijardin, which are, with others, introduced as addenda 
to this family Monadina. Dr. Burnett has made the following very correct 
and just remarks on this genus Bodo and its division into species : — 

“The tailed Monads or Bodos are found in tho intestines of the common house- 
fly or in those of the frog. Those from the fly, when first seen, resemble in shape 
a kernel of rye, and are about 1- 6000th of an inch in breadth, and 1 -2000th 
in length. Attached to the body is a delicate hair-like tail, four or five times 
its length. By the addition of water, tho body enlarges by endosmosis, as- 
suming a perfectly spherical shape after passing through all the intermediate 
ones, so that, when magnified by the highest power of Spenser’s microscope, 
it is nearly one inch in diameter, permitting the most thorough and satisfac- 
tory study of their structure, which I find, after repeated observations, has 
no peculiarities except those belonging to cells. It is a closed cell sac, with 
a filiform caudate process, and capable of the actions of cell-membranes, viz. 
endosmosis and exosmosis. In the-^interior of this sac are found sometimes 
a few granules and sometimes a nucleus. 

“ In the Bodos of the frog, which arc larger, I have scon distinctly, in some, 
a nucleus with a nucleolus, in others two nuclei, and in others still, four 
nuclei of equal size, thus showing that here the multiplication of cells takes 
place, as clsewliere, by segmentation of the nucleus. 

“ Apart from these characteristics, which are insufficient, the fact that I 
have sometimes met with them in the interior of epithelial cells, would be 
strongly presumptive of their cell origin from minute granules that pass 
through the cell-walls. Tho representatives of the genus Bodo therefore 
appear to be simple cells, each with a filiform appendage for locomotion, and 
which locomotion, therefore, can have no adaptive character. 

“ There arc differences in them as they may be taken from different locali- 
ties ; but, because these particles arc cells capable of much change by dilata- 
tion and contraction, these differences can never serve as the basis of species, 
which would also be true from the fact that, having no individuality of their 
own, there is pccessarily no absence of type characteristics.” 


Bodo intestinalis (xviii. 9). — Almost 
conical, transparent, and colourless ; tail 
of equal leng^ with the body. Found 
in several living animals, suem as frogs 
and toads. Amongst the watery mucus 
of the alimentary canal Ehrenberg has 
observed great nimibers of these crea- 
tures, and remarks that the Cet'caria 
Gyrinus of Miiller (a different animal- 
cule) might pass as a representation of 
this species, and that it was confounded 
by its discoverer with Spermatozoa. 
1-1720”. 

B. mnarMm(= Cercomonan JRanarum, 
Perty). — Body turgid, ventricles indi- 
stinct. In live frofrfa, witli the prcr«»ding 


species, and with the Bursaria ranarum. 
1-1440". 

B. viridis, — Green, nearly globular ; 
tail very short. Amongst Confervse. 
1-2400”. Perty believes this species to 
be merely the young of Buglma viridis, 

B. socialis (^Monas LmiSy M.). — Ovate 
or subglobose ; tail often longer than the 
body ,* transparent and colourless. Clus- 
ters in a mulberry shape. Single forms 
are sometimes observed hopping. Com- 
mon in stagnant water. 1-2970”. 

B. vorticellaris Cet'comonas, Perty). 
— Body three times as long as it is 
broad ; tail verv short. In fresh water. 
1 - 11200 ”. 
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B. didymm» — Generally constricted 
about midway, tail short. 1-9600". 

B. aaUam , — ^Very small j body with 
ample ventricles; tail short. This 
creature, most probably from its small 
size, has been mistaken for Miiller*s 
MimmTemxo ; but its brisk leaping move- 
ment will sufficiently distiiiKuish it. 
1-1200". 

B. grandis, — Oblong ; vesicles ample ; 
tail rigid, setaceous, affixed to the abdo- 
men. In stagnant water. 1-864". 
Lachmann states that an animal which 
was probably Bodo ffrandis, but might 
have been an Astasia, devoured Vibrio 
of two to four times its own length, 
and in this way acquired the most 
extraordinary forms ; the mouth was 


close to the insertion of the flagellum. 

B. ostrea (Pritchard). — Globular ; the 
anterior three-fourths occupied with ve- 
sicles, the rest h^^aliiie ; length of tail 
four times the diameter of body. This 
active creature was discovered in the 
liquor of an oyster, swimming freely 
among the ova (Sept. 1834). Diani. 
1 - 2000 ". 

B. ? Mastix (Ehr.). — Obovate, turgid, 
smooth; terminal seta flexuose, acute, 
exceeding some two or three times the 
length ot the body. Length 1-48'" to 
1-30'", with the filament 1-20'". The 
filament trails behind ; motion slow, not 
leaping. This is the largest form of Bodo 
observed by Ehrenberg. Found about 
Sphagnum. 


The following genera, named and described by Dujardin, arc introduced 
into his family Monadina : — 

Genus CYCLIDIUM (D.) (XXVT. 14, 15). — Body discoid, compressed, or 
lamcUifonn, scarcely variable ; the filament thicker and more rigid near the 
base than that of Monas, the free extremity only being moved. 

This genus is as yet but artificial, and indeed provisional ; for true Monads 
perfectly developed may possess a filament with a thicker base, and, again, 
the constant outline of the body may be the consequence of the presence of 
an integument — in which case the animalcules in question would be referable 
to the family Thecamonadina, Movement slow and uniform. 

It is to be regretted that Dujardin uses this generic name, as Ehrenberg 
previously employed it to designate certain ciliated animnlcules which cor- 
respond but partially with those of Dujardin. Indeed this naturalist ob- 
serves that the genus Cyclidium (Ehr.) contains Monads also, and very 
probably some of those to which I have applied the same ‘ generic ’ name.” 


Cyclidium nodulosmn (Duj.). — 
Flattened, discoid, with rows of nodules 
and vacuoles ; movemout extremely 
slow. Length 1-6200". In water from 
the Seine. 

C. ahscissum (Duj.) (xxvi. 16). — 
Membranous, lamellifomi, truncated 
posteriorly ; filament rigid ; movement 
slow, regular. 1-1040". 

C. crassum (Duj.). — Oval, thick, and 
rounded ; filament thickened at its base 
and rather sinuous; movements more 
active, zigzag. 1-1090". Length of fila- 
ment 1-600". 

C. distartum (Duj.l (xxvi. 14) ( = 
Spiroinonas volubilis, Perty). — Oviu, flat. 


nodular, irregularly bent, with a tumid 
border. 1-1800" to 1-800". 

‘‘This species is perhaps only one phase 
of development of Mimas Letis ; it was 
found in Seine water liept during three 
months. When young it has the fonu 
of a disk, with a tumid and nodular 
margin ; when, however, it has grown 
larger, it becomes twisted upon itself, 
and its movements irregular. Some in- 
dividuals oflered a certain allinity with 
the Trepomonads, which favours the 
opinion alreacW advanced, that the ma- 
jority of the Monadina are but modifica- 
tions of one or of several types." 


Genus CEllCOMONAS (D.) (XVIII. 11, 12, 20, 22, 23).-~Body rounded 
or discoid, tubercular, with a posterior variable process in the form of a tail, 
of greater or less length and fineness. 

The Cercomonads differ from the Monads by the posterior prolongation^ 
which serves, by the adhesion of its extremity, as a point of support : it occurs 
either as a very fine thread or contracted into a small tubercle ; it is some- 
times nearly as fine as the anterior filament, and susceptible of an undulatory 

2 K 



498 


SYSTEMATIC HISTOBT OF THE 1XFT7SORIA. 


motion. I have not unfrcquently witnessed the transition of Monads to the 
condition of Cercomonads. 

Wo may conclude that many of the animalcules described in the genus 
Bodo (Ehr.) are examples of this genus {Cercomortm, Duj.), although suffi- 
ciently marked characters are wanting in order to discover specific identity. 


Cercomonas detracta. — Discoid or 
oblong, granular, with a thick tail. 
1-7000" to 1-2300". 

C. cntssicauda. — Elongated, nodular, 
flexible, or variable in form, more or 
less contracted posteriorly into a tail. 
1-3400" to 1-2(500". 

C. vindis. — Ovoid, oblong, tubercular, 
green, prolonged posteriorly into a tail 
of varying tenuity, or into a rounded 
lobe or spathulatc expansion. 1-16(X)". 
I'erty believes this to bo no other than 
an early stage of development of Biigkna 
viridis, 

C. lacryma, — Globular, unequal, elon- 
gated posteriorly as a long flexuose tail. 
Length of body 1-5200" to 1-3(X)0" ; of 
tail 1-2000" ; of filament 1-750". 

C. acuminata (xviii. 20).— 41 lobular or 
ovoid, contracted posteriorly into a short 
tail, terminated by a very fine filament. 
1-2600" to 1-1900". 

C. Ghhulm (xviii. 23). — Globular, 
with a filament at each extremity double 
its length, the anterior one more actively 


moved. Ijength 1-2600". In marsh- 
water. 

C. longicauda (xvra. 22). — ^Fusiform, 
flexible, terminated posteriorly by a long 
and very slender flexuose filament. 
1-1800". 

C. fusiformis. — Dilated at centre, con- 
stricted in front, and prolonged behind 
into a long delicate tail. Length of body 
1-1900". 

C. cylindrica, — Elongated, cylindri- 
cal, constricted posteriorly, terminated 
by a long, straight, and very thin tail. 
Length of body 1-2600"; of tail the same. 

C. truncata (xviii. 12 a, b). — Con- 
tracted posteriorly; truncate in front, 
with a mament springing from each of 
the truncated angles ; the posterior 
angle extended more or less into a 
lobe. 1-3000" to 1-1900". 

C. lobata (xviii. 11a, 6). — ^Variable in 
form, tubercular, sending out a flagelli- 
form filament from the end of an ante- 
rior lobe, and emitting also one or two 
other lobes. 1-3250" to 2-3260". 


It is right to mention that Dujardin has noted the occurrence of several of 
the above Cercomonads in organic infusions, in conjunction particularly with 
Monas Lens, and that he inclines to the idea that these differently-named In- 
fusoria arc merely different conditions of the same animalcule. 

Perty adds the following species : — 


C. intestinalis. — Has a posterior vi- 
brating filament, and probably an ante- 
rior one also. Internal molecules very 
fine; body transparent; posterior fila- 
ment about three limes the length of the 
body. Is common in the intestine of the 
frog, and is in part equivalent to Bodo 
intesbinalis (E«). 1-3000". 

C. curvata. — Cylindrical, curved, with 
an anterior and a posterior filament. In 
some specimens apparently two fila- 
ments occurred in front. 1-2400". Very 
active ; occurs among the ova of the 
frog (72awa tamporaria), 

& vortievUans—Bodo sodalis and B, 
vorticcllaris (E.). 


C. Ranarum^Bodo ranarum ? (E.). — 
Colourless, soft, more or less conical; 
tapering or rounded behind, but without 
posterior filament. In water with Mol- 
tusca, and in the intestine of frogs. 

C. clavata. — Colourless or greyish, 
thickened anteriorly, tapering poste- 
riorlv, club-shaped ; motion rather 
quick ; periphery clearer than the 
centre. 1-570". 

C. Falcula, — Colourless, transparent, 
compressed and curved (P), much 
widened in front, truncate and emar- 
ginate ; posterior portion tapering to 
a blunt apex : movements sluersrish. 
1-720". 


Genus AMPHIMONAS (Duj.) (XVIII. 13). — ^Animals of variable, irre- 
gular form, having at least two ffiaments, of which one is either in front, and 
the other on one side, owing to a constriction of the body, or both are lateral, 
and accompanied or not with a caudiform prolongation. The leaping move- 
ments of A, caudata are remarkable, and the variability dn form is charac- 
teristic of each species. 
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Amphimonas dispar 13 a; 6). — 

Oblong, of very variable fonn, one or other 
end constricted, or prolonged laterally 
into two filaments. 1-3600" to 1-2900". 
Movement active, jerking. 

A. caudata . — Of very variable form, 
mostly depressed, tubercular, convex on 
one side, angular on the other, with a 
filament proceeding from the summit of 
each angle. 1-2180" to 1-1300". 

“ This species seems to me,” says Du- 
jardin, ^^to be allied to the Bodo saltans 
of Ehrenberg. In every example, I saw^ 
two fiagoUifonn filaments, one from the 
anterior, the other from the lateral angle j 
a caudifonn prolongation, obtuse or drawn 
out as a tliim filament, often adhered to 
the slide.” 


I A. brachiata . — Under this name Ls in- 
dicated an animalcule of the family Mo- 
I nadina, which Duiardin only once met 
with, of an ovoid or pyriform shape, 
filled with granules, and giving off from 
its narrower anterior end a simple fiexu- 
ose filament, tojjether wdth a variable 
dilated lobe emitting two other fila- 
ments having an undulatory motion. 
The animal progressed by leaps, revolv- 
ing at the same time. 

A. exilis (Perty). — Colour soft grey; 
figure wedge-shaped, oftentimes emar- 
ginate anteriorly j filamc^nts two, twice 
the length of the body, colourless ; mo- 
tion oscillating. 1-2000”. 


Genus TEEPOMONAS (D.) (XVIII. 10 & 27). — Body compressed, thicker 
and more rounded posteriorly ; its anterior extremity presents two thin lobes, 
bent to one side and each terminated by a flagelliform filament, which pro- 
duce an active whirling and jcrldng movement. 

The examples of this genus arc very common in all collections of marsh- 
water containing decomposing jilants, but are most difficult to determine, 
owing to the irregularity of their form and the rapidity of their movements. 
I have rather glimpsed than certainly detected their flagelliform filaments, 
and have in vain attempted accurately to delineate them.” 

Tbepomonas agilis (xviii. IG, 27). — Body granular, unequal. 1-1300". 

Genus HEXAMITA (I).) (XXVI. 1). — Animals with an oblong body 
rounded in front, constricted and bifid or notched behind. Two to four fila- 
ments extend from the anterior border ; and the two posterior lobes are pro- 
longed as two flexuose filaments. 

This genus, characterized by the number of its motor filaments, appears 
sufficiently distinct from the preceding. Its species occur in decomposing 
marsh-water and in the intestine of Batrachians, but not in artificial infu- 
sions. 

IIexamita nodtdesa (xxvi. 1). — Ob- 
long, with three or four longitudinal 
rows of nodides, the two lateral of which 
are extended into tapering slender lobes, 
each terminated by a filament; move- 
ment vacillating. 1-1.300" to 1-1600". 

H. injlata, — Oval oblong, rendered 
almost quadrangular by the processes 

Genus HETEROMITA (D.) (XXVI. 5 ; XVIII. 26).— Body globular, 
ovoid, or oblong, with two ffiaments extending from the same point in front 
— one slender, undulating, and producing an onward movement, the other 
thicker, stretching posteriorly, and free, or contracting adhesion with the glass 
slide along which it moves, so as to cause a sudden movement backwards. 

“ The several sections of the Monadina, together ■with the Thecamonadina 
and the Euglense, contain Infusoria possessing two filaments, by one of which 
they progress, by the other adhere for support to any solid body, and produce 
a sudden movement backwards by its contraction. To prevent confounding 
specimens of these several families, the same distinctions which mark the 

2x2 


which give ongin to tho filaments. 
1-GOO" to 1-1300". 

II. intestinalis. — Fusiform, prolonged 
into a bifid tail. Very common in tho 
abdominal cavity of the Ba1!t'achia (frogs 
and newts). It moves in a straight lino, 
oscillating from side to side. 
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Monadina generally, must be found in order to constitute the Heteromita 
members of that family, — such as the absence of integument, the gelatinous 
appearance of the entire mass admitting of agglutination to other objects, 
and the drawing out of its substance into filamentous processes, together with 
the existence of certain corpuscles, which can only have penetrated the inte- 
rior as a consequence of the formation of vacuoles at the surface (Duj.). 

Hetehomita omta (xxvi. 6). — II. tmgusta, — Narrow, lanceolate. 
Ovate, nan'ower anteriorly, containing slightly bent, tapering at each end, with 
vacuoles, granules, ana Naviculie. a nagellifomi and a second filament from 
1-1050" to 1-1150". the same point anteriorly, erect at the 

This is probably the Bodo grandis of base, but floating freely the rest of its 
Ehrenberg. Ilis other Bodos are not length. 1-1060". 

ffet€rofmt€e, but imperfectly-observed This is a doubtful species ; it is of the 
Cercomona^ or Amphimonaas. shape of a^ lanceolate leaf, with a mid- 

H. Granulum. — Globular, surface gra- rib or longitudinal fold, 
nular. 1-2600". In rather putrid sea- 
water. 

The following species are from Perty’s work : — 

H. pusilla, — Colourless, very delicate, like Amphimonas dispar ^ in which, how- 
cylindrical or Euglena-like in figure, ever, both filaments are equal. In ponds 
constricted at the centre, often cmargi- at Thun. 

nate posteriorly ; filaments 2 to 2 J times II. exigua . — Oval or spheroidal, co- 
longer than the bodyj movements in- lourlcss; filaments about three times 
active, oscillating ; few fine granules in- the length of the bod}'^ ; movements in- 
ternally. 1-3000" to 1-2160". Allied active. 1-7000" to 1-4800". In turf- 
to, but smaller than, H. angmtaj and hollows on the Bernese Alps. 

Genus TRICHOMONAS (D.) (XVni.28), — Body ovoid or globular, capable 
of being drawn out when adherent, and in this way presenting sometimes a 
caudal prolongation. The anterior flageUiform filament is accompanied with 
a group of vibratile cilia. 

TmcHOMONAS vaginalis. — Gelatinous, turning on its axis. 1-1730". Found in 
nodular, unequal, hollowed by vticiioles, the intestine of lAniax agrestis, 
often adhering to other bodies j move- T. J?o^/’ocAjorwm(rerty)(xvin.28flf, 5, 
niont oscillating. 1-2600". c, ft). — Widely oval, at times slightly 

T. lAmacis. — Ovoid, smooth, pointed emarginate in front, mostly with a keel 
at each end, and terminating in front by along the back, colourless, and 8 to 10 
a flageUiform filament, from the base of cilia on the left side; resembles T. 
which a row of vibratile cilia is directed lAmacisy but is more finely granular, 
backwards ; progressive movement act- 1-2400" to 1-1300". 
ive, the animalcule at the same time 

Genus ANTHOPHYSA (T).) (XXVI. 2). — Animals ovoid or pyrifom, 
furnished with a single flageUiform filament, and collected in clusters at the 
extremities of a branching stem, or polypidom, secreted by themselves; clusters 
when detached resembling those of UveBa. 

The tree-liko polypary is brown at the base, but clearer and even dia- 
phanous at the termination of the branches, which appear nodular. The 
gBOups of animalcules arc easily detached from the stem, and then commence 
a rotatory movement by the action of the filaments of each individual in the 
group. Detached solitary animalcules move like the common monads with a 
single filament. The branching support, at first soft and gelatinous, becomes 
by degrees more consistent, brown, and of a homy character, appearing to 
partake no longer of the vitality of the animalcules. 

A. MYiUeri was erroneously placed by Ehrenberg in the genas Epistylis, 
among the Vorticellina, and called E. vegetans. 

The delicate branched fibre or stem has been considered a microscopic 
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fungus^ and been nomod by Kiitzing Stereomma, Upon this view, the 
monadiform beings crowning the summits of the branches have been con- 
ceived to represent tho spores. This opinion has been careftilly investigated 
and rejected by Cohn {Entwick. d, mihroshoj^, Algen Pilze, pp. 114-115), 
who confirms Dujardin’s description, and regards it as a stalked Uvella, 

Anthophysa Mullen, — With tho monadiform beings, looking like so many 
characters described. short hyaline fibres. Each monad con- 

A, solitaria (Boiy). — species was tains a comparatively laige non-con- 
described under this name by lloryde St. tractile vacuole having a red refraction, 
Vincent, and is again brought to notice and is fmnished with a filament at its 
by Fresenius, who met with it in some free extrenuty. Length of monads 
standing water with Salvinia, The 1-100 to 1-75 millim. Tho fixed stem 
stem is simple (not branched), and has can bend itself from side to side. In 
a clear^ outline to its extremity. Its one specimen a contractile vesicle was 
length is from 1-26 to 1-8 millim.; and sceninoiioofthe monads. This organism 
in water it has a clear brownish-green appears to be precisely tho same as tho 
colour. Its apex is surmounted by tlio Epistylis Botrytis (Ehr.), 

Genus PERONIUM (Cohn), represented by one species. 

Peronium acimlare has been newly consists of a delicate colourless fibre siir- 
described by Cohn {Entwick, &c. p. 168) mounted by a globular bead, which re- 
as a form allied to Antiuiphysa, It is solves itself into numerous swarm-cells 
parasitic on tho spores of Pibdariaf and of a monadiform character. 

Tho two next genera arc named by Wernock {Monatshericht der Berlin. 
Akad, 1841, p. 377), and thus briefly described ; — 

Genus ANCYIlIUM = Enterodclous Bodos (i.e.y according to the nomen- 
clature of Ehrcnbcrg, Bodos furnished with an intestinal tube) with a 
moveable setaceous foot. 

The existence of an alimentary tube (so supposed) removes tho Bodo 
yrandis and the six alliod species (« . e. tho genus AmyHum) far above the 
Monadina of Ehrenberg, whilst tho possession of the setaceous foot also indi- 
cates a higher organization. 

Genus EIIETES= Loricated Phacclomonads. 

The foUoAving arc the now genera of Monadina instituted by Perty : — 

Genus TETRAMITUS (Perty) (XIX. 3). — Figure conical, tapering pos- 
teriorly, and having four vibratory filaments in front. Ilexamita differs in 
having in addition two posterior filaments. 

Tetramitus descissus (xrx. .3). — prominent angle or beak. Smallest 
Wedge-shaped, curved, truncate ante- specimens 1-7000", the largest 1-1080" 
riorly, and colourless or polo grey. Sur- in length. Bern. In stale pond-water, 
face marked by cross-lines. Movements Freseiiius describes it as rather pyrifonn, 
tolerably active and oscillating. Fila- tmneate anteriorly, with a short Irunk- 
ments nearly twice the length of the like process from one side ; elongated and 
body. 1-1860". pointed behind. A vesicle (contractile ?) 

T. rostratus, — Colomiess, with an an- at the anterior extremity, 
terior border; one side elongated as a 

Genus MALLOMONAS (Perty) (XIX. 4-6). — Body oval, elliptic, or discoid, 
with brown or greenish contents. Surface covered with long motionless 
hairs. A single filament anteriorly, double the length of the body. 

Mallomonas Plosslu (xix. 4-6) of the hairs ; these are commonly 
(formerly described ns M. acaroides ). — longer on the posterior half. Contents 
Mostly oval ; the smaller end anterior ; sometimes seen longitudinally or trans- 
rarely elliptic or discoid ; the periphery versely divided. Movements rather 
apparently crenulatcd — an appearance nmid, but rarely attended by a rotation 
probably duo to the points of insertion of the body. In one examplo the hairs 
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seemed terminated by a knob. It is not placed laterally either lie along the sides 
inmrobable that Pantotrichum Enchelya pretty closely, or stand out at a greater 
(EL) is also a member of this genus, or less distance, and appear concerned 
1-1440" to 1-900". Bern. In ponds, chiefly in changing the position. The 
— A variety {M. epilis) occurs, hav- two most in advance seem to have tho 
iiig the hairs short or actually absent, character of feelers. A clear vacuole 
although covered with little nodules was sometimes seen in the middle of the 
which servo as bases for hairs. Frese- dusky-green contents. A few small, 
nius has noticed this organism. He contractile, optically red specks have 
adds, tho ends are often pointed. The also been observed. 1-720"' to 1-444"'. 
hairs or bristles are long, and tolerably lYeseniiis considers it ought to be re- 
numerous — as many as 30 have been moved from the Monadina; and Perty 
counted, placed at ml parts of tho peri- is himself unable to decide whether this 
phery. 'fhe anterior setiform hairs are genus is referable to the Ciliata or to tho 
most concerned in locomotion; those i^hytozoa. 

Genus PLEUROMONAS (Perty) (XVIII. 25). — Body reniform, extremely 
delicate, small,- colourless ; fUament extended from the concave side of the 
body, and three times its length. 

Pleuhomonas jacidam = CTiiloinonas manner, followed by intervals of rest. 
obliqua (?) (Buj.) (xviii. 26). — Colour- Very young specimens ore round, 
less, transparent, with a few small mole- l-GOOO'' to 1-.31(K)". Beni. In stale 
cules. Movements eccentric, hither water and infusions of Lycopodium 
and thither in a jerking and leaping seeds. 

Genus SPIIIOMONAS (Perty) (XVIII. 24). — Body leaf-like, compressed, 
rounded at both ends, and rolled spirally on itself longitudinally. 

Spiromonas vohfhtlia = Cyclidium dis- of Diijardin, but is probably (as Dmar- 
tortwn (Buj.). — Colomlcss, transparent, din believes the latter to b^ merely a 
smootli, very delicate. Rcivolves rapidly phase of Monas Lens, 1-1800" to 

on its long axis. Not nodular on the 1-1300". Bern. In foul water, 
margin, like the Cyclidium distortum 

Genus MENOIBIUM (Perty) (XIX. 2). — Body small, crescentic, thicker 
on the outer or convex margin ; containing internally small molecules and 
vesicles ; coloiu'lcss, or occupied with a little chlorophyll. 

Menoidium pellucidiini (xix. 2). — sickle. Movement tolerably rapid, jerk- 
Ilecalls by its figure a little Closteriuni ing and revolving. 1-070” to 1-430". 
lunula ; not rounded, but flattened like a 

Genus CIIROMATIUM (Perty). (XIX. 1), — Body extremely small, red, 
brown, violet, or green in colour, containing in tho mature condition some 
internal vesicles, A motor filament at tho anterior extremity (?). Multipli- 
cation by transverse fission. To this genus Perty would refer the greater 
part of the Monads described by Elirenberg which possess a brilliant colour ; 
and he is in doubt whether they are not all rather referable to the genus 
Bactermmy as well as the next genus named, i, e. Acariceum. However, he 
at. present retains Chromatium and Acariceum among the Monadina, and 
establishes two species of tho former. 

CimoMATiuM TVeisait (xix. 1). — Of a straight course. The vesicles are not 
a violet or brownish colour, rounded present in very yoimg specimens : they 
and truncate both before and behind ; first show themselves as dark points, and 
vesicles within sharply defined. The afterwards assume tho vesicular form. 
Monas Okenii of Weisse is very closely Perty cannot discover the filament de- 
allied, but still more minute. It pro- scribed by Ehrenberg in Monas Okenii. 
grosses and revolves rather rapidly, taking Eichwaldsays of this species thatit swims 
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backwards or forwojrds indiifereutly, — 
a circumstance adverse to the existence 
of a filament at all. 1-4800" to 1-2400". 
Occurs among Cbaraceao. 

C. violescem, — Globular or elliptical, 
transparent, and of a very pale violet 
colour. It appears closely related to, al- 
though not identical with, Monas vinosa 
(E.). A filament could not be detected, 
nor any internal organs. At Kem, with 


Charo. 1-14,000" to 1-3000". These 
coloured organisms form a coloui*iiig 
layer on the mud at the bottom of 
ponds, &c. The several species men- 
tioned by authors referable to the genus 
Chroniaiium are — Monas 9‘osca, Morren ; 
Mofias Okenii, Weisse ; Monas vinosa, M. 
erubescens, M ochracea, and probably 
M. prodigiosa and 3L gliscefis of Ehren- 
bei-g’s category. 


Genus ACARI-^UM. — ^Extremely minute, globular or elliptical ; perfectl} 
transparent, without a trace of either external or internal organs. 


i = Monas Cre- 
pmcidum (E.). — They swim rapidly past 
each other, yet have nothing in their 


movements in common with tliose of the 
Monads, but much rather with those of 
the Bacterium Termo, 


Genus IIHABDOMONAS (Fresenius). 


lllIABDOMONAS incurva.^ Stout, 
elongated and cjdindrical, slightly fal- 
cate ; anterior extremity rather the 
thicker; three prominent longitudinal 
ridges ; green vesicles or granides occupy 
the anterior half of the body ; progresses 


in a straight lino, with a rotary or semi- 
rotary motion on its long axis ; filament 
1^ the length of the body. 1-GO to 
1-1)0 millim. In stagnant water with 
Confeiwae, &c. 


Genus GRYM^A (Fresenius). 

GnYMiEA racillans. — Colourless, hya- 
line, compressed; when seen on itsfiat side 
its outline is circular, but on the narrow 
side, pyriform, the posterior compressed 
portion gradually thickening towards the 
thicker front part. Advances with the 


thick end foremost, slowly revolving on 
its long axis, with an oscillating motion. 
Filament revealed by iodine. In stand- 
ing water with Vallisnoria in the Botanic 
Gardens. It is, not unlikely, tlie same 
being os 3Ionas tirceolaris (^l^erty). 


FAMILY II.— HYDllOMORINA. 

Characters. — Ancntcrous Polygastrica without appendages ; body uniform, 
like that of the Monads, but, by reason of the spontaneous fission being im- 
perfect, developed into a moniliform mass or polypary ; lorica absent. Indi- 
viduals arc at pciiods set free, which commence the same cycle of compound 
development as the parent beings to which they originally belonged (Ehr.). 

The genera belonging to this family arc Fohjtoma and Spondy^morum. 
Polytoma was described by Ehrenberg in the family Monadina*; but the sub- 
sequent discovery of the genus Spondylomorum, liaving the same general 
characters, and differing like it from tho other monads, led him to create this 
new family Hydromorina to embrace tho two. 

Perty has also recognized the propriety of detaching those Monadina which, 
by the act of self-fission continuing incomiilete, live together in compound 
masses, and to designate them has invented the term Monadina Familiaria,^^ 
equivalent in English to '‘^gregarious or aggregated Monadina.” Under this 
group, however, ho has placed two other genera, which Ehrenberg lias let 
remain, somewhat unaccoimtably, among those Monadina living in an isolated 
or free state. These other members of the Hydromorina or Aggregated 
Monads are, Uvella and Anthophysa. Schneider {A. N, II, 1854, xiv. 326) 
observes on tho near alliance of Polytoma to Ghlorogonium euchlorum. It 
would seem that Cohn fails to find any tnily distinctive characters between 
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Pohjtoma and Chlamydomonas ; for he proposes (Entwicic, p. 140) to apply to 
P. Uvella the name of Chi. hyalvm. 

Genus POLYTOMA (XVIII. 5 ; XX. 1-14). — Mouth terminal, truncate, 
surmounted by a double dagelliform filament situated as in Monas and Uvdla ; 
eye and tail wanting. It will not imbibe colouring matter. A large con- 
tractile vesicle and the trace of a nucleus are sometimes observable. Self- 
division occurs both transversely and longitudinally, and produces a berry-liko 
cluster of many individuals. As the young increase in size, the parent body 
assumes a decussated or wrinkled appearance, like a mulberry, and in this 
manner indicates its approaching self-division into many sections {bb the name 
Polytoma denotes), or numerous individuals. In swimming, the filaments are 
extended in advance. In putting forward the self-division of Polytoma as a 
peculiar feature, Cohn says that Ehrenberg has mistaken a transitional for a 
permanent condition. It was known to Miillor and Wrisberg. 

Polytoma UveUa {Monas Utay M.). this more distinct (xx. 2). At the 
— Colourless, of an oval or oblong form ; anterior extremity are two reddish vesi- 
extremities equally obtuse. It is often cles, which are contractile ; and other 
abundant in water where animal matters non-contractile reddish ones are scattered 
are in solution, upon which it appears to in the interior. The creature “ rotates 
be nourished ; generally in company Yrith upon its axis ; and this, again, describes 
species of Vihno and ^rillumy and some- circular vibrations upon a central point.” 
times with UveUa Uva and tf. Atomus. Self-division takes place at first into two 

Group 6 shows two isolated indi- (xx. 3), then into four (xx. 9), and, under 
viduals ; another about to divide longi- favourable conditions, into eight seg- 
tudinally; a cluster of eight united ments, each of which acquires its fila- 
within a common envelope ; another ments, and moves about within the en- 
cluster, of which the common envelope velope of the parent with the rest until 
has disappeared prior to the separation set free by its rupture. Under certain 
of the individual Monads, and in the circumstances the individuals pass to a 
two isolated beings the double filament state of rest (xx. 7), and then do not 
is very distinct. 1-200” to 1-90” j undergo fission or any other change, but 
diam. of clusters 1-380”. remain in a torpid condition. In assum- 

Schneider (Part I. p. 136) has closely ing this state the filaments contract 
examined this species (xx. 1-14). The gradually, and at length seem to be 
hyaline investing membrane, he says, withdrawn completely within the con- 
can be distinctly displayed by using tained substance of the encysted being, 
chromic acid, or solution of iodine in The internal granules of Polytoma are, 
chloride of zinc. A globular nucleus according to Schneider, composed of 
lies near the centre, with a nan'ow red- starch, and are convertible into a blue 
dish halo around it : dilute acids render or a green colouring matter. 

Perty has distinguished three additional species, viz. — 

Polytoma 'Uva. — Divides into as distinguishable ; viz. — Var. a unifUisy 
many as ten segments. The mode of having only one filament, resembling 
fission much resembles that of Chlamy- Tradielius ghhuUfer (E.), and very pro- 
domonasy butdifiers in exhibiting active bably identical with Monas punctum\ 
movements during the process, instead of Vor. 6. rostrata seu hysginoides, of a 
the state of rest seen in the latter. The feeble yellow colour, with a prominent 
corpuscles are usuallv oval, and hya- cyst-wall, within which it is contracted 
line; rarely yellow or brown; filled with and deprived of its filaments. It does 
larger or smaller vesicles, and in old not break up on drying, but can continue 
raecimens with black molecules. Self- several weelcs without change. [This is 
division proceeds rapidly. Movements evidently not even a variety in the proper 
darting and revolving. An enveloping sense, but simply an encysted Po/ytoma.] 
cyst has been noticed in some examples. P. oeeUata. — Oval ; filled with vesi- 
Uncommon in fresh, but frequent in cles, like P. Uva, except that it has a 
water holding animal decomposing mat- clear-red stigma at the centre. Motion 
tors in solution. Two varieties are languid. Self-fission produces few new 
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beings; and these lie parallel to each 
other. Has the dimensions of P. Uva* 
Found in decomposing infusions. 
Schneider describes a peculiar mode 
of fission seen at times in P. UveUa, in 
which the segments lie parallel to each 
other : very probably this supposed roe- 
cios, P. oceUatum^ is nothing more than 
that phase of P. UveUa, The reddish 
vesicle is worthless as a specific character. 


P. P virena , — Greenish or actually green, 
surrounded by a hyaline cyst. Seen only 
in process of fission, when each segment 
had its own filament. These organisms 
were for some seconds at rest, and soon 
afterwards moved here and there with 
activity. Very probably this being is 
onlv a sporule, and seems nearly akin to 
Cmamycbnionas, 


Genus SPONDYLOMOETJM. — ^Individuals furnished with a dorsal ocellus, 
jiro destitute of a tail, and, in consequence of their imperfect self-division, deve- 
lopo a compound body (polypary) resembling a whorl or cluster of berries. 


SroNDYLOMonuM quaternarium, — A 
group of four alternating corpuscles, 
of which the terminal one is the most 


slender ; colour g^reen ; filaments four to 
five. Jjength of polypary 1-670”, of each 
individual 1-1728". 


FAMILY III.— CRYPTOMONADINA. 


(XVIII. 29-34 ; XIX. 7-16 and 20-31 ; XXVI. 6, 8, 9, 10.) 


The Cryptomonadina (vide General History, p. 140) are Monadina enve- 
loped within a distinct gelatinous, membranous, or hard induvium, forming a 
shell-likc covering or lorica. According to Ehrenbcrg, the lorica sometimes 
resembles an open shield (scutellum), at others a closed box or pitcher (urce- 
ohis). The construction of the lorica, however, as a scutollum, open on ono 
side, is denied by eveyy recent writer ; and in all cases it would appear to 
completely enclose the contents. Two delicate, filiform, and generally re- 
tractile filaments, capable of being put into very powerful whirling and lash- 
ing motion, are clearly perceptible in all the genera, excepting, perhaps, the 
genus Lagenella ; and even in this. Dr. 'Wemeck believed he had discerned 
them. Six or seven species exhibit internal vesicles ; and in two genera a 
coloured spot is present at the fore part of the body. From the position of 
this speck the dorsal line may be readily conceived, and a right and left side 
described. Self-division, when it occurs, is simple and complete. ** It is 
possible,*' says Ehrenbcrg, ‘‘ that the fossil animalcules discovered in the flint 
of chalk and porphyritic formations, and named by me Pyxidicula (see Plato 
XVII. upper figures), belong to the genus Tritchehrmnas,^^ 

Lachmann (op. cit. p. 219) assorts that in all transparent Monadina and 
Ciyptomonadina a contractile vesicle exists, and that even in the more opake 
Chilomonas Paramecium and Cryptomonas ovata he was able to observe its 
contractions. Mr. Carter confirms this statement. 

Tlie genera wore thus tabulated by Ehrenbcrg : — 


Eye-8peck 

absont. 


Lorica obtuse and smooth... 


Form short ; solf-division 1 
longitudinal or wanting j 
Form long and tortuous ; 1 
self-division transverse j 


Cryptomonas. 

Ophidomonas. 


Lorica pointed anteriorly 


.Prorooentrum. 


Eye-spcck 

present. 


Lorica with a nock and narrow orifice. 


j Lorica with orifice, but no 
I . neck. 


Lorica an open shield 
(scutellum). 
Lorica a closed box 
{urccoliis). 


Lagenella. 

Cryptoglena. 

Trachclomonas. 
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The members of this family are readily recognized by the stiffiiess or in- 
flexibility they display while swimming or when brought into contact with 
other bodies. The lorica of Pr<yroeevdrum and Lageriella is at once perceived 
to be a distinct covering. When any doubt, however, exists upon this point, 
a slight degree of pressure upon the specimens placed in an aquatic live-box, 
or between two slips of polished glass, will easily detennine it. The lorica 
of TrachehmonoLS Ehrenberg affirmed to bo silicious, and indestructible by 
fire. Dujardin has a parallel family he names Thecamonadina, consisting of 
eight genera. These, however, are not the same as the genera of Cryptomo- 
nadina of Ehrenberg, of which only two are retained, viz. Trachelonionas 
and Cryptomonas. In the last-named genus are included Cryptoglena and 
Lcigmdla, which Dujardin considers have no claim to generic distinction. 
Pr<yrodon may, he thinks, be the same as his genus Oxyrrhis ; and under the 
head of Tracheh'imncLS ho unites ChcBtotyphla and ChcetogUna, numbered 
among the Peridiniaea in the classification of Ehrenberg. A new genus, 
PAams, is constructed by the same author, to receive those green organisms 
having a rigid inflexible timic, wliich Ehrenberg placed with the flexible and 
protean Evglence. Another group, styled DiselmiSy includes many of the 
Chlamidomonads of Ehrenberg. Eesides these, three other new genera, viz. 
Cramenulay Plmtuiy and Anisonema, enter into this family Thecamonadina, 
and are described as addenda to the Cryptomonadina of Ehrenberg. The 
accompanying tabular view represents at a glance tho distribution adopted by 
Dujardin : — 

Thecamonadina . 


■o j -A - /Integument hard and brittle... 1. Trachelomonas. 
Body oToid or globular | l„te|ument mombranous 2. Cryptoraona.. 

Body flattened or leaf-like, f With a caudal prolongation ... 3. Phacus. 

with a single filament \ Without such 4. Grumenula. 


The two filaments equal 


5. Diselmis. 


One flagolliform, one trailing 


With several filaments 


f Body prismatic or navicular ... 6. Plceotia. 

-j Body ovoid, in form of a grape- 1 rr a • 

1 8cbd,wiUitwolilamonts..‘...}7-^'““"®™*- 

OiyrrluB. 


Perty borrows from both Ehrenberg and Dujardin, by instituting two 
families, Cryptomonadina and Thecamonadina, and distributes the several 
species in another fashion, under new generic names. The distinctive cha- 
racters of thd two families are thus set forth : — 

Cryptomonadina. — ^Tho surface of the body more or less hardened, but in- 
separable from the contained substance as a distinct testa. 

Thecamonadina. — Possess a distinct red stigma, and, though naked at first, 
acquire an apparently separable, brittle, silicious shell or testa, having an 
opening at its fore part for tho protrusion of the filaments. In the act of 
fission the beings (which may or may not entirely occupy the shell) divide 
into two or four new individuals. 

The Cryptomonadina comprise tho genera Cryptomonas, PJuicotus, Anisonema, 
Phacus, and Lepodmlis ; and the Thecamonadina include Chcetotyphla, Try^ 
peiiinonaSy and Chonemonas. 

Cohn (Siebold’s Zeitschr. 1853, Band iv. pp. 275-277) sanctions this sub- 
division of the Cryptomonadina into two families ; for ho remarks that Crypto^ 
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monm and Cryptoglena, and other forms, have a hard integument or lorica 
(Panzer) inseparable from the subjacent mass, whilst 7^racAefomon(w,Za^en€Z/rt, 
and Chastoglma possess a distinct separable capsule or cyst, within which, at a 
certain period, the contained Euglena-^VikQ being can contort itself and revolve 
at pleasure. Moreover, Cohn’s opinion is that these capsuled forms should 
be detached from tho Monadina or Cryptomonadina, and placed with the 
Euglencc. In this opinion wo entirely coincide, and would regard the cap- 
suled monadiform beings as simply encysted Eivglence. Indeed, tho present 
state of knowledge, especially respecting the process of encysting, irresistibly 
leads to tho conclusion that this entire family Cryptomonadina of Ehrenborg 
must bo broken up, and its several forms distributed among various groups of 
animalcules and plants, as representing their encysted phase or condition. 

Eresenius adds a new genus to tho Cryptomonadina, which ho calls Dre- 
panomonas. 


Genus CRYPTOMONAS (XVIII. 29). — Coloured stigma absent; lorica 
obtuse, or not attenuated anteriorly ; body short, but not filiform ; self-divi- 
sion, if any, longitudinal ; flagclliform filament very fine. 

Dujardin writes, ‘‘In this genus Cryptomonas I comprise aU Thccamo- 
nadina with a single filament, and with a lorica neither hard nor brittle, and 
whose body is not depressed (compressed) like that of Phams or of Crummula ; 
and I moreover do not doubt that when these Infusoria are bettor known, 
other genera may bo distinguished by their more or less globular form, by 
the consistence of their envelope, and especially by their mode of existence. 
I already indicate as subgenera, Lagenella with an elongated lorica, and 
Tetrabcenay tho species of which are united in groups of four, not enclosed, 
however, within a common envelope. As to the character supplied by the 
presence of a red speck in some individuals, assumed by Ehrenborg to bo an 
eye, I cannot discover in it a generic distinction ; nor am I able to admit the 
existence of a lorica open on one side (below) like a shield (carapace). On 
tho contrary, I have always observed the lorica to be closed and entire, 
though sometimes compressed on one side, adapting itself to the living mass 
enclosed. The covering in every case is evidently larger than tho contained 
moss, a diaphanous space intervening between the two visible in the form 
of a clear ring.” Of the species enumerated by Ehrcnberg, Dujardin re- 
marks that “ C. curvata is so compressed that it is properly referable to our 
genus CrumenulaP C. glauca and O. fusca he regards as doubtful species. 

Perty brietiy characterizes his genus Cryptomonas thus : — “ Body an elon- 
gated urceolus, from the anterior and mostly-rounded extremity of which two 
filaments arc protruded, somewhat exceeding tho length of tho body ; within 
arc Tisually one or more dork nuclei, from which the vesicular 'germs seem to 
be developed.” 


Cryptomonas curvata, — Green, com- 
pressed, sliglitly bent like the letter S, 
and twice as long as broad. Amongst 
Conforvfo. 1-670". 

C. ovata {Eucheh/s viridis, M.) (xviii. 
29). — Green, depressed oval, and twice 
os long as broad ; motion slow, vacil- 
lating, and rotating on the longitudinal 
axis, but when obstructed (says Eliren- 
borg) is seen to leap ; lorica paper-like, 
not hard ; numerous internal transparent 


vfwuoles and green granules. In the 
middle of the creature there are two or 
three egg-shaped nuclear bodies, and at 
the posterior part a single vesicle;* self- 
division not observed. Found amongst 
Confer vai. 1-570". 

C. erosa . — Green, hyaline anteriorly, 
depressed, oval. In clean water among 
Conferva). 1-960". 

C. cylindrica (Enchelys mridisy M.). — 
Elongated, subcylindrical, three times as 
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long as broad. Amongst Confervas. 
Almost I-IOOO". 

C. (?) glattca, — Oval, twice as long 
as broad; anteriorly truncated with a 
double flagellifurm proboscis ; body tur- 
gid, and of a bluish-green colour. 
Found with Chlamyd^rmwjiA PtdvUculus* 
1-864". 


C. (?) fusea, — Oval, turgid, and of a 
brown colour. Amongst Confervas. 
1-1600". 

C. Imtieularis. — Orbicular, resembling 
a lens ; colour green : lorica thick. 
1-1729". 


The following are described and named by Dujardin : — 


C. Gkhulm, — Globular, green, often 
with folds (stripes), the diaphanous en- 
velope nearly fillea. 1-2600" to 1-2260". 
This species, in Perty’s opinion, is a 
sporule of a plant, or a 'sporozoid.’ 

C. ituBqualis. — Ovoid, green, of less 
thickness than breadth, with a longitu- 
dinal depression, and one or two unequal 
notches in the coloured portion, which 
is always smaller than the envelope. 
1-2600". In stagnant sea-water, impart- 
ing to it a green colour. 

C. (Laqenblla) injlaia, — Ovoid,, en- 
larged posteriorly, contracted antcriorl v ; 
envelope transparent, thicker about tne 
anterior neck-iike portion, filled with a 
green substance, having a central red 
speck; motion zigzag. 1-1180". In a 
vessel of marsh-water with Lenina, 

C. (Lagknbi.i:.a) eachhra (xvni. 31). — 
Ehrenberg has described unaer this name 
an Infusorium of the same size, difiering 
from the last by its more elongated form, 
and especially by the g^en contents more 
completely occupying the anterior neck- 
like portion, whereas in ours but a nar- 
row streak is visible. 

C. (Tetbab^na) soeialts, — Regularly 
ovoid, green, with a centnd red point, 
enveloped by a thick diaphanous lorica ; 


commencing self - division frequently 
seen; occurs in regular groups of four 
individuals, simply agglutinated, and 
having their filaments directed all to 
the same side. 1-1700" to 1-1300". 
In a water-butt in the King’s garden, 
Paris. “I should have taken,” says 
Dujardin, “ the specimens of Tetrahaena 
soctalia at first for Gonia, if a trace of a 
common enclosing envelope had been 
found ; yet I cannot doubt that they have 
the closest analogy with the tnie Gonia, 
and with what Ehrenberg has called 
Syncrypta in his family Volvocina. One 
may suppose that the commencing self- 
fission observed in some individuals 
would give rise to such groups upon the 
destruction of the lorica (integument) in 
these different genera. This mode of 
propagation occurs undoubtedly in most 
of those having a soft gelatinous integu- 
ment ; but in animals Ime TrachelonKynas^ 
whose lorica is hard and brittle, we can- 
not understand how multiplication does 
take place.” 

In the addenda to his treatise, Dujar- 
din has this remark : I am convinced 
that my Cryptomonas {Tetrahtsend) be- 
longs rightly to Gonium'^ 


The generic characters of Cryplrnmnas, as understood by Perty, have been 
detailed ; the following are the species he describes : — 


C. polymorpha , — ^Is so very variable in 
form that no single description can be 
applied to it It ranges between 1-840" 
to 1-300" in length, and may be green 
or colourless, brown or golden ymlow, 
and contain at one time red specks, at 
imotber not. The smallest are usually 
yellow or of a verdigris-green: many 
small ones are hyaline ; the largest sea- 
green and brown. These changes of 
colour are doubtless due to the choro- 
phyll developed within these minute 
organisms, and to the modifications this 
matter undergoes in different stages and 
conditions of life — a subject well exa- 


mined and illustrated in Braun’s work 
on Roj uvenescence in Nature. In figure, 
individual specimens ore oval or globu- 
lar, compressed, and emorginate. Small 
ones move rapidly, frequently in circles ; 
larger examples more slowly, and at 
times backwards. The species is com- 
mon among Confervm the whole year, 
and under the ice in winter. Perty 
assumes it to represent the following 
species of Cryptonwnas named by Ehren- 
TOrg, viz. C, eurvata, C, ovata, C, erosttf 
C, cylindrical C, ylauca, and C. fmea^ 
and also Chihmonas Parufnecivm, 
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C. duhia, — Quite flattened, elliptical, aUied to C. 

not rounded anteriorly ; of a clear men and, in a less degree, to C. eonka of 
colour, with a hyaline central band, Ehrenberg. 

and, in most instances, a red stigma. G. urceolaris (Smarda). — ^Belonp, by 
Movement rather quick; the filament reason of its firm testa, to the Ineca* 
not seen. 1-1900" to 1-1400". It is monadina. 

Genus OPHIDOMONAS. — Body filiform; oye-speck absent ; lorica smooth, 
obtuse, and tubular with a single filament ; self-division transverse and com- 
plete ; internal vacuoles numerous. Its extremely small transverse diameter 
is the great impediment to a bettor acquaintance with this being. (It has not 
been figured.) 

Ophidomonas Jenensis, — Very thin, O. sangtdnea, — Very slender, the in- 
curved spirally, and equally obtuse at terspaces between the vacuoles filled 
both extremities ; colour olive-brown ; with a red colour. 1-576". In brackish 
motion brisk. In well-water. 1-670". water. 

Genus PROROCENTRUM (XVIII. 30). — Lorica resembling a little box 
{urceolus), smooth, pointed at the anterior extremity ; eye-speck absent ; pro- 
boscis filiform ; vacuoles numerous. Self-division has not been observed. “ It 
is worthy of remark,” says Ehrenberg, that the only species of this genus 
with which we arc acquainted [i, e, in 1838J belong to the luminous crea- 
tures of the sea, which, perhaps from some peculiar organic relation or con- 
dition, yet unknown to us, are instrumental in producing that curious and 
certainly vital phenomenon usually termed phosphorescence.” It may bo 
further noticed, that all the luminous Infusoria of the sea, hitherto discovered, 
are characterized as being of the same yellowish waxy colour as the best- 
known species of this genus — P, micans ; and it is probable that this condition 
is immc^ately connected with the interesting phenomenon in question. 

Prohocenthum mkam. — Oval and catos the position of the supposed 
compressed, attenuated posteriorly, but mouth. 1-430". 

dilated and pointed antenorly ; colour of P. nWc/w. — Ovate, suborbicular, tur- 
yellow wax. In sea- water, (xvm. 30). gid ; posterior end rounded ; anterior 
Two figures, magnified 300 diameters ; shortly pointed ; colour green. 1-1100". 
the first is a side view, the latter a back In the Baltic, 
view ; the filament in the former indi- 

Gonus LAGENELLA (XVIII. 31).^ — ^Distinguished from other loricated 
monads by the lorica being extended anteriorly, or flask-shaped. The lorica 
is perfectly distinct, and crystalline. Within are the bright-red speck and 
green granules. (Vide Cryjjtomona^ Lagenella, p. 608, and Chonemonas, 
Perty, p. 513.) 

Lagrnella euchhra (xvni. 31). — 1 crystalline ; colour green. Amongst 
Oval, neck short and truncated ; lorica | Confervas. 1-1200". 

Genus CRYPTOGLENA (XVIII. 32). — Lorica open, in the form of a shield 
(smtellum), folded or rolled inwardly at the sides, and without a projecting 
neck. Eye-speck distinct ; granules green in aR the species. In C. conica 
two oval gre3ri3h masses are seen in the centre, and also two filaments. ^If- 
division not observed. These characters, given by Ehrenberg, are valueless to 
distinguish Cryptoglena from other Cryptomonadina, or from Chlamydoeoccus, 
The Bcutellar form of the lorica is an error ; for it forms a complete investment, 
interrupted only at the point where it gives exit to the filaments. The red 
eye-speck is no distinction, as so often remarked ; and the absence of a ncck- 
like extension of the lorica is seen in Cryptommas, ChlamydoeoceuSy and other 
genera. Carter describes one species with four filaments. Wo unite with 
Dujardin in rejecting this os an independent genus. 



510 


SYSTEMATIC HI8TOBY OF THE INFUSOBIA 


Cbyptoolena emiea (xvni. 32), — structed sprinffor leap out of their direct 
Conical, anteriorly dilated and trun- course. 1-1100". 
cated ; filaments two, half the length of C, pigra. — Oval, approaching to glo- 

the body ; posterior end acutely attenu- bular, and emarginate anteriorly ; colour 
ated. Colour bluish-green. Abundant a beautiful green ; movement slow. In 
in river water, in company with Crypto- water when covered with ice. 1-3000". 
mmias glauctty from which they are C. cterulescens, — Depressed, elliptical 
readily distinguished by their form, and emarginate anteriorly; colour bluish 
larger size, and red eye. They move green; motion quick. Amongst Con- 
briskly in the direction of the longitudi- fcrv®. 1-6000", 
nal axis of their bodies, but when ob- 

Mr. Carter has added and figured some new species, \iz. — 

C. lenticulai'is (A, N, IL 1858, p. 253). thick envelope, and are divided into 
— Spherical, compressed ; lorica distinct numerous cells (microgonidia.) 
and stout ; endochrome separated from C. angulosa (A. N. H. 1859, iii. 18). — 
it by a distinct clear zone; coiitrac- Lorica compressed, oblong, angular, 
tile vesicle seated at the point of in- shield-shapea, transparent, round poste- 
sertion of the two filaments, where riorly, square anteriorly, where it pre- 
there also seems to be an interruption sents a short neck in the median line for 
in the continuity of the lorica (emor- the passage of the cilia; border thin, 
ginato) ; ^e-speck on one side, nucleus curled up posteriorly and anteriorly on 
visible. The horizontal view is ovate, opposite sides. Internal or green cell at 
and acuminate at both ends. Fission some distance from the lorica, angular, 
takes place in the power of two, just lined with chlorophyll, provided with 
as in Chlamydococcus, from which in- two cilia, which issue through the neck 
deed no satisfactory distinctive fea- of the lorica; tAvo contractile vesicles at 
tures are perceptible in the eugi'avings their base; an eye-spot median and 
furnished. peripheral, and one to four starch-cells 

0. cordifomis, — Distinguished by its of a circular fonn. Swimming with its 
cordiform’ lorica. The contents are orbi- cilia forwards in an extremely irregular 
cular, and do not nearly fill the lorica; line. Length of lorica 1-1080", and 
filaments four ; a resting-stage perceived, breadth 1-1800". Freshwater tanks in 
wherein the contents are covered by a the island of Bombay. 

Genus TEACHELOMONAS (XVIII. 33, 34 ; XIX. 9-11).— Have a single 
long filament, an eye-speck, and a closed elongated or spherical lorica, with- 
out a projecting neck. Very minute transparent vesicles have been discerned 
in T, nigricans and T, volvocina. It is probable that some of the highly inter- 
esting animalcules which enter so abundantly into the siHcified substances in 
certain chalk formations belong to this genus. The genus Trypemonas 
(Perty) is equivalent to this, the characters of which arc hereafter given at 
large in Forty’s words (p. 613). 

Trachelomonas nigricans, — Oval, extended ; in the next it is retracted ; the 
approaching to 'globular ; colour rarely lowest of the three is a very young spe- 
green, mostly of a reddish or blackish cimen ; and 34, a full-grown one that 
brown. Eye-speck brown, 1-1700", has been forcibly pressed and the lorica 

T. volvocina ^vui. 33, 34 ; xix. 9, 10). broken. Amongst ConfervsB. 1-860", 

— Spherical, with a delicate filament; ^,cylindrica (xix. 11). — Oblong, ap- 
colour mostly green, sometimes of a preaching to cylindrical ; filament ^most 
brownish hue, with a distinctive red as long as the body. Colour a beautiful 
ring around the body : between the in- peen ; eye-speck red ; ring purple, 
temal vesicles is a very fine granulated 1-1000". Perty points out the fact that 
substance, to which the colour of the T, nigricans is nothing more than an 
body is due. The red circle, so re- old specimen of this species, brown and 
markable a feature in this species, opake by age. 

always appears in the same honzontai T. areolata, — Globose, surface areo- 
position, how quickly soever the creature lated. 

may be revolving on its long axis. The T. amera , — Similar ‘to preceding, but 

uppermost figure represents the flabellum its surf^e covered with rough points. 
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T. granulata, — Similar, but its surface tween the surface of this and the two pre- 
very minutely granulated. ^ ceding are too trivial to be characteristic. 

T. lavis. — Globose, with its surface T. pyrum, — Oblong or pear-shaped 
smooth. Tho assigned differences be- (pyriform), smooth. 

Dujardin, in his family Thecamonadina, includes some genera of animalcules 
not described by Ehronberg, or described by him under different names and 
according to a Afferent arrangement. They are appended here as best agree- 
ing with the Cryptomonadina. 

Genus PHACUS (D.). — Body flattened, leaf-like, and mostly green. It 
displays a red speck in front, together with a flagelliform filament ; and the 
resistant membranous integument is prolonged posteriorly in tho form of a tail. 

“ Three out of the four species are referred by Ehrenberg to his genus 
Eugletia, on account of similarity in colour. The difference between tho two 
genera is, however, considerable ; for in Euglena the integument is contractile, 
and permits of a frequent change of form, whilst in Phams, on tho contrary, 
the integument appears quite wanting in contractility, and the animal inva- 
riable in form. 

‘‘ Tho enclosing integument of Phams persists after the death of the animal 
and tho destruction of the contained green mass, and also after tho action of 
various chemical agents, becoming, in tho latter cases, quite transparent. 
The motor filament disappears with the living contents; globules of the 
latter remain after death.” 

Mr. Carter {A. N, 11, 1856, xviii. p. 241) describes a single, glairy, discoid, 
capsuled body in the centre of Phacus, as well as in tho largo lip of Crume-- 
nula texta, 

1. Phacus 'pleuronectes = Eaglena plenronectes ; 2. P. Jongicavxla = E, longi^ 
muda ; and 3. P. triquetra = E. triqmtra, (See Euglena.) 

Tho now species, of which the characters are given, is 

Phacus tripteiis, — Oblong, with with n red speck in front and a din- 
three longitudinal plaits meeting along phnnous caudiform prolongation behind, 
the axis, rather twisted on the midrib, 1-420" to 1-312". 

Genus CRUMENULA (D.) (XXVI. 6). — Oval, compressed, covered by a 
resistant integument (testa) apparently reticulated, sending out a long flagelli- 
form filamont obliquely from a notch in tho anterior border. Motion slow. 
There is no tail-like prolongation, as in Phacus. A contractile vesicle present. 

Crumknula texta. — Envelope re- pointed sigmoid fibres arranged parallel 
ticiilar, filled with a green matter, toge- to each other, so as to form a conical 
ther with vacuoles or hyaline globules, cell, which remains behind when the 
and having a large red globule anteriorly, softer contents have dispersed. 

1-620". Testa persistent after death. The anterior notch is produced by a 

In this species Mr. Carter (op, cU, sort of overhanging lip. 'The filament 
p. 119) describes an inner layer of is three times longer than the body. 

Genus DISELMIS (D.). — Ovoid or globular, covered by an integument, not 
contractile, of almost gelatinous consistence ; two equal locomotive filaments 
proceed from the anterior extremity. 

“ This genus nearly corresponds to the Chlamydornonas of Ehrenberg, planed 
by him in the family Volvocina by reason of its apparent self-division into 
two or four segments within the testa. Dujardin, on the other hand, admits 
none as Volvocina which do not exhibit an ag^egation of perfect in^viduals 
within a common envelope.” 

Tho removal, by Dujardin, of tho Chlamydomonads described under this 
name of Diselmis, from Volvocina to Cryptomonadina, is generally held to 
be an error, dependent on an imperfect conception of their characters and 
true affinities. (See genus Chlamtbomonas.) 
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The integament of Diselmis is non-resistaiit, diaphanous, breaks up after 
death by diffluence, and is sometimes filled with a green substance, like 
plants, these beings are sensitive to light, fix themselves to the lightest part of 
the containing vessel, and disengage oxygen when exposed to the sun’s rays. 
In the grcon substance are seen granular masses, a disk with an expanded 
border, and a red speck. The motor filaments proceed from the same opening 
of the integument, and often form a diaphanous lobe projecting from the 
opening. The red colour oftentimes seen in the water of the Mediterranean 
appears due to Infusoria of this genus. 


Diselmis vtrtdis = Chlamydotnonas 
ptdvtsculm (Ehr.) (xix. 16). 

D. In early globular, obtuse 

Bnd rounded in front, granular within. 
1-1060". 

This speeies is larger than D, vtrults, 
more gl^ular, and apparently deficient 
of the red speck. In stagnant sea-water 
of a green colour. 

D. angusta, — Pyriform, oblong, ap- 
pearing to be plmted and tubercular 


inside, sometimes with an indistinct red 
speck. 1-2600" to 1-1860". 

D. DunaltL — Oval or oblong, often 
constricted about the middle ; colourless 
when very voung, then green, afterwards 
red ; with 2 fiagelliform filaments longer 
than the body, seated on a projecting and 
retractile anterior lobe. Interior occupied 
by coloured globules. Discovered by 
M. Joly to be the chief cause of the red 
colour of the water of the Mediterranean. 


Denus ANISONEMA (D.) (XIX. 8 ; XXVI. 8). — Colourless, oblong, more 
or less compressed, having a resistant envelope giving exit by an opening to 
two filaments, one directed forwards and fiagelliform, the other trailing back- 
wards and retractile ; movement slow. 

‘‘ In other genera, as in Heteromita, two similar filaments exist ; but the 
present genus is known by its non-contractilo resistant integument, which is 
often met with- empty and transparent. It may bo that the Bodo grandls 
(Ehr.) is allied to this genus as well as to Heteromita, 


Anisonema Acinus (xix. 8). — Oblong, 
depressed, rounded posteriorly, and nar- 
rower m front, like the seed of an apple, 
with an opening close to the apex; 
colourless and transparent, except a few 
vesicles, mostly green, but occasionally 
red; movement in a straight lino for- 
wards. 1-1300" to 1-860". In pond- 
water. This species = Bodo wavms (?) 
(Ehr.). Perty gives a figure of an oigan- 
ism he identifies with this species, hav- 
ing four filaments anteriorly and none 


trailing; he supposes it in the act of 
fission ; but his figure does not show it. 

, A. mhata (xxvi. 8). — Oval, depressed, 
with 4 to 5 longitudinal furrows, and an 
oblique notch in front, from which the 
two filaments proceed ; movement vacil- 
lating, circular. Perty has seen it divide 
longitudinallv. 1-1300". The prmecting 
filament is three times, and the floating 
one about twice as long as the body; 
in this, however, says Perty, there is no 
constancy. 


Genus PL(EOTIA (D.) (XXVI. 10, a, 6). — Diaphanous, having several ribs 
or longitudinm ridges along the middle, and a circular translucent margin, giving 
the whole a navicular form ; two locomotive filaments proceed from one end. 

This distinct form might bo mistaken for one of the Bacillaria, were not 
the filaments clearly visible. The characters of the filaments are similar to 
those of Anisonema — one extending forwards with an undulatory movement, 
the* other trailing and capable of suddenly arresting the movement of the 
body by its adhesion and power of retraction. 

Plceotia vitrea (xxvi. 10 o, h), — Hy- 1-130" ; movement slow. In sea-water 
aline, with 3 to 4 longitudinal salient kept for two months, 
lines at the centre, and some granules. 

Genus^ OXYRRHIS (D.) (XXVI. 9 a, h), — Ovoid, oblong, obliquely 
notched in front, and prolonged into a point ; several fiagelliform filaments 
proceed laterally from the bottom of the fissure. 
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The name is indicative of the elongated apex. These Infusoiia being but 
imperfectly known, one species only is described ; — 

Oxyubhis maritia (xxvi, 9 a, h.) — Colourless ; subcylindrical rugose, rounded 
posteriorly. 1>520". In the Mediterranean. 


The next three genera are taken from Perty, the first being one of his 
Cryptomonadina, the others Thccamonadina : — 

Genus PHACOTUS (XIX. 7, «, 6, c). — Body round, biconvex, with two 
(possibly four) filaments. 


IhTACOTUS viridis, — Green, usually 
divided through the middle by a clear or 
ji dark line. Xiargin acute ; the central 
part more or less convex, sometimes 
elevated into a sharp angular ridge, ren- 
dering the figure four-sided. The shell 
shows a double contour, and persists 
some days after the death of the indi- 


vidual. Medium size 1-1440". Among 
Confervfle. Bern. It = Cryptomotias 
Imticiilaris (E.). Like Dujardin, Perty 
removes CluBtotypIda and Chaetofflena 
from the Peridiniaja to the I’hecamo- 
nadina. The fomier genus he retains, 
but merges the latter in his group 
Cliontinionas, 


Genus TTtYPEMONAS = generally TllACHELOMONAS (Ehr.) (XIX. 9, 
10, 11). — Shell globular or elliptic, with a small round aperture (the elevated 
margin of which frequently produces a fiinnel-like appearance), from which 
the filament protinides ; colour green, with a red stigma ; lorica at first hyaline, 
them purplish, and lastly brown, thick and opake ; not armed, but apparently 
1)0 runs from the presence of numerous puncta indicating the absence of 
deposit, as elsewhere. Perty justly objects to the term Trmhelomoncis, as 
prone to cause confusion of ideas from its etymology signifying beings with 
necks, which none of those it includes possess. 

Trypkmonas volrociiia (xix. 9, 10) = Trachelotnonas volvocina ; and T, cylhidrica 
(xix. 11) =s Trachclomomis cylindrica and 1\ niyncam (Ehr.). 


Genus CHONEMONAS (XVIII. 35 a, 6, c, d ), — Green with a red stigma ; 
testa hard, ellipsoidal, with a funnel-shaped opening at the anterior end — ^fi’om 
which two filaments proceed. It represents in part the genera CJuBtoglemiy 


Pantolrichum, and Lagenella (E.). 

CiioNEMONAS Schrankii (xviii. 35 a, 
A, c, f/), formerly named C, hispida , — 
Lorica clear or dark brown, more or less 
spinous. Filaments double the length, 
and hyaline. Portions of the lorica ex- 
hibit apparent pores, and empty speci- 
mens often decussating lines. The green 
contents escape unhurt on fracturing 
their enclosing case, which they gene- 
rally do not fill. When fission proceeds, 
tile contents alter their form, and the 
filaments disappear. Onward movement 
not rapid, seldom oscillating, but actively 
revolving. 1-900" to 1-540". At Bern, 


in pools of snow-water, and beneath the 
ice. Two varieties occur : — «. gluhray 
with a smooth lorica, which is no other 
than the LayeneUa mchlora (E.) ; 6. 
unifiliSf wdth a single filament, equiva- 
lent to Chcetoglena volvocina (E.). The 
veiy hispid examples of this Chonemonns 
are = Pantotnehum Lagmula, placed by 
Ehrenberg among his Cyclidina. 

C. acuminata, — Shell oval, strongly 
pointed posteriorly ; bristles scarcely ob- 
servable. Fimnel at front distinct. 
1-500". Hyaline and quite smooth speci- 
mens also occurred. On the St. Gothard. 


Genus DKEPANOMOXAS (Freseniiis). 


Drkpanomonas dentata, — Colourless ; 
falciform, compressed; pointed at each 
end, with five outspreading fuirowa, of 
which two are on either flat aide, and 
one on the convex edge. In the centre 
of the concave smTace is a vcntricoso 
swelling with a small? tooth-like process ; 
a similar process is remarked ueneath 


the apex. From neai* the last, several 
lines extend upwards and outwards. In 
one aspect an undulating line is percep- 
tible along the convex margin; this is 
also visible in the loricse of dead speci- 
mens. Internally are only colourless 
granules, imparting a pearly hue. On 
one occasion a vticuolc was seen having 

^ £i 



514 


HYSTRMATIC IIISTOKY OF THE INFUSORIA. 


a reddisli •glimmer; possibly a contmc- 
tile vesicle; inovcmeiits slow; no con- 
tractions of figure obseiwed. Both ends 
furnished with delicately motile fila- 
ments, those on the anterior longer 


than those on the posterior extremity; 
but still seen with difiiciilty. In swim- 
ming it lies on the Hat surface ; it also 
revolves on its long axis. 1-15'" to 1-14'". 
In water from Walldorf. 


FAMILY IV.— VOLVOCINA. (See p. 144.) 

(XIX. 32-69 ; XX. 22-47). 

This family deiivcs its name from the genus Volvox, and from the rollitKj 
motion with Avhich the beautiful creatures belonging to it make their Avay 
through the water. They resemble the Monads in most particulars r(datiiig 
to their organization ; have an unvar 5 -ing form, and, except a filamcmt, no 
aj^pendages ; vacuoles present. Whilst propagation by self-division is pro- 
ceeding, and the young are increasing in size, the surrounding enveloi)c or 
lorica is observed to expand in a corresponding d('grcc, but continues entire 
until its numerous occupants have come to maturity, when it bursts and sets 
them at liberty. 

All the genera are provided with organa of locomotion, which consist, as 
wdth the Monads and Ciyptomonads, of a single or double very deli(;ato fila- 
ment ; and hence it is that Avhen they are clustered, the entire group a])])ears 
to be ciliated, or beset with hairs. Besides granules, one or two round nuclei 
and a contractile sac arc present. 

This family Ehrenbcrg disposed into ten genera — five fumished with a red 
stigma, situated at the anteiior part of the body, and five without it. In the 
foimcr, a sensitive system was presumed on the supposition of the red speck 
being an eye. 

The following is an analysis of the family : — 

Lorica box-like 

Z". i ■ l 




Cliisfcrs iabiilaicd or in ]3lutcs Ooniuni. 

Lorica double Syncrypta. 

( Tail present .. Synuru. 



Self-division both 
equal and perfect H 
(no internal globes) 


/'Tail present 


I Tail absent 

I 


{ filanicnt single . . . 
filament double . . . 


[ Filament single 

Self-division unequal 
(forming internal 

globes) Fi lament double 


Uroglona. 

Eudorina. 

Chlamydomonas. 

Spbasrosira. 

Volvox. 


.The above account, derived from Ehrenberg’s work, affords a very imperfect 
conception of the Volvocina, especially of their structural characteristics as a 
family, — a defect we have endeavoured to supply in the chapter on their 
general history (p. 144). Moreover, as there noticed, these beings ari^ 
numbered by the mtijority of natumlists, at the present day, among plants, 
although a respectable minority, among wdiom are Thuret and I.achmann, 
incline to the opinion that they are for the most pai’t animals, as Ehrenbcrg 
represented. Thuret expressed this opinion now several years since, when 
the physiology of the simplest vegetable organisms was imperfectly under- 



OF THE YOLVOCINA. 


515 


stood, and supported it on the fact that an act of gcmnination, similar to 
that scon among the spores of the lower Algae, was never witnessed among 
the Volvocina. This absence of a supposed vegetable characteristic, more 
recent researches appear clearly to set aside as an argument against the 
vegetable nature of a doubtful organism ; for in the whole cycle of life of 
many of the simplest, or so-caUed unicellular plants, an act of gonniiiation, 
as understood by Thuret, never occurs. Dujardin, when he published his 
work on Infusoria in 1841, admitted the Volvocina among animalcules, but 
proposed a different distribution of their genera to that put forward by 
Ehrenberg. Thus, he transferred Oyges and Chlamydomonas, owing to their 
not being aggregated A\ithin a common envelope, to tlie Tliecamonadina, and 
united Eudorina with Pnnr/oWaYt (XIX. 59-(59), and Synnra witli Ifroylmay 
because ho could not regard the presence or absence of a red spe^ek to be a 
gtmcric characteristic. Eurthcr, ho considered ^yncrypta a doubtful genus, 
and comlnned Spluarosmi with Pmvlorina. 

Although the present state of science proves that the appearance of a red 
si>eck or specks in a monadiform being is mostly a transitory phenomenon, 
associated with a certain condition or phase of existence, and that therefore 
the union of Eudori^ia with Pmulorhia, and of Symmi "with Uroylena, is a 
correct proceeding, yet Dujardin erred both in detaching Gy yes and C/damy- 
domonas (XIX . 10) from the Volvocina, and in considering Sphm'oslra and 
Pnmforina modifications of a common form. The relation of Chlamydomonas 
to the Volvocina has been well sho^vn by Cohn, Braun, and others; and 
Gyyes itself might probably be dispensed with as a distinct genus, since there 
is good evddcncc to show that its species are simply steges of development of 
Chlamydococcns or Protoc^ccus (XIK, 20-31), and of Chlawy domonas. Again, 
Splmrosira^ instead of being a varied phiusc of Pandorlna, is a member of the 
genus Volvo.v ; indeed Prof. Busk inclines to th(5 notion that it is merely a 
developmental stage of the common Volvox Glohator {T. M, S, i. p. 39). Perty, 
however, advances as an argument for its independent nature, that it is com- 
mon about Bom, whilst Volvox Glohator is not met with. This fact speaks 
at least for tho specific independence of Sphm’osira, although its gcnei-ic 
must be given up. Moreover, a genus Botryocyslls was instituted by Kiitzing, 
of the independence of which, however, there is no good evidence. The con- 
dition oi P'otococcus pluvial is (Cohn, Ray Soc. 1853, p. 550), when divided into 
sixteen segments, coiTCsponds to the Botryocystis Moi'um. Further, the last- 
cited author in another treatise {EntwicTc, d, MihrosJeop, Aly. und Pilze, p. 200) 
treats Botryocystis as synonymous with Pandorina^ and in this agrees with 
Prof, llcnfrcy, who remarks (ilf. T, 1856, p. 51) that the form of Patulorina 
which produces the rcsting-sporcs, after losing its cilia, is Kiitzi^g’s Botryo- 
cystis Morum. Perty coins two new genera, called ^ynapMa and Ilirmidiwn 
(XIX. 15). Cohn points out a natural division of tho Volvocina into two 
sections, in tho first of which, represented by Chlamydomonas and Chlamy- 
dococcuSy the fission of each primordial ccU is complete, and the products 
single and unicellular, whilst in the second section, including all tho rest of 
tho Volvocina, tho cells formed by the fission of the parent primordial coll con- 
tinue united in groups or clusters. The difference between the several genera 
obtains from the disposition of tho produced cells ; and this, again, depends on 
the direction of the lino of fission. Thus, in StepharwsjduBra (XIX. 38-52) 
the piano of fission is tho meridian of the sphere ; in Gonium it occurs in two 
planes at right angles to each other, and in Volvox and its allies in three 
planes. If the Volvocina arc referable to the vegetable kingdom, they consti- 
tute a family of the order Palmcllacea) (ChamfiDphyeem, X.), among the Algae. 

The separation of ^yncnjpta from GyyeSy and its independent generic ex- 
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istcncc, arc very questionable 5 for the possession of a double loiica, attributed 
to Syncrypta by Ehrenberg, cannot seiTc as a generic distinction from Oyges^ 
with a single lorica, since Cohn has shown in Chhmydococcus that the pro- 
duction of a distinct, loosely investing, and apparently second covering, is one 
of the series of developmental phenomena in the selfsame being. The same 
statement is true of the so-called tail which is used to separate SynUra from 
other allied forms ; for caudate beings make their appearance in the cycle of 
existence of non-caudatc : thus a caudate variety of naked zoospore ” re- 
sembling a Bodo is represented by Cohn in his illustrations of the multiform 
phases of Protococcus, The presence of a mouth, and the construction of the 
envelope with one side or end open, through wliich the animal can protrude 
itself at will, arc statements now generally ignored. 

After excluding the inadmissible and the very doubtful genera of this 
family of Ehrenberg, there remain only Pandorinay Ooniumy Chlamydomo- 
naSy and Volvox, To these, other naturalists add Chlamydococcus (Braun), 
Glceococctis (Braun), Stephanospheera (Cohn), and Stephonoma (Wcmcck). 
Ehrenberg himself has added a new genus he names Trochogonium ; but, from 
the imperfect description given, it is not possible to decide accurately whether 
it is distinct from some of the genera instituted by other naturalists. 

Genus GYGES. — Tjorica of a simple box-like form (urceolus) ; eye-speck 
and ‘ tail ’ absent ; filament doubtfully present ; the internal organization is 
little known. Two species are mentioned by Ehrenberg, both of a green 
colour and enclosed in a transparent lorica. 

Gyges Granulum (Vokox Granulum, most part filled with granular matter. 
M.). — Oval, or nearly globular ; con- As they enlarge they become gradually 
taiued granules of a darkisli green colour, detached ; sometimes two of equal size, 
Amongst Lemnas and Confervae. 1-1150". of which one is red and loricated, the 

According to Cohn (on Protococcus, other colourless, adhere by a very narrow 
p. 659) the encysted motile zoospore point of attachment, which subsequently 
(xix. SI) of Protococcus (Chlamydococcifs) giveaway, and the bud appears as an 
pluvialis is the same as this species Gyges Infusory animal, like what Air. Shuttle- 
Gramilum-y whilst the same zoospores di- worth has represented in his 7th and 8th 
vided into two must be regarded as the figures, and which approaches Pandorina 
next species, Gyges bipartitm. hyaliua (Ehr.).” 

G. bipartitm, — Crystalline, gelatinous, This account of the reproduction of 
and nearly spherical ; the superficies co- this species of Gyges is so peculiar and 
lourless, but its granular contents yel- exceptional, that the questions arise 
lowish green; it is sometimes seen di- whether it really is a member of this 
vided into two, at others as a simple genus and family, and, if it be, wlielher 
sphere. Amongst Confervao. 1-480". the description is a correct interpretation 

G. sanguhiem, — Oval, red, inclining to of the facts observed, 
crimson, surrounded by a broad colour- M. Vogt adds that Gyges sanguineus 
less ring representing the enveloping ought not only to be looked upon as the 
lorica. This species was discovered by type of a now genus, but even of a ntiw 
Mr. Shuttleworth in the red snow which family, on account of its very peculiar 
fell at the Gnmsel in August 1830, Its mode of reproduction. lie mrthor de- 
motion is lively. Group 527 (xvn.) scribes a new spticies : — 
shows several highly magnified. Found ^ G. Vogtii. — Globular, containing in its 
with Astasia nivalis and Monas gliscens, interior from two to five individuals 
among the globules of Protococcus nivalis enveloped by an apparently silicious 
{Ed. Phil, Jmm, v., xxix.). 1-1200" to lorica ; colour dark red ; frequently found 
1-300". This is probably only the ‘still*' adherent and arranged in the form of a 
phase of Chlamydococcus pluvialis, cross, also often separate. “ The small 

M. Vogt irives a very singidar account individuals, probably the young, wore 
of the mode of reproduction of this of a clear yellow hue. I could not ob- 
being. He says, “It gives off from se- serve the slightest motion in them.** 
ye^ parts of its body small transparent — On the Animalcules of the Red Snow 
buds, apparently vesicular, and for the Bihliothhque Univ, de Geneve, May 184l' 
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Genus PANDORINA (XIX. 59-69) (Part I. p. 157). — Destitute of eye- 
speck and tail, but provided with a globular lorica and a slender filament. 
During self-division the creature acquires the appearance of a mulberry. 
Transparent vesicles occur in one species : two exhibit green, and a third 
colourless granules. 

Dujardin esteems the presence of the rod speck to be insufficient to distin- 
guish Eudorina as a genus distinct from Pmulorina ; and most recent observers 
agree with him. 

It has been shown by Braun {Rejuvenescence ^ Ray Soc. 1853, pp. 169-209), 
as well as by others, that Ehrenberg was in error in assigning a single fila- 
ment only to Pandorina, and no eye-speck — since two flabella extend from 
the more pointed extremity of the being, and close to their base is a brownish- 
red speck. 

Prof. Henfrey details {M, T, 1856, p. 49) the characteristics of Pandorina 
much more fully, and corrects the errors into which Ehrenberg fell. He 
assumes it to be a plant, and thus describes it : — “ Pandorina, — ^Frond a mi- 
croscopic, ellipsoidal, gelatinous mass, containing, imbedded near the peri- 
phery, sixteen or more biciliated, permanently active gonidia, arranged in 
several circles perpendicular to tlie long axis of the frond. The gonidia, al- 
most globose, with a short beak-like process, a red spot, and a pair of cilia 
which project through the substance of the frond to form locomotive organs 
upon its surface. Reproduction : 1. By the conversion of each goni^um 
into a new frond within the parent mass. 2. By the conversion of the go- 
nidia into encysted resting spores, which are set free, and (?) subsequently 
germinate to produce new fronds.” The genus more closely resembles Ste^ 
phanosphoera than any other of the family. 


Pandoutna Morum {Volvox Morunxy 
M.) (xix. 69-69). — Body simple or mul- 
tipartite, enclosed within a simple lorica. 
Colour green ; filament twice as long as 
the body. In water with Lemnro and 
Confervas. Size of individual 1-1160", 
cluster 1-120". Some individuals broken 
from the cluster by Ehrenberg have not 
been above one-third the former mea- 
surement. 

P, Morum is much more satisfactorily 
and correctly described by Mr. Henfrey, 
thus: — “Fronds hyaline, from about 
1-80" downwards. Gonidia either 16, 
and then arranged into circles of 4; or 32, 


and then in 6 circles — 2 at the poles, of 
4, and the intermediate 3 of 8 gonidia; 
which, in the perfect form, stand near 
the periphery, and wide apart. In the 
forms which produce the resting-spores, 
the gonidia are crowded together in the 
centre. The gonidia are green ; but the 
contents of the resting-spores, after they 
have become encysted, arc converted 
into oily and granular matter of a bright 
red colour.” 

P. hyalina . — ^Form globular. In the 
Nile with Conferva), and is a doubtful 
species. 1-6760". 


Genus GONIUM (XIX. 32-37; Part I. p. 152).--peficient both of cye- 
speck and tail ; lorica simple ; in the process of self-division, form regular four- 
cornered tablets or plates. The lorica (a lacerna) of each individual (as is seen 
after its separation) is nearly round ; and the organism can cast it off and form 
it anew. In one of the species {O, Pectorale), two vibratory filaments are 
placed at the mouth as organs of locomotion, &c. ; in the other species those 
have not been observed. Vacuoles are seen within O. Pectorale ; and a red 
speck (produced probably by refracted light) at the base of the filaments has 
been conceived by Ehrenberg to indicate the mouth. 

Cohn’s elaborate account furnishes the following additional notes on Gh^ 
nium {EntwieJe, p. 179 ; and Part 1. p.l52) ; — The quadrate tablets consist of 
sixteen polygonal (mostly hexagonal) cells, united together by tubular prolon- 
gations from their angles, the whole being surrounded by a common gelatinous 
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investment (tho envclope-coll). Each cell or gonidium has its own hyaline 
membrane^ is somewhat elongated into a neck-like form on one side, and con- 
tains a homogeneous protoplasm, chlorophyll, and dark granules (except in tho 
neck-like portion), and in the centre a single chlorophyll vesicle ; besides these, 
several vesicular spaces, and one, two, or rarely three contractile vesicles. 
From the pointed end two filaments proceed, and pierce tho common envelope, 
to vibrate freely on tho outside of the tablet, lleproduction by fission is not 
a simultaneous act, as represented by Ehrenberg, but is effected by repeated 
divisions thi’ough four generations or scries, in each of which the ‘ daughter 
cells’ severally resolve themselves into two others, as happens in all tho Vol- 
vocina andPalmellcae. The result of this act of reproduction, when uninterfered 
^\dth and complete, is the formation of sixteen tablets similar to tho parent, 
but without any organic connexion, each young tablet, however, being enclosed 
within the waU of the parent cell, out of which it has been produced, for this 
cell-wall takes no part in tho process of fission. Sometimes a tablet breaks 
up, setting its component gonidia free, when, their angular processes becoming 
absorbed, and their membrane further removed from the contents, they as- 
sume the general aspect of a Chlamydocaecus or Chlamydomo'iiaSy and probably 
enter on a rcsting-stago like the gonidia of SteplianoBphcera. Ehrenberg be- 
lieved tho isolated cells to be reproduced by fission like those united in the 
tablets ; but Cohn never observed this take place. If this restmg-stage actually 
occurs, then Oonium is propagated by ‘ macrogonida’; but of ^ microgonidia’ no 
evidence has been discovered. The tablets revolve on their shorter axis, and 
hence, on a polar aspect, appear like a disk, on an equatorial like a line of 
cells. A peculiar structural relation obtains between Oonium and Feduts- 
trum. Lastly, Cohn asserts that Oonium Pectorale is the only true species of 
this genus ; that tho others enumerated by Ehrenberg are motionless, and 
belong to the genus Merismopedia among tho PalmeUacem. 

Gonittm Pectorale (M.) (see p. 162). pencil will be required to see the whorls 
— Consists of sixteen spherical bodies and currents set m motion around it. 
enclosed within a transparent lorica, and Tho single animalcules (xix. 33) swim 
disposed regularly in a quadrangular like the Monads, in tho direction of the 
fonn, and in the same plane, like the longitudinal axis of their bodies ; but the 
jew’els in the breast-plate of the Jewish tablets have a variety of movements; 
1 ligh Priest, whence the specific name, sometimes they move quite horizontally, 
The four central ones are generally larger at others vertically, at others again on 
than those which surroimd them; and tho their edge, revolving like a wheel. A 
combined diameters of the three smaller magnifying power of 200 diameters is 
balls are about equal to the two larger sullicient for general examination ; but 
centre ones to which they are attached ; to exhibit all the structures shown in 
the external corners are consequently the engravings, four times that power 
vacant. As Iflieso animalcules swim and will be required. In clear water, salt 
revolve in the water, they occasionally and fresh, near tho surface. Discovered 
present a side view to tho observer, when by Midler in clear water at Copenha- 
the circumference of the larger central gen, 1773. Size of animalcule from 
globules may be seen proiectmg beyond 1-400" to 1-1160", of tablet not exceed- 
the others. Sometimes the clusters an- ing 1-280”. 

pear irregular. They are of a beautiful G. punctatum, — Corpuscles green, 
transparent OTeen colour ; and in swim- spotted with black, and enclosed within 
iniiig, the globules often appear of an a crystalline lorica. Amongst Conforvio. 
ellipsoidal figure. 1-4000"; a tablet of 16, 1-670" in breadth. 

In order to observe tho structure of G. tranquillum, — Corpuscles green, 
this highly curious and beautiful croa- within a crystalline lorica, each 1-28^"; 
turf', considerable adroitness is necessary a tablet of 16 corpuscles, from 1-140" to 
in tin* inanagemcmt c»f tho microscope; 1-220" in breadth. Tablet sometimes 
while ii little iiulige conveyed into tho twice OS broad RS lohg. 
water with the point of a* enmers-hair (^\,hyalinmn , — Corpuscles transparent, 
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witliiii a crystallino envelope. In stag- 
nant water. Corpnacles 1-3000" ; tablet 
of 20 to 26, 1-000" in breadth. 

G. f/laucum, — Cori)U8clea bluish- 
green, 'within a crystalline enveloiMi. 


The number of animalcules in the tablets 
varies from four to sixty-foiu*. In sea- 
water. Size 1-6000" ; tablet 1-500" in 
diameter. 


Oonium tranquillum and O. glaucum^ says Forty, arc Algae (/. e, ho would 
say, are not members of this genus). He adds as a now species, 


G. Jielveticum , — The green, spherical 
corpuscles combined in a tabular, gela- 
tinous envelopt>, without any intercom- 
municating bands, each furnished with 
a fine red stigma and two ciliary loco- 
motive filaments. On a polar view, one 
large round vesicle is visible ; on the 
lateral aspect, two such are apparent, 
one larger than the other. On drying 


the specimen, the stigma itself a^«sume3 
the form of a vesicle. It is readily dis- 
tinguished from G. quaHranrfulatmn by 
the absence of the connecting bands or 
tubules between the several corpuscles 
in the tablet. Diameter of tablet i-3(K)", 
of corpuscles 1-1300". Filaments 2\ 
times longer than the gouidia. In ponds 
about Dem. 


Genus SYNCllYPTA (XX. 26-28). — ^This genus is mainly charaotorized 
by secreting or hiding itself (as the name implies) within a second envelope. 
Each individual is provided with a special lorica of the form of a little shield 
(s&utellum), and is united with others in a common gelatinous envelope (la-- 
cermi) into which it can retreat ; neither cyc-spcck nor tail is present, but 
there is a largo filament ; self-division longitudinal. The filaments of the 
several corpuscles give the cluster an ajipearancc of being surrounded with 
hairs. 

With this genus Dujardin would identify his Cn/ptomonas (Tetrahama), 
The vciy doubtful position and independence of this genus as a mombcjr of 
the V''olvocina have boon remarked on in the general notes on this family 
(]). 144). Mr. Carter, in a paper lately published (A, AT. //., 1859, iii. p. 1 et 
seq,), represents Symrypta to be the ** spermatic form ” of Volvox or of 8phce~ 
rosira (Ehr.). (See notes on Si’UiimosiiiA.) 


Synciiypta volvox (xx. 20-28). — 
Foim oval ; colour green, with whitish 
rays in the centre. Generally in water 
drained from Conferva). 1-2880"; a clus- 
tered globulo in its crystalline tunic, 
hardly exceeding 1-670". Fresenius 
states that ho has seen a red stigma in 
each corpuscle, which was overlooked by 
Elirenberg. 


This berry-like cluster of animalcules, 
when rolling through the water, is a 
beautiful object for the microscope ; and 
with the aid of a little indigo, the nu- 
merous cuiTeiits it creates are readily 
perceived : xx. 27. magnified 200 dia- 
meters ; fig. 20. 400 ; and fig. 28 a cluster 
about to sever into four. 


Genus SYXURA (XX. 29, 30). — ^Eye-speck absent ; tail filiform, attached 
cither to the base of its own lorica or to the centre of the clustcl* to which it 
belongs. The general envelope is spherical, gelatinous, and is hollowed out 
by as many compartments or cells as there are individuals in the little com- 
munity. From out of these ccUs they can stretch themselves a considerable 
distance, whilst they continue attached by the extremely delicate and exten- 
sible tail. This so-caUed tail or pedicle is homologous with the connecting 
rays or threads of the several corpuscles in the globe of Volvox, and is, like 
them, a production of the protoplasm of the interior. As before remarked, 
this genus is doubtfully retained ; for the chief distinctive feature Ehrcnberg 
insists on, viz. the presence of a double lorica, loses its significance now that 
modem researches have shown that the formation of a second or common en- 
velope is an ordinary phenomenon at a certain stage of existence of most or 
of aU Volvocina. Moreover, the description given of this genus is too loose 
and faulty, and its accompanying illustmtions too rude, to render it possible 
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to rightly appreciate its characters and to assign it its proper place, even if 
it is admitted to ho an independent organism. Mr. Carter has lately pub- 
lished (A. N. II. 1859, iii. p. 10) the opinion that Synura is the “ spermatic 
form ” of Volvox or of Spheerosira. (See notes on SpHiEHOsiuA). 


Synura uvella . — Corpuscles oblong, 
ytdlow, capable of extending themselves 
to three tWes their usual length, by 
means of the extensile tail. The cluster 
has the form of a mulberry, and its mo- 
tion is rolling like that of Volvox Globa^ 
tor. XX. 29, XX. 30, show a portion of 


a cluster, and the manner in which the 
tails are inserted in the conmion enve- 
lope. This species, along with Syncrypta 
and Uroglma Volvox, may have often 
been confounded with Uvella virescem. 
Length, exclusive of tail, 1-700"; dia- 
meter of cluster from 1-190" to 1-280". 


Genus UROGLENA (XX. 31). — ^Tho members of this genus, unlike other 
Volvocina, possess both an eye- speck and tail ; they live in clusters under a 
common envelope (laeema), which is subdivided into cells for the accommo- 
dation of the several individuals. Self-diAOsion takes place simply and equally 
in these individuals, whilst in their clustering condition. They are placed at 
uniform distances from each other, attached by their tails, which radiate from 
the centre. Each monad is furnished with a filament, which projects ex- 
ternally and gives to the entire group the appearance of being covered with 
hairs. When the creatures divide, the mantle or laeema enlarges only, aftd 
does not itself undergo fission. The red speck is in the fore part of the body ; 
the tail is filiform, resembling that of Vorticella and Bodo. 

The tail mentioned in the above description is the same as that of Sy nura : 
the use of the term is very inappropriate in both cases. It may be that 
Uroylena should be united with Synura as Dujardin proposed, since the 
presence of an eye-speck in the former and its absence in the latter is not 
distinctive; still wo know too little of the being which Ehrcnbcrg would 
call a Uroylena, to come to a decision respecting its affinities and generic 
independence. 

This genus is another which Mr. Carter would set aside, as he considers it 
(A. N. H, 1859, iii. p. 10) the same with Spheerosira, or the “ spermatic 
form ” of Volvox. (See notes on Spujekosira.) 


Uroglena Volvox (xx. 31). — Cor- 
puscles yellow, oblong ; tail extensible, 
from three to six times the length of the 
body, and even more ; cluster mulberry- 
shaped. There is little doubt that single 
corpuscles of this genus have often 
been taken for creatures of a different 


family. Ehrenbcrg states that he has 
observed individums with two or three 
coloured specks, which he conceives to 
have been a symptom of approaching 
self-division. In turf water. Diam. of 
cluster 1-90", 


Genus EUDORINA. — Has no tail, but possesses a distinct eye-speck, and 
a simple vibratory filament anteriorly. Self-division proceeds simply and 
equally, whilst the corpuscles retain their clustered condition. They arc 
periodically able to cast off their globular envelope (Jacerna), and to exude a 
new one, Hke certain Annelida. To observe the eye-speck, a power of 300 
diameters must be skilfully employed. 

Dujardin’s proposition to combine Eudorina with Pandorina has been 
already mentioned (p. 515), and appears to bo a correct one. The assigned 
characteristic difference between those two genera is worthless; iov Pandorina, 
like Eudorina, has a coloured speck (see p. 157 et seq.). 


Eudorina elegam , — Corpuscles green, 
globular, never protruding from their cells 
beyond the common envelope. Stigma 
sparkling red. ^'ho tdusters, which art» 
of an oval or globular fomi, contain 


generally from 30 to 50 individuals, and 
never less than 16. Motion revolving. 
Fig. 47 exhibits the filaments extended, 
and the bodies of the* animalcules within 
the laeema («>. the common envc- 
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lope”). Clusters of these beautiful ani- 
malciiles are often seen in such amazing 
numbers, olong with the Volvox GlobtUor 
and Chlarnydomofuis IhilvtscultiSf as to 
render the water (otherwise colourless) 
of a decided green colour, especially 
towards its edges. They are exceed- 
ingly delicate — so much so that it is 
difficult to preserve them alive for more 
than a day or two : whenever it is at- 


tempted to retain them in large quanti- 
ties, the second day will gtmerally ex- 
hibit a thick mass of dead ones at the 
bottom of the vessel. When a few 
only i*emain alive, if the stale water 
be poured away, and they are removed 
into a vessel of clear water, they will 
live for weeks. At Hackney and ftamp- 
stead; most abundant in the spring of 
the year. Diam. of cluster 1-180". 


Genus CHLAMYDOMONAS (XVIII. 40, 51-54; XIX. 16) (Part I. 
p. 146). — Tail absent, eye-speck distinct red, filament double ; multiplication 
takes place by self-division within the common envelope, which is ruptured 
to give the products liberty. The lorica indistinct in young beings. 

llraun {On Rejuvenesce'nce^ Ray Soc. 1853, p. 158) appears to elevate this 
genus, in union with Chlamydococcus and OlceococcuSy to the rank of a family 
paralM with the Volvocina, under the name of Chlamydomonada. Indeed, 
tdthough, as Cohn has well shown, those genera agree in all essential particu- 
lars and relations with the Volvocina, yet the existence of each gonidiiim 
as an independent being contrasts so strongly with the aggregate condition 
of the rest of the Volvocina, that there seems sufficient ground to group them 
as a sub-family. In order, therefore, to retain the Chlamydomonada toge- 
ther, we shall depart from our usual custom, by inserting the new genera 
Chlamydococcus and Oloeococcus after Chlamydomonas. Chlamydomonas was 
erroneously transferred, as before noticed, by Dujardin to the Thecaraonadina, 
and renamed Diselmis, Its characters are thus discussed by Praun {op» cit. 
pp. 214, 215) : — Chlamydomonas is distinguished from the genus Ghlamydo- 
coccus by the closely applied membrane of the old swarming-cells, also by the 
absence of the little starch-vesicles in the inteiior, while, however, as is 
usual in most of the Palmellaceae, a single largo chlorophyll utricle exists in 
the interior. There is no central red nucleus, as in the gonidia of Chlamy- 
dococcus ; but some species have a parietal red spot. Motion is effected 
by two cilia, as in Chlamydococcus, As in that genus, there is a growth of 
the gonidia during swarming, which lasts over the day and night. There is 
also a formation of microgonidia,’’ and a rcsting-stage in which the colour 
changes from green to yellowish red, or to red. 


Chlamydot^ionas Pulvisculus {Monas 
Ptdvisculus, M.)(xix. 16).— Colour green ; 
lorica oval ; eyc-spcck brilliant red ; fila- 
ment double. (See Distdmis viridisy 
p.512.) Cohn identifies it Yiiih Polytoma 
uvclla. 

These creatures form a large portion 
of the green matter which colours the 
water contained in water-butts, ponds 
and puddles in the summer and autumn, 
and especially after a stoim. They will 
rarely fail to be observed when any of 


this green water is examined under the 
microscope. Whenever those creatures 
exist in lame quantities, multitudes of 
them and of their envelopes rise to the 
surface of the water, and foim a green 
stratum upon it. Although this film 
somewhat resembles one of Ulvacoa?, yet 
it is easily distinguishable by its com- 
position of living corpuscles with red 
specks, connected together by a loose 
mucous tissue, formed of dead speci- 
mens and empty loricce. 1-660". 


Kiitzing affirmed that this species was merely a phase of Stygcocliniumy into 
the filaments of which it became transformed by an act of germination. This 
opinion has not been accepted, as it is supposed that Kiitzing confounded the 
spores of that Alga with the gonidia of Chlamydomonas Pulvisculus, 

Among the additional species of Chlamydomonas , those forms described by 
Dujardin as members of Diselmis (p. 512) should probably take their place 
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here. Braun describes the following new species, promising the remark that 
“ the species are doubtless very numerous, but the distinction of them from 
one another, as well as from the swarming cells of many other Algae, is 
very difficult ^vithout a complete acquaintance with the history of their 
existence.” 

C. (Braun). — Colour dark CTecn ; point of insertion of the filaments, very 

truncate at both ends, and oblong, diang- slowly but rhythmically contractile, and 
ing to spherical and a yellowisn brown, mentions a species under the name of 
and at length a red colour on assuming Chfmni/donionas hyalma, which he makers 
the resting-stage. ^^The macrogonidia synonymous with* Uvella (K.), 

grow during swarming, from l-fiOth to and states to difier from Ch. Pulvisculm 
almost l-30th of a millimetre long ; they only by the want of chlorophyll and of 
are longish, of equal diameter on both a red speck (op. cit. pp. 140 & 109). He 
sides, and very obtuse, almost truncated, moreover notes a new form, probably 
having a colourless space at the ciliated generically distinct by having not a 
extremity, presenting the form of a notch, globular but a winged prismatic figure. 
The contents are dark green, finely quadrangular on a transverse section, 
granular, with a large vesicle at the pos- with the two wings like two outstretched 
terior extremity, a roundish lighter points, although in other respects agree- 
space in front of this, and no red point, mg with Chlamydmmrias PulvUculm, 
They multiply by simple or <fouble Perty (p. 86) objects to making Chla- 
halving in several successive genera- mydomonas a genus of Volvocina, and 
tions. Sometimes a fm*ther continua- refers it instead to the so-called “Spo- 
tion of the division of the full-grown rozoidia.” Ho further tells us that Chi. 
macrogonidia occurs, fonning 16 or 32 Pukisetdus (E.) is rare about Bcm, but 
macrogonidia from l-200th to l-120th there is a smaller fonn very conmion, 
millimetre long, of ovate shape and which he proposes to call 
lighter colour, tending towards brownish- C. commuma (Pei'ty). — Ho finds also, 

y(?llow. The resting (seed-) cells are but less frequently, a moro globular 
globular, about l-40th millimetre in dia- variety, which appears to be the 7Vu- 
nu‘ter, at first green, subsequently light chehmonas emnrymata (Eichwald^, but 
yellowish-brown, finally fiesh-red ; they is in^ fact a Chlamydomonm, which ho 
have a tough, colourless, and transpa- names 

rent membrane. In the Khino valley, C. ylohulosa (Perty). — His sp(!cies 
iK^ar Freiburg, in pools in sand-pits, Jlysyinum phwiale ^and II. nivide (i. e. 
whitrh are occasionally almost completely Chlamydococcufi) ho suggests uniting, 
dried up in summer.” with the species of Chlamydomonasy into 

C. tinyvns (Braun). — Gonidia smaller a group (of Sporozoidia) under the name 
than in the preceding species, 1-120 to of tSchizonvma. 

1-00 millim. long, ovate, lighter green, C. muUiJilui (Fresenius).-— Bound or 
likewise destitute of a red spot ; the oval j a distinct nucleus in the centre ; 
membrane is more distinct in old age. granular contents green j filaments four, 
Increase by double, rarely by single longer than the cell ; at their biise a rose- 
halving ; in the former case, by decussat- coloured contractile vesicle, and poste- 
ing sections. Contents granular, punctate riorly to this a red stigma. Lorica thin, 
in appearance, green, with one large closely investing contents. As many as 
vesicle. In the restinc-stago they ac- six filaments seen in some larger speci- 
quire a pale reddish colour j the vesicle mens. 1-92”' to 1-63'”. In fresh water, 
becomes indistinct, and the contents C.hyidina (Cohn, Freseniua). — Elon- 
coarsely granular in aspect from the gated elliptical ; rounded at both endsj 
fonnation of oil. Microgonidia also are filaments two, longer than the body ; 
foraied. <*The resting- but still gi'een posterior half of cavity occupied by gra- 
coiidition seemed to me to coiTespond nules ; a clear non-contractile space in 
to Protocoeem Felisii (K.), that \nmich the centre ; a small contractile sac at the 
turned red through desiccation, to Pr. base of the filaments. 1-06'" to 1-46'". 

In pools near Freiburg. Cohn In ponds coloured by Euyhmco. 

(Pntimck. pp. 202, 203) detected two It is doubtfully separable from C7d. 
vesicles in CJila7nydomona8f below the Pulvisculm. 

(ionus CHLAMYDOCOCCUS (Pait I. p. 148) (XIX. 20-31).— Gonidin 
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spheiiciil; colour green or red, enclosed by a hyaline structureless luem- 
bruJio^ removed some distance from the coloured contents by a clear interspacre 
or areola. The central protoplasm, coloured by chlorophyll or a red oil, and 
having one or more chlorophyll utricles at the centre, has its spherical figure 
destroyed by an elongation at one part into a tapering process, from which 
two filaments proceed, and, after perforating the external envelope cell,” 
protrude as motile ribratilc organs. The inner, coloured globule has no 
special membrane, and in consequence undergoes multiform transformations 
of its outline in the course of development. In the resting-stage the enclosed 
coloured mass, the “ primordial cell,” secretes over its surface, inside its env(5- 
lopo ceU, a new, tough, cellulose membrane, whilst the envelope cell is dissolved 
into a mucous layer. In such still cells macrogonidia are produced by fission of 
the contents, in the power of two, and after a time burst through the parent cell, 
dcvelopc their two ciliary filaments, and proceed to dcvelopo a cellulose mem- 
brane over their entire surface, which becomes further and further removed 
until they acquire the characters of the onlinary moving cells. When divi- 
sion is more frequently repeated, microgonidia are formed, which move much 
more actively, and do not secrete an envelope cell ; they arc incapable of 
propagation, and pass immediately into the condition of rest. The motionless 
cells of Chlamydococcm ai'c of much simpler structure than the motile, and 
consist simply of a tough, spherical, cellulose membrane, and green or red 
contents, organized as a primordial utricle. Vacuoles are foimd among the 
contents of Ghlamydococaus-i^oWB ; but a contractile vesicle has escaped observ- 
ation. ChUmitjdocQccus and the two allied genera, Glceococcus and Chlamydo- 
monas, differ from the tnie Volvocinero in this respect ; viz. they separate from 
each other after complete fission, as primordial utricles, and then severally pro- 
ceed to form an independent envelope cell ; whilst the rest of the Volvocinem 
continue, on their production by fission, to live in gi’oups and produce around 
tlieir aggregated mass an envelope ceU in common. It bears the same rela- 
tion, therefore, to the rest of the Volvocineae that Pleurococcus does to Pahnella, 
Vtjclotella to Meloselmy or VorticeUa to KphtyUa. Chlamydococcus is distin- 
guished from the moving germs (sporozoids) by which the greater number of 
Algm propagate, both by a somewhat more complex structure, and by the 
circumstance that the motion lasts for a very long time, and, finally, by the 
power of the moving cells to propagate as such, without entering into the 
state of rest otherwise than as quite a temporary condition. Perty, who has 
studied this genus very minutely, employs the term Hyayhmm to designate 
it, althougli it had previously received other names from other observers, 
besides that we have employed. Indeed, owing to the various appellations 
given, and cspeciaUy the specific names invented for the multiform varieties 
of the same organism, the synonyms became very perplexing and a positive 
imi)cdimcnt to the progress of our knowledge of this genus. Among the 
multitude of proposed species, two only arc now accepted, viz. Ghlamydococcxia 
phwkiUs and Ghl. nivalis; but their distinctive characters are nowhere 
detailed in a definite and available form for our purpose. The red snow of 
Alpine regions is the red variety of both these species. The other varieties of 
Ghlamydococ4^us have been more widely described under the title of Proto-- 
coeem, and those of a red colour under that of Hcematococcus. Colin cites 
two principal synonyms for Ghl. 'plnmalis, viz. Hcematococcm plnvidlis and 
Gldamydococovs versatilis, and in his Monograph on this organism employs 
the term Protocoems pluvialis, although in a subsequent contribution he 
adopts Braun’s designation as employed by us. The many modifications of 
form of this one species under driferent circumstances of development and 
liabitat liavc received as many different names, from the notion of their 
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being specifically distinct. These Cohn has pointed out in his essay ; but only 
that portion of them is worth citing which has attracted notice in various 
works. “ Thus the still Protococcva-OGVi corresponds to the P. Coccoma (KUtz.) : 
when the border becomes gelatinous, it resembles P. pulchevy and the small 
cells P. miTuor, The encysted motile zoospore, on the other hand, is the Gyges 
Oranulum, and resembles also P. turgidus (K.) and perhaps P. versntilis 
(Braun). The zoospores divided into two must be regarded as a form of 
Ogges hipartituSy or of P. dimidiatiisP A red variety of the cell was de- 
scribed by Girod Chantrans as a VolvoXy under the name of Volvox lacustris ; 
but Perty refers it to Hcematococcus, 

Chlamydococcus pluvialis. — Sufficiently characterized in the above history. 

CiiL. nivalis, — Unsatisfactorily distinguished. 

Genus GLGiOCOCCUS. — ^This is a new genus suggested by Braun {On 
Eejuvenescence, p. 159 ), who thus describes it : — “ Ovate, green cells, with a 
colourless point, from which a funnel-shaped, lighter space extends inwards ; 
a rather large vesicle also is formed at the posterior extremity. Multiplica- 
tion by simple or double, in the latter cose decussating fission, after which 
the cells remain loosely connected together by the secretion of soft, gela- 
tinous, confluent coats, forming globular and finally amorphous families 
(clu8tei*s). The cells of all the generations succeeding each other during the 
formation of these families (excepting the transitory cells in the case of 
double halving) are provided Avith two very long persistent cilia, which dis- 
appear only when division commences. The cells exhibit a feeble motion 
inside the enveloping and connecting jelly, the anterior end jerking in and 
out, or suddenly retracting a little. The last generation of the family leave 
the gelatinous mass, and swarm out, to settle down quickly in some other 
place. It is probable that the formation of a new family is preceded by a 
rather long state of rest — ^perhaps there are several resting generations ; but 
we have no observation on this point.” A red speck is not perceptible. Two 
species arc named ; — 

Glceococcus mneosus , — The full- G. minor. — Perhaps specifically di- 
grown ccUs are 1-00 to 1-60 miUim. stinct. Appears in the spiings at Frei- 
long : the clusters, forming at the bottom burg early in the year, in the form of 
of little ponds, attain tne size of an light-yellowish-green, often pear-shaped 
apple, ana are of compressed globular, stocks ” (masses), almost as large as a 
often lobed-shaped form ; but at lengfth hazel nut, attached to the sides of the 
they break up, and come to the surface of gutters of the springs, finally becoming 
the water in irregular fragments. The detached, swimming, and shapeless. The 
gelatinous mass has a peculiar greenish cells are somewhat small, 1-100 to 1-75 
spotted a3pect„which depends upon sub- millim. long, 
ordinate groups of generations being 
more closely packed together. 

Genus SPHiEROSIRA. — ^Tail-like process absent; eye-spcck and fila- 
ment single. Self-division, unlike that in the preceding genera, occurs un- 
equally within the envelope, and forms young clusters at once from the parent 
ones. This genus differs from Pandorina in having the eye-speck, from 
EydorimL by its unequal mode of self-division, and from Volvox by its 
simple filament. Self-division in these creatures takes place in the longi- 
tudinal direction, in parallel planes ; so that lamin® are produced, as in the 
case of Oonium, 

Spluxrosira, as heretofore remarked, is regarded by Prof. Busk as a doubtfiil 
independent organisni; he is, however, unable to speak positively on this 
point, and therefore, whilst still keeping it distinct from Volvox GlohatoVy of 
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which he had some reason to suppose it a peculiar mode of development, 
ranks it as only a species of Yolvox, instead of elevating it to the rank of a 
genus, and calls it Volvox SpTicerosira, Dujardin also denied the distinction 
drawn by Ehrenberg between SpTicerosira and Volvox, but did so from mis- 
taken views ; for he represented Volvox to have only a single filament, whereas 
both this and Spheerosira have two. It presents the appearance,’’ says 
Mr. Busk {M. T. 1852, p. 33), “ of a transparent globe, set with green spots, 
but it differs from the ordinaiy varieties of Volvox Glohator in two important 
respects : 1, in the absence of any internal globules or embryos ; 2, in the 
irregular size of the green granules lining the wall which, instead of being of 
uniform size, are of various dimensions. The different-sized granules are 
irregularly disposed, although, in relation to the sphere itself, they, or rather 
the centres of them, arc as regularly distributed as in the three just-described 
forms (of Volvox). What is rather remarkable with respect to this form is 
the circumstance that the larger granules are not disposed over the whole 
periphery of the sphere, rarely occupying more than two-thirds of it towards 
one side.” Again, he adds — The smaller ones appear to resemble in all 
respects those of Volvox Olohator, and each to possess two cilia, which is im- 
portant, if tnie, because the only distinction between Volvox and SpTim'osira 
in Ehrenberg’s classification depends upon the circumstance that in Splice-- 
rostra there is only one cilium to each zoospore, whilst there are two in 
Volvox. 

‘‘ My supposition that S. Volvox and V. Glohator are allied is founded, it 
must be owned, not upon any direct observation, but chiefly on the fact that 
in the water in which the specimens of Volvox were contained there were at 
first none of Spheerosira, any more than of V, aureus, and that after some 
days both were very numerous. The difference 1 am about to describe in the 
after-development of the ciliated zoospores is not by any means a sufiicient 
ground upon which they should be deemed distinct species, because much 
greater differences are known to exist in other of the lower Algae during their 
various forms of development, without it being thence allowable to suppose that 
they are of different species. In Volvox Spheerosira, then, as at all events it 
may be termed, the larger green granules arc in fact the ciliated zoospores in 
a state of further progressive development. In the same specimen they will 
be seen in all states of division or segmentation, — first into two, then into four, 
and so on, till, as in the case of the embryo Volvox, the ultimate result of the 
segmentation constitutes numerous minute ciliated cells or bodies, not, how- 
ever, as in that case, lining the inner surface of the wall of a spherical case, 
but forming by their aggregation a discoid body in which the separate fusi- 
form cells are connected together at one end, and at the other are free, and 
furnished each Avith a single cilium. In this stage their com*pound masses 
become free and swim about in the water, constituting, in fact, a species of 
the genus Uvella, or of Syncrypta of Ehrenberg.” 

Mr. Carter affirms {A.N.H. 1859, iii. p. 4) Spheerosira is not a distinct 
genus, but the spermatic form ” of Volvox Glohator, which he describes as 
one phase of development of this species, wherein upwards of a hundred of 
the gonidia, scattered over the periphery of the primary gemmoc of the parent 
globe, divide repeatedly until they are broken up “ into 128 (?) linear ciliated 
segments, which are ultimately arranged vertically upon the same plane, in a 
circular tabular group, with their cilia upwards ; and when the latter are 
sufficiently developed, the group oscillates and rotates by their aid both upon 
its long and short axis. These segments are, in fact, the spermatozoids, 
each of which, 'v^hen they separate, is observed to be linear, hom-shaped, 
and colourless anteriorly (where it is attenuated), and greenish posteriorly, 
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provided witli a pair of cilia which are attached to the anterior extremity, 
and some distance behind thorn with an eye-spot; their progression is 
vermicular from their extreme plasticity, and they keep up an incessant 
flagellating movement with their cilia. As yet, I have never seen any of 
these free in the daughter bearing the spermatic cells when the former has 
been outside the parent ; nor have I ever seen them free under any cir- 
cumstances, except once, in the old Volvox, when the daughter containing 
the spermatic colls from which they had been developed had been partly 
eaten up by llotatbria. 

“ Tliis is the form of Volvox Olohator which has been called SpJicprosira 
Volvox by Ehrenberg ; and, like the daughters bearing the spore-cells, it 
becomes liberated from the parent before the spermatic cells attain their 
ultimate development, that is, before the groups of spermatozoids bi?com(j 
separated, not before they arc formed. It is worthy of remark, too, that tluj 
daughter bearing spermatic cells is never more than half the size of the spore- 
bearing daughter, at least as far as my observations extend. 

“ Thus wc have the spore-cells and the spermatic cells in different daughters ; 
and as I have never seen them together in the same daughter, nor the 
daughters respectively bearing them in the same parent Volvo.v, out of some 
scores of instances, I can come to no other conclusion than that the two 
daughters meet after they have left their respective parents, when, both the 
spores and the spermatozoids having become ripe for fc(nindation, individuals 
forming the groups of the latter separate, burst from their capsules into the 
cavity of the daughter, and from thence find their way out into the water, 
and then into the cavity of the daughter bearing the sporc-cclls, where they 
become incoiiiorated with the latter. 

‘‘ Hence Volvox Globator would appear to be dioecious, and not monmeious 
as stated by Cohn; and Spheerosira Volvox not, strictly speaking, another 
form of Volvox Olohator, but the spermatic form. Cohn, considering Volvox 
Olohator and Volvox stellatiis the same species, has taken his fecundating 
character from the spermatic form of the latter.^’ 

The spermatic groups above described. Carter subsequently remarks, con- 
stitute in all probability Ehrenberg’s genera Syncrypta, Synura, and Uro- 
fjlena, 

SpiiiEnosiiiA Volvox. — Corpuscles compressed clusters within it. Found in 
pale green, of nearly a globular shape, considcTHble iiunibers in company with 
enveloped in a common mantle. Eye Volvox Olohator, and often attains its 
bright red. The cluster resembles n size. Sonietinuis found by itself, 
great ball of coipuscles, containing small 

Genus VOLVOX (XX. 32-47) (Part I. p. 180). — ^Tho genus which 

is the type of the family Volvocina, was instituted by Linnaeus, and promul- 
gated to the world in 1758, in the tenth edition of his ‘ Systema Naturae.’ As 
first described by him, the two species V. Olohator and V. Chaos comprehended 
all known Infusoria, excepting eleven of the tribe Vorticella, which were 
separated from them, under the denomination of Hydra, In his twelfth edi- 
tion (1766) of the same work, he distributed the Infusoria into four genera, 
viz. Vorticella, Volvox, Hydra, and Chaos. 

Volvox is characterized by the aggregation of its cells or gonidia over the 
internal surface of a transparent lorica or common envelope cell, of the form 
of a hollow globe. Each corpuscle or gonidium possesses a red speck and two 
filaments, which pro trade beyond the surface of the lorica so as to give the 
whole globe the appearance of being covered with cilia. The mode of 
increasing by a sort of internal gemmation is characteristic of the genus. 
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Diijardin was unable to detect more than one filament ; but Ehrenberg’s 
desenption of two is now amply corroborated. 

The structure of Volvox has received the careful study of many eminent 
microscopists, who have been compelled to differ largely from Ehrcnberg in 
their accounts of it. The resume given in the general history of Phytozoa 
renders it perfectly unnecessary to repeat in this place the particulars of the 
organization of the members of this genus or to enter into the discussion 
respecting their true nature as organic beings. 

Von vox Ghhator (M.) (xx. 32-47) rent difference between them consisting 
(n. 180 ci scq,y — So called from the in the deeper green colour of the internal 
globular figure of the nggregate mass or globes. These, however, soon exhibit a 
colony constituted by the individual more important distinctive chfiracter, in 
monaidifonn beings or gonidia. When the formation of a distinct cell-well of 
blue or red colouring matter is mixed considerable thickness around the dark- 
with the water, strong currents may be gi*een globular mass. This wall becomes 
observed under the microscope around more and more distinct ; and after a time 
each globci, which, when in motion, the contents change from dark gi’een into 
always proceeds with the same part adeeporang(i-yellow,andsimultaiit;oii.sly 
foremost, xx. 32 represents a lai’ge with this change of colour the wall of the 
globe with eight smaller ones (termed globule, acquires increased thickness, and 
by Ehrcnberg, sisters) within it. xx. 34 appears double. 

is a si^ctioii of a globe, more magnified. The third form, or V. stettatusy differs 
XX. 35 represents three gonidia in situ in no respect from the two fomier, except 
within the common envelope. In in the lorm of the internal globules, 
shallow pools of ch^ar water, in spring which exhibit a stcdlato aspect, causecl 
and summer. The largest ‘jlobcs mea- by the projection on their surface of 
sure 1-30" in diameter; tlie smallest numerous conical eminences fonned of 
free swimming ones 1-300" to 1-240". the hyaline substance of the outer wall. 
Size of a single corpuscle 1-3500". The deep colour of the contents of their 

l^hreuberg notified the peculiar occur- embryos, and tludr change into an orange 
reiico of living Kotatoria within the colour, at oii(;e point out their close 
globes of the Voh'ox (Jlohntor. IMr. John analogy with those of V. aurem, I have 
Williams has communicated (T. M. S. no doubt of their being nuire inodifica- 
1851, iii.) an iutovestiiig observation, tioiis of the latter, and I have observ ed 
coidimiing Ehrenberg’s account. smooth and stellate, globules in the in- 

Withiii the cavity of a largo specimen terior of one and the same parent globe.” 
of this species, evidencing its usual Mr. Carter, howev(»r, does not share 
vitality, and the ciliary movements on this opinion with reference to V. stvllatus, 
its surface, he noticed a very active which he treats (-<4. iV. ZT. 1859, iii. p. 5) 
Rotifer, which ho believes to have boon as a distinct species, 
the Notommata parasiticay and which These extracts from recent and well- 
was subsequently accompanied by known authorities are further valuable 
another of the same species, but smaller, as supplying an exphination of Laurtmt’s 
lie adds, ^niy the most careful examina- statements that two sorts of reproduc- 
tion, no opening could bo ptu’ceived by tive bodies appear in the* globes of Vol~ 
which they could have been introduced ; vox. Little weight is attached to this 
neither did there appear to have been gentleman’s microscopical researches, 
any viscera by which their motions which are mostly ideal, 
might be impeded, as they swam about V. aureus. — Green, nearly globular, 
os freely as fish in a glass globe, to The small secondary globes within them 
which, mdeed, they bore no faint resem- are of a golden colour, and smooth. sur- 
blance.” face. In rain-water standing on turf. 

The two following species, named V. Diam. of globe 1-30". 
aurtms and V. stcllatm, ore, in the opinion V. stvUulus. — Small, subglobose, some- 

of Profs. Busk, Williamson, and Perty, times oblong, or of an angular form, and 
merely developmental phases of V. Gh~ green colour. The coiitainod globes 
hntor — V. stellatus being the later stage, within them are of a green colour, and 

V. aureus'' says the writer first named have their surfaces tuberculated or stel- 
{oji. cit. p. 32)," exhibits precisely the same lated. Diam. of globe 1-30". 
structure as V. Globator, the only appa- Carter, who accepts this species, de- 





SYSTEMATIC HISTORY OF THE INFUSORIA. 


scribes it in the following words, using 
the quaint terms “ daughters ” and 
“grand-daughters” for the “primary” 
and “ secondary ” generations or gemmae 
of the parent globe of the V^vox : — 
“ Adult form.— Glohulfir, slightly ovoid, 
consisting of three generations or families 
within one another ; containing generally 
eight daughters, in each of which there 
are gentirSly eight grand-daughters in- 
distwctly visible. Daughters confined to 
the posterior three-fourths of the sphe- 
roid, the anterior fourth being empty. 
Progressing with the empty end for- 
wards. Daughters rotating (this marks 
the adult form here also) in their cap- 
sules respectively, which are fixed to the 
internal periphery of the parent. Grand- 
daughters small and indistinct, motion- 
less, and fixed to the internal periphery 
of the daughters respectively. Peripheral 
cells conical and bicuiated, not uniciliated 
as figured by Ehrenberg. 69-1880” long 
and 64-1880” broad.” 

In his subsequent remarks, he maJies 
it the specific point of difierence between 


the primanr gemmro of this V. slellalus 
and V. Globator, that those of the fonnor 
begin to undergo duplicative subdivision 
almost immediately after they appear, or 
“ at the time when they do not exceed 
three times the diameter of the peri- 
pheral cells,” or 1-2700”, instead of “ not 
passing (as in V. Ghbator) into small 
cells until they have arrived at more 
than the 1-300" in diameter.” He also 
alludes to differences between these two 
species in the form of the spennatozoids 
and the mode of fecundation. We ven- 
tui*e to remark that if these latter par- 
ticulars are sufficient to indicate specific 
differences, it is not so with the size of 
vegetable cells at which fission may 
commence. The history of all the sim- 
plest cellular organisms we know of 
show's that the period of cell-life, and 
therefore the dimensions of the cells at 
which it occurs, stands in no constant 
relation with the n(jt of fission. 'Fhe 
size of a cell and the proclivity to fission 
d^end much on external conditions 
afiocting its vital octi^dty. 


The following genera are distinguished by Perty : — 

Genus SYJS’APHIA (Perty). — Corpuscles from 10 to 12, aggregated together 
within a spherical gelatinous envelope, in mutual contact, so as to form a 
compact mass. The corpuscles, each furnished with a single filament, are 
not spherical but angular and wedge- or pear-shaped, with the wide end 
turned tow^ards the pheriphery. In vciy exceptional specimens the gonidia 
are somewhat separated from each other. Length of filament equal to, or 
li the diameter of the corpuscle, and very fine. The relation between 
Gonium and PediasU'V/m has been noted by Cohn and other observers ; but 
that between this newly-constituted genus of Perty and the second-named 
group is much more striking, whether the description given or the illustrative 
figures be considered; indeed the impression forces itself upon us, that 
Synaphia is simply a form of Pediastrum. This impression is moreover 
strengthened by the fact mentioned by Perty, that the movement of the 
organism, and the fine filament, disappear as the organism advances in age 
and dimensions. 


Synaphia thfjardinii (Perty). — Cor- 
puscles clear green to dark or blackish 
green, measuring within the enclosing 
envelope 1-1300” to 1-360”, more com- 
monly from 1-720” to 1-4^”. Move- 
ments torpid or tolerably quick, around 
one ' or other axis, always oscillating. 
The filaments arcj only visible when the 
spherical colony is at rest. The radi- 
ating grouping of the individual gonidia 
is not completely symmetrical ; some- 
times the spherical figure is exchanged 


for an ellipsoid. The gelatinous envelope 
varies in breadth, is cleoi* and trans- 
lucent, rarely having a rod blush under 
the microscope,^ and, in large specimens, 
frequently divided by fine fines into 
two or three halos. When dying, the 
several coipuscles detach themselves, and 
after death do not undergo diffiuence, 
but turn yellow and ultimately dissolve 
awf^. Frequently a green granule is 
visible iutcnially, and a scarcely-dis- 
ceruible red point. 


Genus HIIIMIDIUM (XIX. J6) (Perty). — A chain of. from 4 to 8, very 
small rounded corpuscles of a pale green colour, surrounded by a gelatinous 
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envelope. This gemis appears to us very erroneously referred to the V olvociiiu ; 
but the figures given are not sufficient to determine to what family they more 
rightly belong. 

IlmMiDiuM inane (xix. 16). — Cor- common envelope ineonapicuouM. Length 
piiscles irregularly spherical, almost cup- of chain 1-360" ; size of individual cor- 
shaped, and probably furnished each with pusclos 1-1900". From its smallness, this 
two iilaments. Some very fine molecules, organism is difficult of obsiiiwation, ami 
one generally of a hark liuo, perceptible requires further investigation. Only in 
inteinally. The chain advances quickly small numbers, in some ponds in "the 
])y rm olving on its long axis j gelatinous ; canton of Bern. 

Wemock characterized several new genera, which ho referred to tlic Poly- 
gastiica of Ehrenbcrg {Mohiatsh. dev Berl. AJetuL 1841, p. 377), two of which 
are to be inserted in this family, as allies of Pandorhia, and arc very biiefly 
characterized under the names of Ctdia and Stephatioma : — 

CALIA. — Monads imbedded in a gelatinous mass, affixed to plants, and 
not swimming freely about. Two species are known ; the characters not given. 
This genus is very probably nothing more than one of the simple Algae. 

STEPHAN OM A with a single zone of corpuscles, which divide 
like the cells of Gonhim. One species observed exhibiting a circlet of sphe- 
nilos united to form a wreath or zone. This genus is probably the same as 
Stephamspheera (Cohn, A. N, //. 1852, p. 407). 

Genus STEPHANOSPH^ilRA (Cohn) (XIX. 38-58). — A family of colls, 
rotating and moving throughout life ; composed of eiijJit green piiraordial 
cells, each bearing tivo active cilia ; arranged at equal distances in a circle, 
enclosed in a common hyaline ylohose vesicle, or common envelope ; ])ro- 
pjigatcd both by macrogonuUa (originating from elghifohl division of each of 
the green cells), which bear two cilia, and are (jongregated into eight octonaiy 
families, and by very numerous smaller microgonidia (producjod by multifold 
dmsion), revolving at first within the common vesicle by the action of four 
cilia, and then escaping singly. 

STEPHANOSniiEBA pluciuHs. — Greeii, l-40th of a line (0*028 to 0*055 mm.), 
colls globose, elliptical, or fusifoim, often Revives after aesiccation. Inhabits 
running out into mucous rays at both hollow stones filled with rain-water, in 
ends. Diameter of the ctdls = l-330tli to company with Chlamydococcus 2)luvialis *. 

1 -180th of a line (0*0065 to 0*012 min.) j Salzburg, Wermrk?; Zamora, A. von 
diameter of common vesicle = l-80th to Frani^im ; flirschberg, Von Flotow. 

Dr. Strethill Wright has met with Stcplmnosphmra in Scotland. 

FAMILY V.— VIBlilONIA (see p. 184). 

(XVIII. 57-09.) 

Accokdtno to Ehrenbcrg, the members of this family are distinctly or ap- 
parently polygastric, but without a true alimentary canal; have neither 
appendages nor lorica, and are incapable of changing the foi*m of their body, 
'fhey are linked together in tlircad-lik«) chains, formed by their impeidect 
transverse self- division. Information respecting the Vibrionia is very iin- 
])erfect ; this is attributable to the exceeding minuteness of the individual ani- 
malcules which compose the chains. These last have never any determinate 
length, or number of component corpuscles, and they are sometimes so short 
as to be made up of not more than two or three individuals, which are only 
distinguishable from Monas Termo and M, Crepusetdum by their union in 
chains, and by their peculiar, though not easily charactenzed movements. 
The motion of the chains is generally of a writhing character. In one genua 
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(Bacterhm), a single vibratory filament is present. In this same genus the 
individuals are strimg more tightly together, so that the filiform cluster, not 
being able to exert the writhing movement seen in the true Vibrionia, moves 
rigiiSy in a direct course. In Spirillum the articulations or lines of imperfect 
fission are oblique ; hence increase in length by division engenders a sxiiral 
chain. 

The animals of this family, says Dujardin, are the first Infusoria which 
present themselves in all infusions, and those which from ^eir extreme small- 
ness and the imperfection of our means of observation must bo considered the 
most simple ; .... and it is only their more or less active movements which 
lead to their being regarded as . animals. I have been sometimes induced to 
believe that a flogcUiform filamont, analogous to tliat of Monads, or rathcir a 
spiral undulating one, exists, and that this is the cause of the peculiar mode 
of locomotion. Is the Bacterium trilocuhire, described by Ehrenberg as having 
a proboscis, a true Vibrio ? 

“ All that can be with certainty predicted respecting their organization is 
that they are contractile, and propagate by spontaneous fission, often imperfect, 
and hence giving rise to chains of greater or less length.” 

As stated in our general history of the family (p. 184), the present tendency 
among naturalists is to refer Vibrionia to the vegetable kingdom. Cohn 
assigns them a place in the fiimily MycophyccDc among the microscopic aquaticj 
Fungi. Perty retains them in his group Phytozoida, expregsing at the same 
time his conviction that they arc of a vegetable nature. Indeed the only 
reasons advanced by Ehrenberg in support of the animality of V’^ibrionia arc, 
that they are actively, and, to his apprehension, voluntarily moving beings, 
and multiply by self-di vision, — reasons which, in the present state of know- 
ledge, must be held worthless. A re-examination of all the enumerated 
species, as Cohn remarks, is imperatively necessary before wo can come to 
any safe conclusions relative to the true structure and affinities of the 
Vibrionia ; and this same able observer lias himself set the example by con- 
ducting such an examination of one species ns to clearly indicate its physio- 
logical charactci's and its relation ^to Palmella and Tetraspora among the 
Algffi, and more particularly to Sph(erotilus among Mycophycca). 

The A'ibrionia are developed with extreme rapidity in all lijjuids containing 
changed or decomposed organic substcances, in animal fluids — the saliva, serum, 
urine, &c. WTien colouring matter has been mingled Avith the water, its 
imbibition by the corpuscles has never been obseiwcd. 

This family is distributed by Ehrenberg as follows : — 

Articulated tlircads (clusters) f Inflexible Pocterium. 

strai/^lit, tho transverse divisions^ 

being rectangular [ Flexible, like a snake Vibrio. 


Articulated threads .spirally twisted 
(like a bell-spring or eork-serew), 
the transverse divisions being 
^oblique 


f Flexible 


^ Inflexible. . . 


^with a eylindrically- 1 
extended spiral form. J 

with a compressed ) 
^ spiral form J 


Spirochictn. 

Spirillum. 


Spirodiseus. 


On this subdivision of the family Vibrionia, Cohn {Entw, p. 117) has ex- 
pressed himself very strongly. Ho says, An inextricablo confusion prevails 
when specific characteristics are attempted : wc have tho observations, good 
and bad, of various authors, weak and strong amplification of the objects, 
young and old conditions commingled without any critical endeavour to 
distingmsh between them.” Feeling that there is no sufficient basis for it, 
Lohn d(K's not attempt a classification of the A^ibiionia. The Monas Lincoln 
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(E.) or Bactermm Termo (Duj.) is, according to his wcll-conductcd investiga- 
tions, no other than the swarming stage of a microscopic aquatic fungus 
belonging to the Mycopliycero, of which hd makes a new genus, named 
Zooglcea : again, Spirocliceta plicatilis is, in his opinion, an Alga of the genus 
J^pirulhia, and the stiff Vibrios allies at least of the Oscillarisea, of the genus 
Bcgcjmtoa ; the shorter Vibrios mA. Spirilla likewise resemble Oscillaricea and 
Sinrulina, 

Should Cohn’s opinions be confirmed, the Vibrionia, as a distinct family, 
would be well nigh broken up. In fact, his views arc generally acceded to ; 
for Perty, Burnett, and others all point out their peculiar affinities with the 
OsciUarico, and discover similar forms among the transitional phases of various 
Algae, and, indeed, among the anthcridial spores of higlicr plants. The 
value of Spirodisciis as a genus is little insisted upon by Ehrenberg, who 
instituted it ; and in all probability it should be set aside, and SpirocJiceta also 
be sacrificed with it. The only species of Spirodiscus named. Forty surmises, 
might have been nothing more than the spore of a fungus. Dr. Burnett has 
expressed himsMf as follows to the same effect ; for ho observes, When wo 
come to organisms as minute as these, the distinguishing characteiistics of 
genera and species become too obscure and equivocal to have much value ; and 
the best microscopists have arrived at the conclusion that such distinctions 
arc too refined and will not boar the test of cxpeHcnce. 

“The genus Vibrio — the simplest — I regard as the first appearance of the 
young Alga, existing then as the smallest cells, arranged in linear series. 
'Ihc genera SpiHllum and Bacterium, composed of larger forms, and of a finer 
and more solid structure, represent the more advanced forms ; and as all Algm, 
as they advance in size, tend to consolidate into mycodermous forms, losing 
much of their primitive cell-structure, so these two genera appear to have lost 
their old beaded type. As for the two remaining genera, SpirocJiceta and 
Spirodisciis, but little is positively known. They scarcely appear to belong 
to the other forms of this family ; and as Ehrenberg himself has expressed a 
doubt upon the subject, one may as well omit a further notice. Therefore, 
in a structural point of view, the species of this family seem to bo only Algm 
at different stages of growth.” 

Dujardin instituted only three genera of Vibrionia, viz, ; 1. Bactermm — 
straight, slightly flexible threads, more or less dLstinctly jointed, and slow in 
their movements ; 2. Vibrio — cither straight or flexuose, with a more or less 
vivacious writhing movement ; 3. Spirillum — ^having the fonn of a corkscrew, 
revolving on their long axis, oftentimes with great rapidity, but never straight. 
Forty has made a more ambitious attempt to classify these minute organisms ; 
of its utility, however, little can be said, for our acquaintance with .them is too 
imperfect to establish satisfactorily any distribution of them. To resume : 
Forty makes a section of his heterogeneous group Fhytozoida, which ho calls 
Lampozoidia, represented by the one family ‘‘ Vibrionida.” The Lampo^ 
zoidia ” are defined os ‘‘ colourless, or rarely blue, yellow, or red, never green, 
organisms, without special organs, and Avith scarcely a trace of ^fferentiation 
of substance. Their motions, though seemingly voluntary, arc in fact only 
automatic. They multiply by transverse fission, and in so doing produce chains 
and fibres.” Of the family Vibrionida, two varieties are distinguishable : — 
A. Spirillina, in which the chain or fibre is spirally coiled ; B. Bacterina, in 
which it is contorted or straight. Spirillina contains two genera, SpirocJiceta 
and Spirillum ; whilst Bacterina is made up of four, viz. Vihmo, Bacterium, 
MetaMacter, and Spwonema. The new genera named will follow after our 
account of those recognized by Ehrenberg, ancl the notes on the others in 
their proper places. 
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Genus BACTERIUM. — ^Mbrionin distinguished by the corimsclcs being 
connected together in a thread-like more or less rigid or inflexible cJiain, and 
by multiplying by transverse self-division at right angles to the chain. 

The three species known are colourless, and extremely minute. Ehrcnbcrg 
remarks “ that only one of the species has been satisfactorily determined, 
and that their organic relations are altogether so obscure, that our judgment 
respecting them must unavoidably be left in a fluctuating state.” In B, 
triloculare a vibratory proboscis, a granular mass within the body of the crea- 
ture, and spontaneous division arc discoverable. All the sj^ecies enjoy an 
active power of locomotion. Perty says that he is unacquainted with tlu^ 
species of Bacterium enumerated by Ehrcnbcrg. 

A magnifying power below 500 diametcra will not exhibit the divisions 
or transverse linos between the individuals or links of the wand or chain. 
BacfteriumoccViXH around decomposed vegetable matter, on the surface of water 
containing Chara, &o. 

Bacterium triloculare, — Chain in 1-11520" (xviii. 57). Group 57 repro- 
the foiTU of short cylinder of from two sents several of them ; fwo towards the 
to five oval corpuscles, and generalfy right are magnifiiid 1000, the others 200 
about three times as long as tlieir dia- diameters. 

meter; transverse junction-lines distinct. B. Bnchelys. — t^liain composed of 
Ehrenberg has observed not more than somewhat indistinct, colourless, cn jil 
five links" together, nor less than two. coiq)uscles unitt'd in smaller cylinders 
‘‘By throwing,” ho adds, “a little colour- than the preceding; transverse lines 
matter into the water, an evident faintly marked. In river water. Length 
vibration may be perceived near the an- of chain 1-2880". 

terior portion of uie corpuscle or of the B. P(POic^w/n.--Chain cylindrical, corn- 
chain ; and upon a very close inspection posed of indistinct, colourless, globose 
a simple filiform, though short, proboscis coi*pusclos ; much smallisr than the pn*- 
may be seen, which, in the larger sped- ceding species ; transverae lines faintly 
mens, is one-third the length of the body, marked. In water wlu^reiii bread has 
and in the smaller, one-half.” The motion been steeped. Length of chain 1-4032". 
of this creature is tremulous, or slowfy B. Catenula (D.). — Filiform, cyliiidri- 
revolving upon its longitudinal axis. cal. Length of individuals 1-8(500" to 
In the water of bogs. Length of chain l-(3500" ; 3, 4, or 6 are united togetlun*, 
1-4800" to 1-2304" ; single corpuscle forming a chain 1-13(X)" in length. 

Genus VIBRIO. — ^Characterized by the corpuscles being connected together, 
through incomplete self-division, in filiform flexible chains resembling in 
miniature the figiu'o and movements of a snake. Junction-lines at right 
angles to chain. 

Vibrio Lineola {Bacterium 2'errnoy \ gi’ccablc odour. Ticngth of wand 1-3600". 
Duj.) (xviii. 69). — Forms a minute V. Wand slender and elon- 

cylmdrical jind slightly flexible wand, gated ; cfdourloss ; articulationa distinct ; 
rounded at both ends ; separate cor- motion slightly vibrating, without vary- 
pusclos somewhat indistinct, of nearly ing the direct position of the articufa- 
globular form, and colourless. Common I tions. Longtli 1-450"; thickness 1-24000". 
in vegetable infusions, especially around Perty says this species is only a variety 
the stalks of flowers in glasses', and in of V, (3tetnUacte^ Badllm. 
foul ponds. Length of wand, from V. M.) fxviii. 

1-3600" to 1-2(X)". Thickness 1-3600". i 04). — Wand elongated ;' stouter than the 
Both Cohn and Perty join in the use of | preceding; articulations distinct; and 
Dujardin’s name for this species, and in ; colourless ; motion brisk and seipcntinc ; 
representing Ehrenberg as in error in • common in infusions and foul water! 
identifying and fixing its characters (see j Length 1-580" ; thickness 1-12000". 
genus ZooGLcEA). prolifer. — Wand short, stout, and 

V. tremulans.—Vf Km\ short; stouter, colourless'; articulations distinct. Mo- 
yet more flexible, . than the preceding; ! tion slow and tortuous. In infusions 
aniculations of an oblong form, mot ' where mildew is present. 1-1100". 
distinct. In water emitting a di.sa- i \ . Bacillm MetaUacter Bacill^^^ 
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(l*erty). — Wiiiid eJoiig^atiid, and 

transparent ; articulations distinct, or be- 
come so when dried ; motion serpentine ; 
form straij^lit whim quiescent (xviii. G2). 
Ill vegetable infusions and fetid water. 
Length 1-200'' j thicknt'ss 1-17200". 

V. syaxanthns , — ^Wands (bacilli) very 
Hue and short, rather lloxuoao, riircly, of 
more than tivo segments (individuals), 


yellow and minute. Corpuscles 1-7(XXX)" 
to 1-62(XX)". In decomposing cow’s- 
milk, in which it produces a yellow tint. 

V. syncyanus , — Wands very slender 
and short, somewhat Ilex nose, of seldom 
more than five segments, very small, and 
of a blue colour. l-780()0" to 1-52(XX)". 
Also found in cow’s-milk, in which it 
produces a decided blue shade. 


Tlio following spocios ai'c from Lujardin’s work 


V. serpem (M.). — Body very long, fili- 
form, undulating, gem'mlly pursuing a 
rectilinear course, with from ten to 
fifteen bends in its length. 1-1050". 

V. amhiyum . — Under this name, l)ii- 
jardiii di3seribes a Vihno with stiff fili- 
Ibrm joints like tliose of V. Bacillus^ but 
mucir larg(U’ (xviii. 00). Four or five, 
or oven more, were avticulated together ; 
owing to the l;irge dimensions, each joint 
could bo seen composed of a resistant | 


tubt‘, in which a glutinous substance was 
nioru or less closely packed. Moreover, 
a bifurcation at tlie extremity of a joint 
was sometiiiKis seen to occur, giving rLse 
to two rows of branching chains, of more 
or less length. 

Such observations tend to render the 
animality doubtful, not oidy of this 
Vibrioy but also of the similar but smaller 
V, Bacillus, 


Genus 8P[1U)CH-A5TA. — Chains spiral, filiform and flexible, lengthening 
by the imperfect or incomplete mode of self-division. The details of orgft>- 
nization arc at present unknown. Dujardin does not admit this as a genus 
distinguishable from SpicUlum\ and Cohn is unable to discover any suf- 
ficiently distinctive characters between this and the acknowledged vegetable 
genus i^pindhm, Sjnrochceta moves with an immense activity, surpassing 
what is observed in the recognized species of Sinrnlina ; but this difference 
is not sufficient to separate the two genetically. Spirtilhia pUcatills is figured 
(XVIII. 67, 08). Cohn moreover inclines to the opinion that SjdruUna, 
Spirochivta, and /Spir Ilium arc members of one common group of organisms of 
a vegetable nature. The distinctive feature between find Spimlhm 
is the small number of corpuscles found united in the chains of the former 
compared with the latter. 


S^mocuJETA jilicatil is {Vibrio serpensy 
M.) (xviii. 63). — Coipu.S(;los vciy deli- 
cate, nearly globular, connected together 
in a long, lilifonn, spinil chain, having 


minierous and closely-arranged coils ; 
colourless. At Tilbury Fort. Length 
of chain 1-170" to 1-440" j thickness 
1 - 12000 ." 


Genus SPIRILLUM. — Ilcvclopcs in the form of tortuous chains, or of 
indexible and cylindrical sinrals. The incomplete self-divisioh, which is 
oblitpie ill direction, produces the choi'actoristic coiling of the chain. Motion 
brisk and energetic. 


Spirillum tenuc. — Spiral of throe or 
four coils, constituted of very slender, 
slightly bent colourless fibres ; articu- 
lations distinct. In vegetable infusions. 
Length about 1-900"; thickness 1-1200". 

S. Unduhi ( Vibrio Undula, M.) (xviii. 
50 -01). — Spiral of one turn and a-hnlf ,* 
corpuscles short, stout, and much bent ; 
articulations distinct ; colourless ; when 
dry, the articulations are more distinct. 
In stagnant water 'having a mildew 
scent. Length about l-150t)" ; thickness 


1-2(XXX)". This species, Perty remarks, 
frequently grows so os to form clusters 
or masses which are motionless, and, 
like all the rest of the Vibrionia, never 
produces true vegetable fibres. 

S. volutans ( Vibrio Spirillum, M.). — Of 
three, four, or more coils; fibres very 
tortuous, long, and stout; articulations 
distinct ; colourless. In vegetable infu- 
sions. Length of spiral 1-2200" to 
1-500" ; thicltncss l-l4400". 
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Perty adds the following species ; — 

with a delicate^ wavy, hair-like proboscis. 
These creatures, foimd in the reproduc- 
tive organs of plants, were called by their 
discoverer. Dr. Unger of Grntz, spermatic 
animalcules, and are described ui detail 
in the Reyemhurger Botan, Flora, 18:14 ; 
and also in the 18th vol. of the Nora 
Acta Nat. Cur., Bonn, 1838. A con- 
densed view of this subject is given by 
Dr. Mcyen in the Jahreshencht for 18:18, 
from which the appended traiLslation is 
made. The accompanying illustrations 
(xvTi. 620-531) were kindly supplied by 
Dr. Unger for this work. 

“ The spermatic animalcules in Sphagnum consist, according to the earlier 
observations of Unger, of a thick body, and a thin filiform tail ; when in motion, 
this tail being anterior, ho considers it analogous to the proboscis (fihiment) 
of many of the Infusoria. No true active motion of the body itself has been 
obser\'ed by Unger ; but ho distinguishes between the mere locomotive and the 
rotary movements of the whole animalcule. The simplest motion takes place 
in a spiral direction ; and if the proboscis is contracted, the movement is 
simply rotary. During the locomotion of the creature, which proceeds in a 
spind manner, Unger saw from one to three revolutions of the body in a second ; 
and during rotation ho noticed the point of the proboscis to bo in a continual 
state of tremor. Unger endeavoured to show that the spermatic animalcules 
of the mosses arc analogous to the spermatic animalcules of animal organisms, 
although we find certain features in the former not seen in the latter, and 
which may somewhat embarrass their classification, the chief of which are 
the steadiness of the spiral direction of the proboscis, and their manner of 
movement. Lately, Unger has found spermatic corpuscles in the antheridia 
of Polytriclium juniperinum, P, commime, P. urniyerum, and P, alpeatre, as 
well as in Funaria hygrometrica , Bryum cuspidatum, B, punctatum, ifec. In 
Polytrichum commune, the coi*pusclcs are foimd in very small hoxahcdral 
cells lyith rounded comers. Generally, whilst in the cells they are motion- 
less; in some, however, a tremulous motion of the thin proboscis was seen, 
and in others, again, a rotato^ motion, intermpted at intervals. The dia- 
meter of the delicate proboscis is 0*004 of an inch. In a few corpuscles, 
isolated from their cells, a trembling oscillating motion of the proboscis was 
perceptible.” 

To these particulars may be added a remark of Dr. Unger, quoted in the 
An7u des Sciences Nat., which led to the introduction of the subject in this 
work. 

“ The doubts, Unger says, which remain concerning some of the organs 
of the animalcules of mosses, further increase the uncertainty as to their 
situation in the scale of beings. From all circumstances, I am inclined to 
place them in the genus Spirillum of Ehrenbcrg, and to describe them under 
the name of S 2 nrillurn BryozoonP 

Mr. Varlcy, in his article on Chara, in the 50th vol. of Trans. Soc. Arts, has 
the following observations on the same structures : — ^ 

“ From these cells ” [in the globule of the axil of the CJumi] « grow out 
numerous clusters of long vessels, possessing the most extraordinary features 
yet observed. When these are first protruded fi:ora the globule, if not quite 
mature enough, their appearance is like dense or strongly- marked ringed 


S. rufwn . — ^Has the figure and size of 
S. Undula, but is of a red colour. No 
articulation discoverable. In pond-water 
about Bern, which had oeen kept 
several weeks. The claim of this to be 
considered a distinct species is highly 
doubtful; for its only assumed cl^*ac- 
teristic, viz. its red colour, is of no 
weight, being in the Phytozoa goneraUy 
a variable condition, due to chemico- 
vital changes in the organisms, and 
ephemeral in duration. 

S. (?) Bryozoon (Un^r) (xvii. 620- 
631). — Coils consist of a thick body. 
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vessels, the divisions of whieh, or their contents, soon begin to appear irre- 
gular .... After a while, these curls within the divisions become agitated : 
some shake or vibrato ; others revolve in their confined places ; and many 
come out, thus showing that they aro spirals of two or three curls ; these, 
witli an agitiitcd motion, swim about .... Now the field of view appears filled 
with life : great numbers of these spirals are seen agitated and moving in all 
directions ; they all have a directilo force, one end going foremost, and never 
the other ; many stray a great way out oj^ the field: these, by getting clear 
of each other, are the best to observe ; they do not quite keep their form as 
a stiff spiral, but their foremost end seems to lash about, and to many arc 
seen attached almost invisible but very long fibres. These fibres were in 
<|uick undulations, which ran in waves from the spiral to their farthest end. 
It api^ears that these fibres cause many of the spirals to entangle together, 
and thus bring them sooner to a state of rest ; therefore the separate ones 
were best to observe.” 

Amojig the mare recent observations on these motile fibrca(from the anthers 
of Cham vulgaris and Ch. hispida)y are those of M. Thuret in the Annales dcs 
Sciences NaturelleSy a translation of which will bo found in the Annals of 
Natural Uistory, vol. vii., from which we extract the following pamgraphs : — 

“ Tho portion of their body most apparent ai)pcarcd like a spirally-rolled 
thread, of three to five curves. They were slightly tinged with green, similar 
to tho nuclei ; and, like them, turned brown with iodine, their two extremities 
becoming more or less coloured (according to the quantity of iodine employed) 
than the rest of tho body, thus indicating a difference of nature in these portions. 
At a little distance behind one extremity proceed two bristles, or tentacula, 
of excessive tenuity, which the animalcule incessantly agitates with great 
rapidity. These are probably organs of locomotion, similar to the filiform 
prolongation found in tho Infusoria without ciUa. Indeed, the part thus 
furnished with tentacula moves foremost, dra\ving after it the rest of tho 
body, which turns about in tho water, but always preserves its corkscrew 
form. The incessant agitation of these tentacula, and their extreme tenuity, 
rendered it impossible to observe them in the living animal ; recourse was 
therefore had to tho evaporation of the water, or to the application of a slight 
tincture of iodine, when tho animalcules ceased their motions, beeamo con- 
tracted, and their spiral unrolled, when the tentacula were rendered very 
distinct, from their brown colour. These tentacula were frequently observed 
to bo soldered together from one-half to one-third of their length upwards ; 
but others were also noticed to be entirely separated do^vn to their bases. A 
swelling similar to that in tho flexure of the body was perceived in their 
curves. 

‘‘Ammonia an*csted their motions, and contracted the body gi'adually into 
a small oval mass, but did not produce the phenomenon of decomposition by 
solution ((lijjliicncc), so remarkable in the Infusoria. A very weak solution 
of hydrochloric acid in water violently contracted them into a shapeless mass.” 

In Plato XVII., figs. 520-522 represent tho spermatozoa found in Poly- 
trichum commune ^ the first figure exhibiting them enclosed in tlic ccUulcs, and 
the others, s^vimming freely. Figures 522-524 are taken from Marchantia 
polymorpha. Figure 525 is from Sphagnum capilUfoUimu All tho abov« 
arc magnified 1000 diametera. Figures 520-528 are from the Chara vulgaris, 
and figures 529-531 from Jungernmnnia pinguis, as figured in Meyen’s work 
{Neues System der PjUtnzen). 

On this subject of vegetable spermatozoa, Schleiden, in his recent work on 
tho “Principles of Botany,” remarks — “The doctrine of vegetable spermatozoa 
is now, I hope, gradually dying away. The gramdes (generally starch), taken 
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from spermatozoa, have indeed lost their life in JFritzscho’s tincture of iodine, 
since their evidently purely physical molecular movement remained un- 
dcstroyed. 

.... Fritzsche has completely settled the matter ; and every unprejudiced 
observer may convince himself with ease of the completely untenable nature 
of the wonders formerly spun out, especially by Meyen. The confirmatory 
observations of Nagoli on this point are also of great value.” 

Again, he says — As to the mechanism of the motion, wo know just as little 
as we do of that of the moving cilia ; of the cause of motion, of the motive 
I)owcr, just as much as of that of the contraction of the primitive muscular 
fibre, of the motion of animal spermatic filaments, and of the vibratile cilia 
on animal and vegetable cells ; that is to say, absolutely nothing.” 

Further, in reference to the motion of the so-called spermatozoa, Schlcidcn 
obsorvc8^‘‘ There can be no question as to its not being a vital phenomenon, 
because the motions continue oven in the alcoholic tincture of iodine (an 
absolute poison for all vegetable and animal life), of which one may readily 
convince himself, find which Fritzsche has, with his well-known accuracy, 
shown to be the case in a great number of plants.” (Dr. Lankcstcr’s trans- 
lation, pp. 99 and 359.) This asisertion of Schlcidcn, that tincture of iodine 
is an absolute poison to all animal and vegetable life, must be received with 
reserve, since animalcular life has been known to exist in agents, such as 
strong acids and mineral poisons, which, d i^'inoriy would appear quite as 
inimical to it as tincture of iodine ; and even minute animals — the Acari, of 
far higher organization than the Polygastrica, have been stated to prcscr\x 
life in strong acetic acid. 

Before dismissing this subject, it may be useful to append some obseiwa- 
tions made by Wagner and Lcuckart, in their elaborate and original article 
before-quoted. 

Having stated that, uj) to the most recent period, the so-named spennatozoa 
of animals have been considered independent animal organisms, or jiarasitical 
animals, and classed among the Infusoria, the authors proceed to sa}’ that 
such assumption i.s perfectly irreconcileablc with our present knowledge of 
these bodies, dciived principally from the discoveries of 11. Wagner, Von 
Sicbold, and Kollikcr : — “ With our existing moons of scientific diagnosis it 
can bo proved that the formations in question are mere elementary consti- 
tuents of the animal organization, like the ova — constituents equally as ncccis- 
sary for the spermatic fluid as the blood-globules arc for the blood. The re- 
markable phenomena of the Ufo of spermatozoa are quite analogous to those 
phenomena of motion observable not only in animal formations, but also in 
vegetable structures— as, for instance, in the spores of A^ao and of the lower 
species of Fungi, and in the so-termed Vihnones which grow out into the fibres 
of the Conferva called llygrocrods. Moreover, an unprejudiced observation will 
prove that the spermatozoa are everywhere void of a special organization, and 
consist of an uniform homogeneous substance, which exhibits, when examined 
by the microscope, a ycUow amber-like glitter. The opinion of an internal 
organization of the developed animal elements^ was not a little supported by 
the various remarkable phenomena of motion which wore frequently perceived 
in them. In former times, when people had no idea of the existence and 
extent of the so-called automatic phenomena of motions which take place 
without the intervention or influence of the nervous system — ^when notliing 
was known of the motion very similar to a toluntary one which exists even 
in plants — this movement was certainly calculated to place the independent 
animal nature of the spcimatozoa beyond a doubt. But H is different now. 
We know that motion is not an exclusive nttributc of animals, and that an 
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iiiforcnce respecting the animal nature of the formations in question, however 
similt'ir the motion observed in them may be to that of animal organizations, 
is a very unsafe and venturesome one. 

** Wc know that certain elementary constituents, animal as well as vegeta- 
ble, possess a power of movement, and that they retain it for some time after 
having been separated from the organisms to which they belonged. We only 
need hero remind our readers of the so-called ciliated epithelium, the several 
colls of which swim about in the fluid suirounding them, and have not un- 
frequcntlj", and that oven quite recently, been considered independent animals ; 
or, again, of the spores of the Algflo, which actively move by the aid of a ciliated 
investment, or of a single or manifold long whip-liko fibre, until they eventually 
become fixed and dovclope themselves into a new plant. Such spores as these 
may be found described and illustrated in the well-known magnificent work 
of Ehrenberg, classified as Infusoria, under the groups of Monadina, Volvo- 
cina, &c. 

Under such circumstances wo may consider ourselves perfectly justified 
in declaring every attempt to prove the parasitic nature of the spermatozoa 
by the characteristic of their peculiar motion, os futile and inadmissible.” 

Genus SPIRODISCUS (XVIII. 63). — Self-division imperfect and oblique, 
producing elongated chains, or inflexible spirals, of a disc-like figure. Its 
organization is so little known that Ehrenberg considers the genus as by no 
means satisfactorily determined ; indeed there is little doubt that it is not a 
member of the Vibrionia. 

SiunoDiscirs fulrtis. — A lenticular sents three spirals, magnified 200 dia- 
spiral, of a yellowish brown colour, meters. Amongst Coniervae. Breadth 
Articulation indistinct, xviii. 03 repre- of spiral 1-1200". 

Genus ZOOGLCEA (Cohn). — Cells (coipuscles) very minute, bacilliform, 
hyaline, aggregated together in a hyaline muco-gclatinous, globose grape- 
like, and subsequently membranaceous mass, from which they may detach 
themselves, and swim aAvay with a vacillating movement. 

Zoo(}i.fEA Termo, — Free, moveable described fonns of Chyptococais, and to 
cells, straight, from 1-2000'" to 1-700"'. JiacUriuni Tenno (Duj.), the Vihno 
Tt is (!qui valent to Paltnclla infimonum Lineohi (E.) (x^^II. 69), (See Port I. 
(13.), Miemloa teres (vonllotow), to some p. 187 et seq.) 

Genus METALLACTEll (Pci-ty). — Bacterhim-YikQ corpuscles, growing by 
repeated imperfect division into stilF or slightly flexible fibres (chains), which, 
under certain determinate conditions, eventually lose their power of movement 
and grow into y/^^rocroc/s-likc, tangled, fibrous masses, colourless or of a 
greyish hue. ' 

Mktallacteu Iia€illus= Vibrio Ba-- are, in Forty’s judgment, nothing more 
cillus, — Articulation unobservable, or than delicate and transparent varieties 
seen with mucli difficulty. Vibrio mb- of this same orgmiism. In Switzerland, 
tilis (E.) and Bacterium Cateuula (Duj.) in foul pond-water, at all seasons. 

Genus SPORONEMA (Perty) (XVIII. 65). — Very minute, cylindrical, 
unarticulatcd, hollow fibres, closed at one end (rarely at both), frequently 
enclosing two elliptical corpuscles (probably spores). 

Spohonema gracile (xviii. 66). — Movemeuts tolerably quick, either end 
Fibres from 1-700"' to 1-80'" long, and forward. Specimens occur where the 
1-1000'", and under, broad, of extremely spores distend the fibre; others contain 
pale-greenish tint. Often occurs with none. In the sediment of pond-water 
MdiSUieter BaciUm, which it much re- containing Chara and I^cnma, from 
somblos ; yet is always non-art iciilate. various Swiss localities. 
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In £h^|iib6xg^Bi syatom tho family dostenna follows here, but in this edi- 
tion it 19 ; transfeited to tiio DosmiiUeas, of which it constitutes on important 
gpnus« (Sea Part I. p. 1 «ey.) 

' ; PAMILY VI.— ASTA^LSA OB EUGLEN^A (seo p. 188). 

> (XVIII. 35-56 ; XX. 15-21). 

Tick, me^ber^ of this family are, according to Ehronberg, characterized by 
being deficient of a lame . oUmentary canal and lorica, and by having a single 
aperture and the ^wer of changing thoir form at pleasure. Their organs 
of locomotion insist of a tail.in most coses, a single filament in three genera, 
and a double one in a fourth. It is^robable that filaments exist also in the 
other two. genem, Colacium and Distigifna. The internal vesicles were pre- 
sumed to be’ gastric sacs, although tho usual test of their being so, viz. the 
application of coloured food, failed in. Ehrenberg’s hands; yet, ho says, he 
noticed some manifestations of a digestive power in the green and red cells of 
Euglena viridis. In Evglena there are; besides green ova (granules), a gland 
(nucleus) and a contractile vesicle ; but Astasia^ Distignm^ and Colacium ex- 
hibit only ova. Large red points are found in five genera. In Euglena 
longlcauda and E. amhlyojphis, adds Ehrenberg, ‘‘ the first indication of tho 
presence of nervous matter to bo found in the polygastric Infusoria ” is met 
with in tho form of a .white glandular knot, situated below the eye. 

The following table illustrates the characters of tho genera of this family 


as instituted by Ehrenberg : — 

Eye wanting Astasia. 

^With one Tail wanting Amblyopliis. 

' /BVee . [ Tail proseiit Euglciio. 

With one eye i WiUi two proboscides Chlorogoniuin. 

' Eye present | 

^ Attached by a pedicle Colacium. 

( With two eyes Distigma. 


The family Euglcnaca (Eugleniens) of Dujardin in a great measure corre- 
sponds with that of Astasima of Ehrenberg ; but Dujardin prefers the tenn 
Euglenoca, on account of the resemblance of the other name to that of a 
family of Crustaceans, viz. tho Astaciaca. 

Dujardin looks upon the so-called eyes as insufficient to afford generic 
characters, which ho would derive from the nature or apparent structure of 
the interment, and tho number and mode of insertion of the filaments. On 
these principles he establishes a genus Polyselmis, characterized by its many 
filaments ; two genera, Zygoselmis and lleteronema, by a pair of filaments, in 
the former of equal, in the latter of unequal size. The remaining Euglensoa, 
which have but a single filament, can bo but uncertainly defined : such arc 
the Euglenm, mostly coloured, and having a red eye-speck and a tail ; tho 
Astasice without colour and tail, but with a filament flexible throughout, and 
springing abruptly from a notch in the anterior extremity ; and the Ptranemce 
only differing from tho Astasice in having a filament rigid at tho base, and 
apparently a continuation of tho tapering anterior extremity of the animalcule. 
The two last genera are, however, but provisional. 

Astasiaea is one of the families in the group of Phytozoidia of Perty, who 
ignores tho genera Anihhjophis and Distigma of Ehrenberg, adoi)ts the Pera~ 
nema and Zygosehnis of Diijardin, and adds, as noAV genera, Eiitreptia and 
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Dinema. Again^ Schneider {A. AT. AT. 1864, xiv. p. 327) wotild separate 
Chhroyonium from the Astasisea on account of its unchangeable form^-and Mr. 
Carter (A. N, II. 1856, xviii, p. 116,„and 1859, iii* p. 15) would refer Euglmqs 
to the vegetable, and Astasloe to the animal li^gdom. The differences pre- 
vailing among naturalists relative to the beings to be admitted into the family 
Astasiaca indicato either that its characters are not laid down with sufficient 
precision, or that it is not a natural group. The power to vary the figure 
can bo no adequate character ; for this is partaken by the gonidia of various 
Algm in certain ainoebiform stages of existence, and, on the other hand, is 
absent in some species enumerated by Ehrenberg in the genus as 

well as in Clilorogonium. Tlio tapering or tail-like prolongation of one ex- 
tremity, the existence of one, two, or more ciliary filaments, as also of a red 
speck, are likewise features common to numerous zoospores. Even when 
appeal is made to their internal organization and functions, nothing appears 
whereon the definite characters of a natural family can be built. Eor, on tho 
one hand, tho organization assigned them by Ehrenberg is now held to be 
untenable, . and, on tho other, no harmony prevails respecting Iho internal 
structure as recorded by different observers of tho various genera. Mr. 
Carter, in tho paper just quoted, states unhesitatingly that most pf'thc 
Astusice enumerated by Ehrenberg ore animal forms, whilst the Evglerm 
are vegetable. He remarks that, although no two Infusoria can bo more 
alike than Astasia limpida and Euglena when casually observed .... yet the 
absence of chlorophyll and the presence of a stomachal cavity, &c. for the 
digestion of crude food in tho former, and tho presence of chlorophyll and 
absence of a stomachal cavity, as well os of all means of taking in crude food 
for. digestion, in tho latter, are distinguishing characters which at once place 
Astasia limpida on the animal, and Euglena on tho vegetable side, respectively, 
of the great organic kingdom ; yet both Ehrenberg and Dujardin have classed 
Astasia and Ewjletia together.’’ 

If the organic difference between Astasice and Eiiglence bo what Mr. Carter 
assorts, his proposition to divide the Astasiaea of Ehrenberg into two families, 
viz. Astasicca and Euglcnoea, must bo accepted. 

The Astasiaja inhabit ponds, mostly occurring on the surface, and frequently 
tinge tlic water with their own colour when their multiplication has been 
vciy^ rapid. WTion swimming, they present an elongated form, but when 
fixed, often appear as round globules. From their beautiful coloiu’, their 
ever varying changes of form, and tho rapidity of some of their vital acts, 
they are most interesting and pretty objects under the microscope, and from 
their common occurrence are almost alw'ays at hand for the student. Many 
arc capable of progressing by alternately fixing and advancing tho head and 
tail after tho manner of a leech, as well as by the usual process of swimming. 

Genus ASTASIA (XVIII. 36, 48,49, 50). — Individuals free (not attached 
by a pedicle), and furnished with a long or short tail, but no e 5 ^e-sjjecks. A. 
jmsilla is the only species in which vacuoles have been clearly seen. Ova 
(granules) are perceptible in A. hmnatodes, and probably exist in the three 
other species ; a locomotive organ in the form of a thread-like proboscis Exists 
in A. pusilla. Perty unites this genus with Distigma. Tho immense num-r 
hers in which these Infiisoria are sometimes developed in a few days, and the 
blood -red colour they impart, have not unfrequently been the cause of con- 
siderable alarm and anxiety to persons residing in the vicinity of ponds or 
small lakes which have become blood-coloured by their swarming. 

Hujardin’s genus Astasia is defined as colourless, obtuse or rounded poste- 
riorly ; whilst those dcsciibcd by Ehrenberg are mostly green or red, and 
provided with a longer or shorter caudal prolongation. 
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Astasia heemaiodes (xvm. 86, twa 
iiffs.). — Body fusiform or spindle-shaped 
wnen extended; tail very short; body 
green at first, afterwards of a blood-red 
colour. The illustrations represent one 
creature extended, and another con- 
tracted. Hampstead. 1-380". This spe- 
cies is referred by Dujardin and Carter to 
the genus Euglena, 

A. Jiavicans, — Extensible, cone- 
shaped, approaching cylindrical, and 
rounded at the foremost extremity. Tail 
very short and blunt; granules of a 
yellowish colour. In yellow ditch- 
water. Length about 1-430". 

A. pusUla, — Extensible, cone-shaped, 
swelling out and rounded at the foi'e 
extremity, tail very short and pointed ; 
colourless. Motor filaments above twice 
the length of the body. Movements 
slow; but rotation on the longitudinal 
axis rapid. Several phases of Eugleiut 
viridia resemt3le, this species in form, 
molecidar oiTangement of contents, size, 
and motion, and are peculiar only on 
account of their gi*een colour and. red 
stigma. Ehrenberg remarks that they 
are often so abundant that thousands, 
perhaps millions, of these creatures ai*e 
sometimes contained in the hollow of a 
watch-glass, and form a stratum on the 
surface of the water. Tiny might btJ 
mistaken for the young of'the 
vicam, but that the vesicles within them 
are larger than those in that species, 
which IS, moreover, without proboscis. 
As soon as a little colouring matter was 
thrown into the w'ater, an evident cur- 
rent was observ^ed near the fore part of 
the creature ; and by this means, in 18il3, 
the thread-like filament, which is about 
half the length of the body, was first 
perceived. Sometimes the entire crea- 
ture appears to glisten. Should this 
species, upon closer inspection, be found 
to be ciliated, it would Ibe rightly placed 
among Peridiniaea. 1-1440" to 1-500". 
The size of the vesicles remarked by 
Ehrenberg is nodistinctivo character; and 
Mr. Carter believes that both tliis species 
and A, Jlavicam five either identical with 
or very nearly allied to A. Umpiday and 
therotbro animal oiganisms, unlike the 
EiujlmeBf to which &ey have a general 
resemblance. < 

A. (?) viridis, — Extensible ; of an 
ovate-oblong form, distended a little at 
the middle ; tail ve^ short and pointed ; 
green. Amongst ConfervsD. 1-1200" 
to 1-000". This species and A. hfuma- 
todvs are, in Duiardin’s opinion, members 
(»f the genus Eiujlvtuiy the only appre- 


ciable difierence between them being the 

E resence of a red stigma in this genus, 
a this opinion Mr. Garter coincides. 

A. nivalis (Vogt) (xvii. 632-533). — 
Oval, extremities rounded, rarely peiu*- 
shaped, colour deep reddish-brown, mo- 
tion rapid. Found with Protococcus ne- 
hulosus in snow (Switzerland). 1-1600". 
M. Vogt, in his occomit of the Astasia 
nivalis, describes it as invested with a 
carapace (lorica), mpen only at tho an- 
terior extremity. This opening is fur- 
nished with numerous small cilia ^ and 
here, doubtless, tho mouth is situated, 
the indication of which is given by an 
orange-coloured tint, which is clearer 
than that of tho rest of the animal. 

The presence of a lorica and cilia 
ailbrds a character which does not 
allow this animalculo to be plactid with 
Astasuty as Shuttle worth has done; on 
the contrary, it ought to bo placed in 
the family I’eridiuiiea (Ehr.), or else be 
regarded as the type of a new genus, 
distinguished by the absence of a groove 
in the lorica, and by the stilt' hairs of 
Peridinium btuiig replaced by soft cilia." 
(On the Aniinalciiles of tho lied Snow, 
Bihl. Unic. de (JvnerOy 1841.) This pre- 
sumed species is, in all probability, 
nothing more than an encysted cor- 
puscle, probably a species of Chlumy- 
docoeem, 

A. Acus. — Hyaline, figure long-fusi- 
fonn, acute at each ertd; filament the 
hmgth of tho body. 1-050". Berlin. 
Under the head Astasia, l*erty enume- 
rates the follomng spi^cies ; but, as he 
makes no distinction between Astasia 
and Distiyma, the generic appellation is 
not quite equivalent to that used by 
Ehrenberg. 

A. maryaritifera (Smarda). — Bcmark- 
able by its vanability of form, or mota- 
bolia, the contents appearing to be driven 
from one part to another, filling and dis- 
tending one portion, whilst the other is 
left empty and contracted. Hyaline 
granules (germs?) very distinct. At 
periods it loses its filaments, and with 
them its powers of swimming, when it 
adopts a crawling movememt. Two 
clear spots occur hear tho base of the 
filament, which is once and a half to 
twice the length of the body: these 
spots were called eyes by Ehrenberg, 
who made them the distinctive feature 
of a genus Distiyma, In pond-water, 
and even under ice, but not common. 
A varicly, much elongated and slender, 
has botiii called Astasia Serpcntalus, 
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The following species are described by Dujardin : — 


A. contorta (xviii. 49, 60). — Colour- 
less, semi-transparent, containing pale- 
yellow granules ; cylindroid, enlarged in 
the middle, obtuse at each end, and 
marked with oblique striae, giving rise 
to a twisted appearance. 1-460". In 
sea-water. 

A. inflata, — Semi-transparent, dia- 

{ )hanou8, contractile, ovoid, obliquely 
)ut regularly plaited or striated. 1-6G0". 
Ill sea- water. 

A. limpida (xviii. 48 o, 6, c). — - Dia- 
pliaiious, smootli, very variable, fusiform, 
more or less obtuse at each end, cleft 
anteriorly, and often obliquely doubled 
on itself or twisted. 1-650" to 1-630". 
In ditch-water. Perty remarks that j 
Dujardin is wrong in identifying Astima \ 


ptmUa and A.Jlacicam with this species. 
Mr. Carter {A, N, IL 1869, iii. p. 16) treats 
this organism as an undoubtedly animal 
form, and describes it as having a 
stomach or digestive cavity, into which 
it receives food from without. Unlike 
Euglcnay which it outwaidly resembles, 
it contains no chlorophyll. He also con- 
siders that it is the same being which 
Khrenberg has described and figured as 
Trachelim trichophorus, 

A. longijilis (Perty). — Hyaline, with 
pale-green internal granules; filament 
at least three times longer than the 
body : a lateral plait or figure is seen in 
the anterior half. Form unchangeable. 
I Motion tolerably fiist. 1-1000". 

! 


Genus AMBLYOPHIS (XVIII. 45). — Free, with a single eye-speck and 
ihibellum, but no tail. The flabellum or filament servos as an organ of 
locomotion, and is situated at the fore extremity, which, says Ehrenberg, is 
cleft, so as to represent a two-lipped mouth, the filament being veiy really 
distinguished on the upper lip. The colour of the animalcule is derived from 
the closely compressed mass of green granules, which nearly fills the body. 
Near the midcUo of the creature is a largo, bright, globular, together with five 
wand-liko bodies, two of which are situated before, and three behind the 
former ; these structures together wore supposed to be male generative organs. 
No contractile vesicle has been observed. Self-division is unkno^^Ti. The 
coloured speck is very highly developed. Towards the anterior part of the 
body, and just behind the filament where the mass of granules commences, 
there is a bright-red and somewhat lengthened spot (resembling, as to situ- 
ation and colour, the eye of the RotJitoria and Entomostraca), in the clear 
space beneath which is a mass of matter of a very peculiar description, of a 
globular fonn, having, to Ehrenberg’s apprehension, the appearance of a 
nervous ganglion, and being most probably connected with the organ of 
vision. This genus is not distinct from Eiiglenu ; for the absence of the so- 
called tail is insufficient to distinguish it, and, what is more, Perty has seen 
AmhhjOj)Msviridis proceed from Eur/lena virklis in the process of reproduction. 


Amblyophis viridis (xvm. 46). — 
Largo, elongated, cylindrical, distended 
or compressed, and abruptly rounded at 
the posterior extremity ; green, liead 
colourless; eye-speck large, bright red. 
The motion of this creature is sluggish 


and serpentine, and by its evolutions 
might easily be mistaken for the Eugletta 
S^irotpjra, were that ci*eature, like this, 
tailless. Found with Euglenoi, cliiefiy 
in tlio spring. 1-210" to 1-1^" (t ide 
p. 194). 


Genus EUGLENA (XVIII. 37-44, 46, 51, 52, 54). — This beautiful genus 
of tho family Astasiaea is characterized by being furnished with an eye, a 
single thread-like filament, and a tail, and by^ being free. Tho locomotive 
filament is seen in nine species out of the eleven, and has a double appearance, 
in E, sanguinm ascribed to the condition of the animalcule preparatory to 
self-division. In EiigUim hyalitia, E.plmronectes, and E. loiigicaiida, vacuoles 
are generally visible ; but in the other species they are obscured by the masses 
of green granules which colour their bodies. Certain internal appearances 
have been recognized, which Ehrenberg supposed to be of a malti generative 



542 


SYSTEMATIC HISTOBY OF THE INFUSORIA. 


nature^ e, a nucleus. Longitudinal^ self-division has been observed in E, 
Aeus, and the commencement of it in sanguinea (XVIII. 37-39). Close to 
the red point a supposed nervous ganglion or eye-speck is visible in K, 
cauda (XVIII, 44), such ns is seen in Amhlyojpliis, The genus Eiiglena of 
Ehrenberg, saysDujardin, contains some species of a compressed Icaf-like form, 
and quite deficient of contractility, which require to be placed in the genus 
Pluicm of the family Thecamona&ia. 

Euglena sanguinea (Cercaria viridis^ manner; head ntteniinted and short. 
JM.) (xviii. 37-39). — Extensible, of an Tail short, and cone-shaped, not cleft; 
oblong-cylindricnl or spindle-shaped colour green, excepting the two ox- 
form, with head CTeatly rounded; tail tremities, which are colourless. The 
short, conical, and somewhat pointed, double-pointed tail represented by Leeu- 
Flabellum longfer than the body in its wenhoek and otliers does not exist, 
extended condition. When young, they When the creatm’o is young, its eye- 
are green, but when full-grown, of a speck is imperceptible or veiy pale, 
blooa-red colour; and specimens are and it may readily bo mistaken for 
frequents found variegated red and Astasia viridis or monos deses. When 
green. The motion of this multiform dried on glass, the speck seldom retains 
animalcule is .generally slow; and it its colour more than a week; but the 
sometimes revolves imon its longitudinal filament may be well examined and pre- 
axis in swimming. The thread-like fila- served when so treated. Filament twdeo 
ment, which is a prolongation of the the length of the body, which diff<?rs 
upper lip, and rather longer than the very much — ^between 1-600" and 1-140”. 
body, is so delicate as to require consi- I^erty affirms that JS. hyalina is a mere 
dcrable care in investigating it, and, variety of this species, and that Ani’- 
being retractile, will often elude obser- hlyopfiis viridis (xviii. 45) is the same, 
vation. A little colouring matter in the for he has witnessed the same individual 
water will exhibit this or/jan in active EuyUna produce} both Euylena and Am- 
operation ; and it may bo distinctly seen blyopkis. This observer has found E, 
in a single animalcule in a dried state, viridis at an elevation of 9000 feet, on 
upon a plate of clear glass. The double the Alps. On the surface of ponds at 
appearance of the organ in this species Hampstead and elsewhere, common, 
has been before noticed. Ehrenberg E. S^iirogj/ra (xviii. 52). — Extensible 
conjectured that the miracle in Egypt, and cylindrical ; very finely striated and 
recorded by the great lawgiver of the granulated. The head is a little trun- 
Jews, of turning the water into blood, cated, and the hinder part attenuated 
might have been effected by the agency into a short pointed tail ; colour a 
of these creatures, or by the Astasia brownish green ; motion like E. descs, 
hoimatodes. In stagnant water, often in Its colour varies from a beautiful gi*een 
groat abundance on the surface. 1-300" to yellow or brown. It always occurs 
to 1-210". This is in all probability a singly. E. oxyuris (Smarda) is not 
more variety of E, viridis the red specifically distinct. Amongst Confervoo 
colour is not a specific distinction, but and Bacillaria. 1-240" to 1-120". 
only a sign of maturity. E. Pyrum (xviii. 41, 42). — ^Obliquely 

E. hyalina, — Extensible in a spindle- fluted ; when distended, oval or p(}ar- 
shaped manner^* head attenuated, blunted shaped. The tail generally about tJie 
at the extremity, and two-lipped ; tail length of the body, and pointed ; colour 
short, and somewhat pointed; colour CTeen. Found with many other species at 
transparent and whitish ; rare. 1-280". Ilampstead, but not so frequent^ os the 
Perty asserts that it is only a variety of other species. 1-1152" to 1-804". 

E, viridis, E. pleuronectcs (Ccrcaria plmroncctes^ 

¥u,deses(EnehelysdeseSfM..). — Extensi- M.). — Compressed, ovate-orbicular, or 
ble, cylindrical, abniptly rounded at the in the form of on obovate leaf; striated 
head, and slightly bi-lipped. Tail very longitudinally; colour green; tail pointed, 
short and pointed ; colour green ; motion one-third or one-fourth part the length 
a winding and sluggish creeping, never of the body, and colourless. . In stagnant 
swimming. Filament very long and fine, water. 1-1152" to 1-480". 

Amongst Lemnae. 1-240" to 1-7G0". E. hngicauda (xviii. 44). — Mostly stiff, 

E. nVidw {Cercaria rindis^ M.) (xviii. compressed, elliptical, and leaf-like ; co- 
40). — Extensible in a spindle-shaped lour green ; tail the length of the body. 
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awl-ahapod and colourless. Within this bent, like a beak ; colour pfreen. Amonp^at 
creature may often be seen a yellowish- Oscillatoria) and Bocilloria. Length 
green mass of p;ranules. The very deli- about 1-500". 

cate vibrating thread-like filament has E. Ovum, — Ovate, green, with a very 
its origin from the more projecting side short hyaline caudal prolongation, and a 
of an indentation on the anterior edge of large, double, circular nucleus. 1-1600”. 
the body, and is about two-thirds its Berlin. 

length. This creature has the power of E. gmicuhia (D.). — Green, elongated, 
twisting its body into a spiral mrm, but cylindrical, flexible but not very con- 
not of contracting it. It swims freely, tractile ; movement slow ; tail tapering, 
and mostly with a vibratory motion, clear, and at an angle with the bo^— 
occasioned by the action of the filament, hence the name. 1-208" to 170". This 
In fresh-water amongst Confor\^fl 0 and largo is remarkable by its elong- 

Bacillaria. 1-480" to 1-120". ated form, by its diameter being nearly 

E. triquetra, — Leaf-shaped, three- equal to its length, without the bulging 
sided, oval-keeled ; colour green ; tail of E, viridisy and by its articulated tail, 
shorter than the body, and colourless. E. oisewm f D.). — Thick, oblong; dis- 
Amongst Lemna). 1-580". tended and ootuso posteriorly; but the 

E. Acm ( Vibrio Aeus, M.). — Slender, form very variable ; clearer and of a red 
spindle-shaped, and straight ; head atte- tint anteriorly, eye-speck reddish-black ; 
minted, anti a little truncated ; tail very filament half as long again as the body, 
pointtid ; body green in the middle, and 1-870". This form Perty surmises to bo 
colourless at the extremities. This is one only a deeper-coloured specimen of E. 
of the most beautiful animcalcules seen sam/tiinea, which ho often found of a 
under the microscope ; its gi*aceful form brown or blackish-red colour, 
when swimming, its bright-red eye, the E. muermuda (Perty). — Of a beautiful 
curious forms it assumes when stationary, green colour, the anterior segment or 
and its remarkable appearance when un- head frequently hyaline, with a clear-red 
dergoiiig self-di vision, all combine to stigma; tail pointed and transparent, 
render it worthy of observation. Fresh Body oval, often longitudinallv and 
and brnckish water. 1-670" to 1-110". finely striped. Filament overlooked. 

E. rostrata , — Elongated and conical, Diilers from E. genimlata by the absence 
with the hinder part gradually attenu- of the angularly-set filament. 1-108" to 
ated into a very short tail. Head slightly 1-84". 

Mr. Carter describes the following new species from the freshwater tanks 
of Bombay : — 

13. fimformis, — Short, thick, fusiform, 
obtuse, of a rich green colour, provided 
with along, delicate, single cilium, which 
projects from a slightly bilabiate anterior 
extremity ; a little behind which is the 
eye-spot, attached to the contracting 
vesicle. Nucleus central, situated be- 
tween the ends of two elongated, refrac- 
tive, nucleated cells, which extend round 
the body equatorially. Tailless. Motion 
during progression oscillatory, and rotat- 
ing on the longitudinal axis. Length 
about 1-700", breadth about 1-1100". 

Freshwater tanks in the island of 
Bombay. 

E. zonalis. — Short, thick, ovoid cylin- 
drical, slightly narrowed anteriorly, of a 
rich green colour ; provided with a long 
delicate cilium, which projects from the 
notch of a slightly bilabiate anterior ex- 
tremity ; a little behind which is the eye- 
spot, attached to the contracting vesicle. 

Genus CHLOROGONIUM (p. 195) (XVIII. 47; XX. \b-2\),—Astasi(M 


Nucleus central, between the ends of two 
wide, refractive, nucleated cells, which 
extend round the body equatorially. Tail 
adhesive or suctorial (?), short, about 
one-sixth part of the length of the body. 
Motion during progression oscillatory 
and rotating, on the long axis of the bo<^. 
Length 1-1 100", breadth 1-1800". Fresn- 
water tanks in the island *of Bombi^. 

These two Euglmev are remarkable for 
having that refractive cell or organ which 
I have called the glair-cell ” equatorial, 
instead of longitudinal os in EugUniu 
Spirogt/ra, or single and in the anterior 
lip ns in Crummula texta, 

E. agilis , — Is a third species Mr. Carter 
would distinguish ; but he has given no 
details, except relative to its develop- 
ment in the still form. 1-600". In the 
brackish waters of the marshes of Bombay 
{a, N. IL 1866, xviii. p. 246). 
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Avith a double filament. Are free and provided with an oyc-speck, tail, and 
double filament. The only known species is of a very beautiful green colour, 
and has numerous transparent vesicles within it. A distinct, hyaline nucleus 
is perceptible in the centre of the animalcule. Self-division of the contents 
into four or more segments has been observed to take place, also propagation 
by microgonidia. Schneider and Perty concur respecting the propriety of 
detaching Chhrogonium from the AstasisBa. Numerous dull-red specks are 
scattered throughout its green contents, no one of which has the clearness 
and distinctness of the stigma of Euglence, The primordial envelope, with its 
enclosed green contents, varies in figure ; but not the external one, which is 
rigid. 

CiTLOBOGONiUM eucJihrum (xvni. Priestley. 1-110" to 1-280", exclusive 
47 ; XX. 15-21). — Spindle-shaped, very of the tail. It was in this species that 
pointed at both extremities; tail short; M. Weisse thought he had discovered a 
colour sparkling green. The oye-speck form of propagation analogous to that by 
is so delicate that it may bo easily over- ova, but in fact to reproduction by mi- 
looked; but when the creature is dried crogonidia (xx. 15-21). The young 
upon a plate of very clear glass, both the forms so produced, especially in their 
eye and the double filament are readily aggregate state before discharge, re- 
seen, and it maybe preserved as a pei> semble Uvoltn Bodo\ and M. Weisse 
manent microscopic object, xviii. fig. thinks Chhwoqomum enchlormn and 
47 I'epresents a cluster of six, each with Glemwwmm tiugem only otlu*r stages t)f 
its double proboscis. In water-butts, on development of the same organism, 
ponds, &c. ; it forms the green matter of 

Genus COLACIUM. — Eyc-spock or stigma single. Filament not detected 
in this genus, although, as Ehrenberg remarks, there can be no doubt of its 
existence, from the currents which arc visible in coloured waten’ near the 
forepart of the body ; still, as these are rather feeble, it is ])robable that the 
organ is but single. Numerous transparent vesicles are seen within the body. 
The creatures are parasitical upon Entomostraca and llotatoria, to which they 
attach themselves by means of a pedicle or footstalk, which is single at first, 
but becomes ramified by the process of self- division. 

CoLACiUM (?) vesiculomnu — Spindle- Found upon Entomostraca. 1-800". 
shaped, oval, but variable ; pedicle very C. stentonnmn. — Fonn variable, but 
short, and seldom ramified ; ^ colour somewhat cylindrical, prolonged antori- 
sparkling OTeon, with distinct internal orly into a funnel-shaped process ; colour 
vesicles. Ehrenberg says, ** I have again beautiful green ; vesicles indistinct ; pedi- 
sought in vain for the red eye (May 28, cle often ramified. The oye-speck is at 
1836), but cannot be satisfied of its non- one time distinct, at another scarcely 
existence, os it is undoubtedly present perceptible ; it differs also in position so 
in the other species, and investigation widely that sometimes it is close to the 
is sometimes unproductive on account elongated m^ck, at others near the poste- 
of subordinate circumstances. I have | rior end. Forty surmises it to be a larval 
likewise failed in seeing very satis- ‘ condition of some otlier being, or merelv 
factorily the vibratory organ, notwith- I a sporozoid. Found upon Entomostraca 
standing its action is evident enough.’’ | and Pohjarthra trigkt, 1-1150". 

Genus DISTIGMA. — Astasiw with tw’o eye-spccks. Locomotive organs 
not hitherto discovered ; and the presumption is that they do not exist ; none 
of the species either SAvim or produce perceptible currents in coloured water, 
^lovements creeping or crawling, much like those of eels ; form variable, like 
that of Lacrgmaria ; and they approximate to Amoeba in other respects, 
besides the absence of a fiabelhim. At the fore pari of the body may bo 
seen two very delicate, blackish -coloured spots, analogous to the eye-sp(*eks 
in other genera. The DMgmrK are sometimes confounded with Proteus 
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fliffiuem of Muller. All the species are exquisite objects for a deep-powered 
microscope — ^for instance, one magnifying 460 diameters. Perty unites this 
genus with Astasia, as being indistinguishable from it by any sufficient charac- 


teristics. 

Distigma {Proteus, M.). — Larger 

than either of the other species ; proteus- 
like — at one lime greatly distended, at 
another as much constricted ; eye-speck ■ 
rather indistinct; colour transparent yel- j 
low. About Lemnaj. 1-240". This spe- , 
cies I*crty regards as merely a larger 
variety of Astasia margaritifera, inca- i 
pable of the same cxtcait of metabolia. 

D. Proteus{Protem^l ,'). — Smaller than 
the preceding ; proteiis-like — sometimes 
gi'eatly distended, at others constricted; ! 
blunted at both extremities; eye-specJis 
distinct. Amongst Confervaj. 1-680" to 
1-400". This spe.cies, anyf* Perty, appears I 
nothing else than a smaller specrimen of ' 
Astasia margaritifera which has lost, to | 


a greater or loss extent, its filaments, and 
therewith its power of swimming, whilst 
it retains the remarkable peristaltic move- 
ments in its internal substance. 

D. vfiridis , — Smaller than either of 
the other species; proteus-like some- 
times gi’eatly distcndtid, at others con- 
stricted ; filled with green granules ; eye- 
specks distinct. Lenj^h not exceeding 
1 -570". /). viridis is, in Forty’s opinion, an 
incomplete condition of Eatreptia viridis, 

D. planaria, — Small, linear; proteus- 
like, but capable of less distension or 
constriction than the preceding ; pointed 
at both extremities; colourless; eye- 
specks distinct. Found by JChrenberg 
amongst Confervoe in the Nile. 1-240". 


Genus PEFANEMA (Duj.) (XXVI. IJI). — Body of variable form, some- 
times almost globular, at others distended posteriorly, and drawn out in front, 
or j)rolonged into a long tapering filament. IMovemcnt forwards slow and 
uniform. The Peranenue are colourless, but contain in their diaphanous 
substance granul<;\s and vacuoles. The lobes they send out in their frequent 
and remarkable (ihanges of form are, unlike those of the Ani(xh(s, covered 
with an integument. Found in stagnant marsh-water, chiefiy on the surface 
of dead idants. I suspect Ehrenberg has described a species (P. protracta) 
of this genus under the name of Trachellm trichophorus. 


Peranema protracta, — Oblong, soft, 
dilated posteriorly, much extended an- 
teriorly. 1-888" to 1-870". Its figure 
undergoes changes by the movements of 
its contents. A trace of a red stigma 
often discoverable. 

V. glohnlosa (xxvi. 18). — White or 
pale-green, noany globular, more or less 
extended anteriorly, with oblique plaits 
on its surface. In the iSeine, and in 


ponds at Beni. 1-1025" to 1-1800". Perty 
could not dis(50Vor the plaits or folds, 
and states that the filament is double 
the lengtli of the body. Movements 
very active. 

1*. rirescciis . — The animalcule so named 
occurred in the water of the Seine, was 
green, s(*mi-fliiid, and changed fomi most 
rapidly, like miAnwcha, l-SlO" to 1-620". 
Kequires further examination. 


Genus ZYGOSELMIS (Duj.) (XXVI. 12 «, 6).--Amraal of variable form, 
swimming by means of two equal tlagelliform filaments, which are constantly 
in agitation. Zggoselmis, says Dujardin, is distinguished from Diselmis by 
its contractility and its variability of form ; but such a distinction is surely 
insufficient. 


ZvGOSELMis nelmlosa (xxvi. 12 a, h \ — 
Colourless, sometimes globular, at otnera 
top- or pear-shaped, with numerous con- 
tained granules. l-LSOO", with two fila- 
ments of equal size and length. Un- 
common; found with Lemna; the changes 
of form proceed slowly. 

Z. inoiqualis (Perty). — Colourless, hya- 
line; one filament rather stouter than 


the other ; both pj’otnided in front. Ca- 
vity Rometini(;s filled with clear green 
coipiiscles, which frequently assume op- 
tically a red hue. Changes of figure 
slow ; movements sluggish. Distin- 
guished from Z, nehulosa by the inequa- 
lity of its filaments. 1-840". The assigned 
distinction between this and the other 
species appears to us insufficient. 


Genus HETEROi^ EMA(Duj.) (XXVI. 11). — Body of variable form, oblong, 
irregularly dilated posteriorly, having a fine flagelliform filament, and a second 
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thicker trailing one acting as a retiTictor. This genus, by possessing the two 
filaments of different characters and office, approaches the Heteromita and 
Anisonema, from which, however, it is distinguished by its contractile, ob- 
liquely striated integument. 

Heteronema marina (xxvi. 11^. — I nawower in front, obliquely and closely 
Body oblong, irregularly dilated behind, | striated. Length 1-434". tn sea- water. 

Genus POLYSELMIS (Duj.) (XXVI. 7). — Animal oblong, of variable form, 
swimming by means of several flagelliform fUaments which arise from its 
anterior extremity. The single Infusorium I have found possessing these 
characters resembled an oblong Euglena rounded at each end, with an anterior 
longer moveable filament, surrounded by three or four very fine shorter ones. 

PoLYSELMis viridis (xxvi. 7). — Elon- with a red eyc-spcck. 1-G50". Found in 
gated, rounded at each end ; more or less a glass of marsh -water cont aining Lcmna, 
dilated and folded in the middle \ green, which had been kept several months. 

Genus EUTREPTIA (Perty) (XYIII. 53-55). — Like Chlorogonium, Zggo~ 
seXmiSy and Dinemay has two filaments. It has besides the form of an Astasia y 
but its figure is constantly varying as it swims, and it has a red stigma. 

This and the following genus constructed by Perty are very imperfectly 
characterized, and in our opinion have slight claim to generic independence. 

Eutreptia viridis (xviii. 63-55 j xix. a crawling movement, and not the power 
18-19). — Green, with liyaline corpuscles, of swimming. Length, when extended, 
but sometimes quite colourless. A va- 1-240". Among liemnae. A variety, E, 
riety thick and rounded posterior, with tmi/ilisy has only a single flabellum and a 
the outline of Amblgophisy only presented faintly marked stigma. 

» 

Genus DIXEMA (Perty) (XIX. 17). — Filaments two; one projected in 
advance, the other trailed behind. Body small, saccular, very contractile, and 
destitute of chlorophyll. 

Dinema griseolum (xix. 17). — Body dimensions. 1-250". Bern. In ponds, &c. 
filled with grey molecules. Movements D. pusillum, — Colourless, with few in- 
sluggish, and particularly so the rotation temaf granules. Very contractile, and 
on its long axis. Filaments about equal in changeable in figure. 

FAMILY DINOBRYINA. 

(XXIT. 42, 48, 49.) 

The animalcules of this family are distinctly, or to all appearance, poly- 
gastric, and furnished with only one aperture to the body; hence, like 
polypes, they can have no true alimentary canal. They arc possessed of an 
external case or sheath, and have the power at will of changing their form, 
but are without appendages, except one species of Dinohmjony which has a 
simple filiform proboscis and a delicate red spot at the anterior portion of the 
body. The nutritive apparatus is obscure and undefined. The lorica is of the 
form of a littlq^jitcher (urceolus), to the bottom of which the very contractile 
Eqglena-like creature is attached. Two genera only are known. 

Genus EPIPYXIS (XXII. 42). — The characteristics of this genus are 
mostly of the negative kind ; it wants the eye, and is attached. The most 
evident animal character possessed by the species is the funnel-shaped orifice 
at its anterior extremity. The soft or pulpy body is lodged within a delicate 
membranous (not silicious) lorica, usually ^9xed by a pedicle or foot. 

Stein presumes Epipyocis to be merely a younger condition of Dinohnjony 
^yith which it occurs frequently in company. Besides this, the peculiar cell- 
like nucleus occurs alike in Epipyods and in Din, Sertiilaria, 
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EpiPYXisZ7^nV?«ift«(xxii.42). — Small, The figure represents a group of several 
conical, and pitcher-like, filled with yel- attached to a portion of Conferva, 
lowish granmes ; attached by a pedicle. 1-040". 

Genus DINOBEYON (XXII. 48-49). — Distinguished from the preceding 
genus by possessing an eye-speck and freedom of motion. The lorica also is 
larger and looser around the body of the creature. Keproduction takes place 
by gemmse, which do not separate from the parent ; hence a shrubby, forked. 


and polype-like cluster is produced. 

Dinobryon Sertularia (xxii. 48, 49). 
— Lorica (sheath) large, slightly excised 
and dilated at the mouth, but constricted 
above the base or the attached extremity. 
This animalcule is readily overlooked, by 
reason of its crystalline lorica, and often 
nearly colourless body ; by a patient in- 
vestigation, however, the little colony 
may be perceived rolling along, and ad- 
vancing in the field of view. Within 
each lorica a pale-yellow animalcule may 
be noticed, in form somewhat resembling 
the young of Chhroffonmm or of Tluglena 
viridis. The creature is able to contract 
itself into a rounded mjiss at the bottom 
of its case, or it extends itself to the 
mouth of the lorica, but not beyond it. 
A red speck occurs at the anterior part 
of the body, from which a single thi*(?ad- 
like filament is protruded beyond the 
sheath. The vibrating filaments of the 
several members of the colony propel it 
through the water like so many paddles. 
In bog-water. Length of animalcule 


1-570", cluster 1-120". Stein in the 
course of his researches met with a spe- 
cimen of IHnohryon Sertularia which he 
likens to a Eugleniform being, living in 
a crystalline goblet-liko sheath, much 
like that of Vaginicola crystaUina or of 
Cothurnia imhtn'his. The sheaths grouped 
on a stem are only mechanically united 
together, and are under no circumstances 
developed by progressive gemmation from 
the hindmost one, asEhrenborg supposed. 
Each being has a clear, homogeneous, 
discoid nucleus near its base, containing a 
central nucleolus. 

D. (J^ sociale, — Small, enveloped in a 
shell oi a simply conifjnl shape, truncated 
at the mouth. Developed in the form of 
a shnib-like pohmary. In fresh water. 
1-860", cluster T-280”. • 

D. gracile. — I^eas branching (friiti- 
cose), lorica slightly constricted at the 
middle, aperture truncated, Animalcule 
1-2080". 


OF THE GROUP PROTOZOA (p. 199). 

In the arrangement pursued in the first part of this work the Protozoa follow 
the Phytozoa, and are primaidly divided into two chief subsections, viz. — 
Ehizopoda and Ciliata. These we shall treat as two groups of Infiisoila, 
divisible into a few subgroups, and, commencing with the Ehizopoda, shall 
treat systematically, first those beings properly called so, and aftenvards, as 
subgroups, the Actinophrjrina and the Acinctina. The Ciliata 4iid their divi- 
sions will follow next. 


GROUP II.— EHIZOPODA (p. 201). 

(Plates XXI.-XXIII.) 

This term and its synonym Pseudopoda arc derived from the leading charac- 
teristic of the class, viz. the variable processes or false feet which serve as their 
locomotive organs. The former appellation is more in vogue, but its extent 

2 N 2 
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of signification is ill-defined. Some would apply it to the whole collection of 
animalcules composed, as far as their organic material is concerned, of the 
self-same simple homogeneous sarcodo, whether this exist naked, as in the 
Amoebcea, or whether enclosed within a simple single-chambered shell, as in 
the Monothalamia, or in a many-chambered or compound one, as in the Poly- 
thalamia or Foraminifora. Siebold extends to the Khizopoda, as a class, this 
wide signification. Others, and among them Ehrenbcrg, would so far limit 
it as to assign to it only the naked AmoeboDa and tlio monolocular Arccllina. 
Indeed, the last-named author holds the opinion of an actual difference in 
organic nature between his presumed Polygastric Pseudopoda and the Fora- 
minifera or Polysomatia. Dujardin adopted the peculiar course of rejecting 
the Amcebaea from the Ehizopoda, which in his system, included both mono- 
locular and multilocular forms. In our general history of the Ehizopoda 
(p. 201), we have used the term in its widest signification, to include naked 
monolocular and multilocular beings ; but, in order to keej) this systematic 
portion of our work within moderate bounds, wo shall here give only the 
descriptive account of the Amcebaca and Arcellina. Were another reason 
required than that assigned for this proceeding, a strong one might be found 
in the fact of tho approaching completion of an elaborate work on the Fora- 
minifera by Professors Williamson and Carpenter, who arc so well known for 
their extensive acquaintance with this class of organisms. 

Families: — 1. Amoebaca ; 2. Monothalamia (Arcellina); 3. Polytha- 
lamia (Foraminifera) ; 4. Actinophryina ; 5. Acinetina. 

FAMILY I.— AMd^BiEA or AM(EBINA. 

The Amochfca present the simplest form of organic life, and are typically 
represented by a microscopic particle of ‘ sarcodo,^ or muco-gelatinous organic 
matter, possessing within itself the poAver of growth, of assimilation of ex- 
traneous substances, of movement by means of irregular and ever-changing 
offshoots from itself — ‘‘ variable processes,” — and capable of multiplication by 
the severance of poitions of itself, and probably of development by internal 
germs or gemmules. They present no definite, constant figure, although it is 
possible to distinguish different Amcebaea by the more frequemt outline they 
exhibit, or by the length or figure of their pseudopodcs. The general opinion 
is that the sarcodo of which they consist is naked and homogeneous ; but 
Auerbach (sec ante, p. 205) has advanced the statement that they are all en- 
closed witliin an integument. A movement of granules is perceptible, espe- 
cially along the margins of the variable processes. A nucleus wdth a nucleolus is 
believed to bo generally present ; vacuoles arc almost always distinguishable ; 
and one, two, or even more contractile vesicles have been seen in some speci- 
mens. There seems evidence of the process of encysting taking place under 
certain conditions. Amoebiform beings are not necessarily of an animal nature ; 
for some have latterly been proved to occur in the cycle of development of some 
of the simplest plants. Ehrenbcrg described Amcebaia as polygastric ani- 
malcules, having a mouth but no alimentary canal, and moving by variable 
processes, produced from any part of tho body indifferently. He observed 
vacuoles (digestive sacs) in all, and self-division in Amoeba dijjluens. The 
Amoebffia are organically related to the Arcellina and Foraimnifera, from 
both of which groups they difier by being naked, or unenclosed in a shell 
(see p. 234). 

Only one genus is distinguishable, viz. 

Genus AMtEBA, which is therefore represented by the description of the 



OF THE AMCEfiiEA OR AAKEBIRA. 549 

family. Tho following species, however, are distinguished^ although it is hard 
to define specific form in such variable creatures. 


Amceba Primeps (xxi. 4). — Colour 
pale yellow, processes numerous, of a 
cylindfrical outline, with thick, rounded 
extremities. Its figure when in a passive 
or non-reptant condition is jflobular ; but 
this character is of no specific viilue, the 
natural tendency of any similar semi- 
fiuid, mucous particle being, by tho 
force of cohesion, to assume such a foi*m. 
Amongst Nariciila and Alg® in fresh 
water. 1-140" to 1-70". 

A. rermcosa. — Smaller tlian the last; 
colourless ; processes globular, ovoid, of 
a wart-like appearance. Motion sluggish, 
like, indeed, all AmathcB, Never exceeds 
1-240". Amongst aquatic plants. 

A. (Irffluciia. — Colourless; exp.andsinto 
a filmy form and throws out processes 
which are longer than those of A. verru- 
cosa, and ratluu’ pointed at the ends. 
This species is a very interesting objetrt 
under tho microscope: at times it re- 
aimibles a turbid lump of jelly -looking 
matter, at others a transparent gelati- 
nous film, with numin’ous outstretched 
procijsses slowly protrud(^d at one part 
and withdrawn into the goiKiral nuiss at 
another, but so acted on as to serve to 

F rodiice a very slow onward movement. 

ts movements may be compared in ap- 
pearance to those which may be imagined 
as exhibited by a maiiy-moted animal 
tied up in a sack. Usual size 1-300". 
Common jimoiigst Tjemiiai. 

A. radiosa (xxri. 1-3). — Colourless; 
smaller tlian A, diffliicns ; processes nu- 
merous, long, slender, pointed, disposed in 
a radiating manner. When contracted, it 
resembles A, diffluens in its globose figure. 
Colouiing matter is readily ' taken into 
its substance. In bog- water. 1-240", 
A. lontfipes. — Very small; processes 
very long, one of them often four times 
the length of the body ; acute and hya- 
line, without expansions. 1-2600". Cux- 
haven, in the sea. 

A. Ito^elii (Duj.). — Diaphanous ; pro- 
cesses numerous, some very obtuse, others 
digitate, and others also pointed or 
jagged. 1-130". liurgc vacuoles occur 
about the middle of tho body, looking 
like large globules. 

A. marina (I).). — Filled with granules 
at the centre ; differs from A, diffltiem 
only in its dimensions and habitat, i. e, 
tho sea. 1-260". 

A. GleicJumit (D.).-^Varies from a glo- 
bular to a very long-oval figure ; dividing 
into two or three lobes on one side; 


vacuoles, and some nearly opaque gra- 
nular bodies, at the centre. 1-400" to 
1-300". 

A. multiloha (D.). — This may be but a 
variety of A, Gleichenii, but deserves 
pointing out, as much from the circum- 
stance of its habitat as from its form. 
1-1300". It seems softer than other 
species, and moves actively, emitting 
from its border in various directions ten 
or twelve rounded lobes, which give it a 
most iiTegular figure. It was found in 
an infusion of meal wliich had been kept 
nearly two months. 

A. Limax (D.) (xxii. 4-6). — Diapha- 
nous, rounded on each side, more or less 
globose, and but slightly lobed; glides 
^ong in a nearly straight line ; contains 
very distinct gi*aiudcs, and a v'ery cleaily 
marked vaxuiole. Foiuid in Seine water 
kept for eight months. It may be but a 
more advanced degree of development 
of the preceding, or of tho following 
species; its greater trsinsparency, how- 
ever, and its semi-Huid consistence, seem 
surticieiitly distinctive. 1-260" to 1 -BOO", 
Auerbach suggests tJiat this species is 
only a young fonii of A. Princeps. 

A. Uuttida (xxiT. 6). — Diaphanous, 
orbicular or ovoid ; glides in a straight 
course, and contains very distinct gra- 
iiides. This is one of the most common 
speci(is, but may easily escape notice on 
account of its great transparency, the 
simplicity of its fomi, and the slowness 
of its movements. In river- or marsli- 
w'ater, kept for some time, containing 
plants. 1-620" to 1-800". 

A. lacernta (D.). — Symmetrical, ru- 
gose, plaited, and granular, rather dia- 
phanous, with broad expansions, looking 
membranous at the base, terminated by 
several tapering tom points ^ one or more 
evident vacuoles. 1-2800" to 1-890". In 
pond-water. 

A. hrachiata (1).). — Globular; semi- 
transparent, porous and tubercidar, with 
four to six very thin long and cylin- ^ 
drical expansions, straiglit or flexuose, 
sometimes bifid or brancliiug. In animal 
infusions. 1-190". 

A. crassa (D.). — ^^Moro or less rounded, 
thick ; contains numerous granules ; ex- 
pansions rounded, numerous, not very 
prominent. 1-880" to 1-620". In the 
water of the Miiditerranean. 

\,ramosa (D.). — Globular or ovoid; 
granules very numerous ; expansions nu- 
merous, of nearly equal size, rounded at 
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the extremities, of the some length as 
the body, and mostly branched. 

Other varieties of these peculiar beings 
are referred to, but not specially described, 
by Dujardin ; for one, nowevcr, ho pro- 
poses the name of Amoeba iii/Uxta. 

A. quadriUneata (Carter). — 1-360". 
Mr. Carter has given this name to a 
supposed new species (A, N. IL, 1866, 
xviii. pp. 243, 248), of wliich he gives a 
diagram, but no specific description. 

A. lateritia (Fresenius). — Itounded or 
oval, or drawn out at one end and rounded 
at the other. Processes thin, finely 
pointed; points very numerous; colour 
of a brick-red, beconiinjy browner after 
death. In water at \V audorf with Spi~ 
roUmia. 1-20 to 1-10 millim. 

A. actinophora (Auerbach) (xxii. 12- 
18). — ^When without processes, its form 
is more or less globular ; and even when 
pseudopodes are protruded, the figure is 
usually not muen altered, those pro- 
cesses being thin and spicular with 
pointed ends (fig. 13), though they do 
not exceed in length more than 1 J- the 
diameter of the body. This spccieii is 
remarkable for the number of crystalline 
particles found in its interior, and for 
tho processes never being entered by the 
granules of the interior of the body. 
Auerbach believes that the Actino- 
phrt/s viridis of Ehrcnberg is probably 
no other than a large specimen of this 
Amoeba, It is closely allied to A, hilim- 
hosa, but is smaller, its surface smooth, 
its processes radiating and simple, not 
forked, its envelope thinner : it contains 
the peculiar crystals, and has no starch- | 

f lobules as seen in the latter. 1-110'" to 
-70'". In water at Breslau. 


I A. hUimhosa (Auerbach) (xxii. 7-11, 
I 20-23). — ^h’igure more or less globular 
when processes absent or few ; pseudo- 
podes vary, being either wide and laminai* 
with a spinous or dentate terminal mar- 

f in, or elongated and tubular. 1-60'" to 
-36"’. 

A. porreda (Schultze) (xxi. 3). — ^Ily- 
aline ; processes numeTOus from all sides 
of the irregularly-shaped mass, from 
eight to ten times longer than the latter, 
divergent like so many fibres, with in- 
tercommunicating branches. Fissure 
very changeable and rapidly so ; remark- 
ably locomotive. The fine gi’anules seen 
to circulate througli the processes. In 
fresh and salt water. 

A. globularis (Schultze) (xxi. 2). — 
Granular, delicate, yellowish-brown, 
central portion surrounded by a hyaline 
cortical lamina, from which the short, 
stump}^ processes are very slowly pro- 
truded and withdrawn. Most of the 
processes are also remarkable from their 
rounded truncate ends being terminated 
by a retractile spine. Ancona. 

A. polypodia (Schultze). — Processes 
numerous, long, slender, with rounded 
or truncate extremities, and hyaline ; 
movements toli^rably active. Lagoon- 
water, Veni(?e. 

A, Schultzii (xxT. 1). — A species indi- 
cated but not named by Schultze; to 
distinguish it, we have applied to it 
that eminent naturalist^s name. Central 
ortion granular; suiTOunding lamina 
valine; no granules enter the interior. 
Processes short, tubercuhir, with rounded 
extremities. Possibly the same ns A, 
verrucosa (Ehr.). In long-kept water 
from Ancona. 


Supplementary Genera, or Subfamily of AMCEBINA. 

Genus CQKYCIA (Duj.). — An Amoebiform being, covered by a very cxpjin- 
sible, elastic, flexible membrane or sac, which becomes folded in different 
directions by the movements and contractions or expansions of the animalcule, 
— ^the whole organism sometimes, after it has several times turned on itself, 
looking like a folded piece of linen. The membrane remains distinct after tho 
animalcule is tom by needles, and the sarcodc particles evacuated. The latter 
contract themselves into little balls, and, by the property of vacuolation, become 
hollowed by little cavities in larger or smaller numbers. Tho contents con- 
sist, besides sarcodc, of granules, vacuoles, and foreign particles ; the fiist- 
named move in currents from one part to another. The expansions are not 
pushed forward, nor do they glide along tho surface of reptation like those of 
Arcellina or of naked Amoebas ; they proceed from various points of the general 
mass or body, and seem to serve rather to change the centre of gravity than 
to furnish a point d^appuu 8-100'" to 20-100'". 

The name is suggested by the membranous envelope, which preserves the 
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animalcules from being dried up during the alternations of drjmcss with 
moisture they are exposed to by their habitat in mosses. They are procured 
by lightly pressing the Jungermannue, moistened by the rains of November 
or December, or after they have been preserved a little time in water. 

This, as Dujardin remarks, is evidently a new genus, intermediate be- 
tween the naked and the loricated Khizopoda, and standing in a certain 
relation with the Noctiluccs, (A, IS. N., 1852, vol. xviii. p. 240.) 

No species named. 

Genus PAMPIIAGUS (Bailey). — An Amoebiform being, covered by a deli- 
cate elastic integument, wliich, although it presents astonishing changes of 
form, and offers a certain amount of resistance to internal and extemal pres- 
sure, yet admits of the animahjule transfixing itself upon any denser thin 
portion of matter without any apparent damage (p. 220). 

They connect, says their discoverer, the genus Aniceba with Diffiuyia, 
agreeing with the fbnst in the soft body without shell, but differing in having 
true feelers or rhizopods confined to the anterior part of the body,’’ or to the 
region of the mouth, as in Dijffliigia. A specimen of Pam^Auigus, wo may 
remark, is equivalent to a DijfliKjia without a true slicll and with no ex- 
traneous matters to thicken and strengthen its covering. Dr. Bailey met 
with these animalcules in a vivarium, into which “ bits of boiled beans and 
potatoes had occasionally been introduced as food for other animalcules,” 
and numerous starch granules were found in their interior. He also repre- 
sents it as having a mouth, and, being an adherent of Ehrcnberg, as polygas- 
tric ; but the mouth so described was the orifice of the sac through which 
the pseudopodos were protruded, and therefore the homologuo of the foramen 
of monothalamous shells. 

This genus is evidently very closely allied to Corycia (Duj.). The only 
difference of moment is that in the latter the expansions of the sac proceed 
from any part of the surfacje, whilst in Pamphagm its discoverer describes 
them as given off only from one spot at the anterior end. 

FAMILY II.— AllCELLINA (Ehr.) (Pt. I. p. 201 et seq,) 

(XXI. 6-17.) 

AmcehcB invested with a single-chambered cell or lorica, having also but 
one opening, mouth, or foramen. The animal substance or sarcode contained 
within the shell is indistinguishable from that of the naked Amcehce, and is 
not more organized. The form of the pseudopodos given off from around the 
mouth of the shell are to some extent employed in defining species ; but the 
size and conformation of the shell and of its 02 )cning arc of much more im- 
portance systematically. 

Ehrenborg instituted this family for all one-chambered Ithizopodous shells 
which, in his belief, were of a silicious composition, and rejected from it 
some similar shells which were of a calcareous character. This distinction, 
however, is based on erroneous notions (p. 219) ; and naturalists now concur 
in bringing together all unilocular Khizopoda into one group, under the name 
of Monothalamia. 

The Arcellina were represented by Ehrenberg as polygastric animals, 
with an alimentary canal, and enclosed by a lorica, through the single 
opening of which they extended their variable processes. He also described 
digestive sacs, but was unable to discover cither their mode of reproduction 
or their multiplication by fission or gemmae. 

Only four genera of Arcellina were enumerated by Ehrenberg ; their cha- 
racters and mutual relations arc shown in the following tabular view : — 
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Chan^ablc processes f Lorica spherical or iuii-like Diillu^a. 

radiant, generally •( Lorica a Hat spiral Spirillina. 

numerous [ Lorica discoid or shield-shaped Arcolla. 

Changeable processes broad and unbrauched Cyphidium. 

The genus JSpirillina is a very exceptional form ; it has a spirally-coiled 
shelly apparently porous throughout, like one of the Eoraminifera, and like 
them, too, a marine habitat. Its only affinity with the ArcoUina, according 
to Ehrenberg’s account, is the silicious nature of the shell ; but even ^^'cre 
this established, it w'ould not exclude it from the Eoraminifera, among wliich 
silicious testae arc known. Of Cyphidium little information exists ; and 
Ehrenberg’s account is by no means satisfactory. The same may be said of 
the figures he gives of it. 

Dujardin divides the “ llhizopodes,” excluding the Amcnbiea, into Iavo sec- 
tions, according to the form of the variable expansions. 'J'lie first section cor- 
responds to the family Arcellina of Ehrenberg, and coinjireluauls those species 
provided with short thick expansions, rounded at tlie extr(3mity. Such are 
the Dlfflugicc, possessing a flexible membranous lorica, without visible tex- 
ture, mostly of globular form, from the aperture of which the expansions 
radiate: such, too, arc the Arcellw, having a discoid lorica, Hatton cd on the 
side -along Avhich they move (the plane of rcptalion), where is a central 
round opening, from which the expansions proceed, the latter lying thus be- 
tween the shell and the surface along Avhich it glides ; the lorica, moreover, 
is brittle, and often reticulated, or arcolatcd. The second section, murli 
larger, comprises beings of every variety of form, and having very numerous 
filiform expansions, ending by very fine extrcimitifjs. Of tliesc varieties he 
makes three tribes; the first distinguished from the DiJJlugUf. only by the 
slender character of the expansions, except that in one genus, IVinema, the 
opening is lateral ; th(j second, represented by the gtuius Enylyphn^ having a 
lorica beset Avith tubercles, or areolae, disposed spirally ; and the third by the 
genus Gromia, ha\dng a spherical membranous shell, and very long and 
branching expansions. 

The remainder of the ‘‘ Rhizopodcs,” as described by Dujardin, arc com- 
prehended in the Polythfilamia bj’ other authors. Of these he constitutes tAvo 
tribes, — one represented by the single genus Miliola, AAdiich, lik(3 Gromia and 
the examples of the first tribe, has but a single large opening in its 
lorica for the escape of the expansions ; the other by several genera, all 
of which give off numerous filiform expansions from many distinct pores 
(foramina) of their shells, and hence called Foraminifera. 

Siebold included the first and second divisions of Dujardin’s class Ithizo- 
poda in liis group of Arcellina, 

M. Schultzc framed the division of the IMonathalamia from the sfructurcj 
of the shells ; but ho admitted amongst them the genus Orhulina, Avhich 
possesses the very exceptional character of having numerous pores to its 
shell, instead of a single opening. The three families instituted were: — 
1. Lagynida; 2. Orbulinida; ,‘3. Comuspirida (see p. 241). The first-named 
family corresponds most nearly to Ehrenberg’s Arcellina, although it con- 
tains several genera usually described in liistories of the Eoraminifera, and 
omitted by the Berlin naturalist. The following are enumerated : — Arcella, 
Dijffluyia, Cy^ihidiuniy Trinema, Euylypita, Gromia^ Layynis, Ovulina (d’Or- 
Fissurina (llcuss), Stjuamulhia, and the doubtful genera of Schlum- 
bcTgor — Lecqueremia, Cyplioderia, Psemlodlfp^wfia, and Sphenoderiu, The 
genera Layynis and Sqnamuliiui are tAvo new ones formed by Schultzc him- 
self. It AAdll make this history more complete to intioduce these ncAV genera 
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of Lagyiiida, as well as the interesting Cornu^ira dcseribed by Scbultze. Of 
Fissurina we have no details. 

Dr. Bailey, of New York, adds another new genus to the Monothalamia, 
under the name of Cadimn, 

Genus DIFFLUGIA. — Shell of one chamber (unilocular) with a single 
aperture, usually of a more or less spherical or ovoid shape, but sometimes 
more elongated and elavate, or pitcher-shaped; thin, opaque, of a dark 
olive or brown colour, in general, when occupied by the living organism, but 
when empty, hyaline and colourless. The suifacc of the shell is either smooth 
or sculptured, and occasionally armed with spino-like processes. In a few 
sped 3S, D. proteifomiis, D, acuminata, and D, gigantea, the envelope does 
not acquire even the usual horny consistence, but is soft, and becomes 
strengthened by the adhesion of foreign particles of silex and other matters, 
which give it a rough, irregular ajipca ranee. The aperture or foramen 
varies in figure and size, and furnishes valuable specific distinctions. The 
pscudoi)odes arc cliaract(>‘rized as being cyKndrical, not much elongated, and 
obtuse or rounded at the extremities. 

Difflugia proteifonniit. — Ovate, sub- D. areolata . — Lorica and foramen as 
globose, covered by a coating of ini auto in the precc^ding, but the spines defi- 
grains of sand, and citln^r of a deep olive, cient. 

black, or greonish colour. Prcicesses dentimlata. — Ovate, oblong, smooth; 

hyaline, from 1 to 10. 1-240". Among foramen with twelve dentations. 

Oscillatorijo. I). Lagma. — 01a\’atc, or of the form of 

D. — Oblong, ovate, or ovbi- a bottle; smooth, without reticulations ; 

cnlar, smooth, and of a brownish colour ; margin of opiaiing entire. 
pro(?ess(\s fijwer and stouter than those 1). Ifcvigntu. — Ovati*, oblong, smooth ; 
of the preceding species. Among Oscil- foramen ' with (dglit dentations ; ap- 
latoria), &c. 1-200". Surface iri’egu- proaches Ih dvntiviihda. 

larly reticulated. I), striolata. — Ovate, oblong, delicately 

acuminatn, — Oblong and rough, striated longitudinally ; foramen with a 
with minute grains of sand ; posteriorly dentated borchn*. 

pointed ; processes hyaline. 1-70". D. limcfvri. — Ovate, surface rugose ; 

1). (xxT. 19 a,/). — Oval; co- the end presenting the aperture rather 

lourless ; translucent and smooth, round- attenuati5 but tnmeate ; margin of aper- 
ed dorsallv; processes transparent, ture entire. 1-1050”. On moss, 
slender and small; aperture lat(jral. This D. cancelhtla. — Oblong, obtuse; snr- 
is th(i smallest species of the genus, face beset with imperfectly rounded cells, 
1-30'" 1-15"'. In stagnant water. Du- 5 to (5 in 1-2500"; aperture nan*ow, cn- 
jardin refers it to his genus Trincma. tire. I-IO-IO”. On moss. 

1). AmpuUa. — ( )blong, club-shaped, ele- 1 ). ciUata. — Ovaite, surface areolar ; 
gantly marked by an obli(iue. series of each posterior areola fumished with a 
dots ( puncta) ; hyaline ; foramen ovate, cilium or cirrhns ; constriidod towards 
1-680". At Salzburg. the foramen, which has 10 to Ki denti- 

I). (Bailey). — Sub-globoso, mi- dilations. 1-936". Common in ller- 

nutely granulated: upper surface un- cynia. 

equal, with a spiral line of two or three 1). smnumlum. — Shorter, ovate, brown, 
turns. Variable processes numerous, sui-faco with narrow and small areolie ; 
constantly changing position, hyaline, aperture) wide, veiy finely denticulated 
1-680". Berlin and United States, or entire. 1-2500" to 1-1250”. On moss 
Fresenius remarks that some large spe- and stones. 

cimens are met with coated with coarse D. coUaris, — Narrowed like a neck be- 
particles, like 1). proteiformis, instead hind the aperture; straight, attenuate, 
of the usual finely reticulate lines. It pyiiform or sub-clavate; surface irregu- 
attains, he says, in size to 1-7"'. larly cellular ; cells small, but of equal 

D. acanthaphora (xii. 64). — Ovate, size, except about the neck, where they 
oblong, loosely aroolated ; foramen den- are smaller ; aperture entire. 1-840". 
tated ; armed posteriorly with three or j About roots of trees, 
four spines (aculci). ‘ 
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D. Dryas, — Ovate ; aperture entire, 
truncate ; surface marked with longitu- 
dinal lines of ovate cells, which decrease 
in size posteriorly, 1-1170". On roots 
of trees. 

D. oligodon, — Smooth, oblong, sub- 
cylindrical ; aperture with eight strong 
denticiilations. 1-1000". This spacies 
and the two following found in Kur- 
distan. 

D. reticulata, — Ovate, surface marked 
bj a net-work of minute cells ; aperture 
simple, large. In its interior are nu- 
merous particles like aggregated buds; 
the margin of the foramen is sometimes 
dentate. 1-880". 

D. squamata, — Ovate, with largo loose 
areolsB, looking like scales (squamm); 
aperture denticulate, truncate, contracted. 
1-1460". 

D. sphigera, — ^Pyriform, smooth ; neck 
distinct, cylindrical, truncate ; orifice 
large, entire; opposite end turgid; round- 
ed. The surface presents four spiral lon- 
gitudinal lines. 1-36’". Bavarian Alps. 

The first of the appended species is 
from Dujardin, the others from Schlum- 
berger (Ann, ties Sciences Nat, 1845, 
p. 264) 

D. globulosa (xxi. 10). — Brown, glo- 
bular, or ovoid, smooth. 1-200" to 
1-106". Near Paris. 

D. depressa. — DiaphanoiLS, ovoid, de- 
pressed, resistant ; its surface divided by 


slight fissures (lines) into numerous 
small and irregular polygonal sections. 
1-220". Aperture with an uneven mar- 
gin. In springs in the Vosges. 

D. gigantea. — Greyish brown, rough, 
as if strewed with particles of sand, 
ovoid, elongated, and contracted an- 
teriorly. 1-326" to 3-326". It ap- 
proaches 2). protdformisj but differs in 
its more elongated form, in being: con- 
tracted anteriorly and almost pyrifoiTn, 
sometimes depressed, and lastly in its 
greater size : margin of aperture uneven. 

D. tncuspis (Carter). — Processes occu- 
pied by granules, greenish ; testa ovoid, 
little incrusted ; its foramen tricuspid in 
form, or of trefoil shape (A, N, H, 1866, 
xviii. p. 247). Frosenius appeal’s to have 
met with this form, but considers it only 
a variety of D. ohlonga, 1-320". 

I). P manna (Bailey). — Shell silici- 
ous (?), ovoid or lagonoid, witli a con- 
tracted neck and circular aperture ; sur- 
face divided by oblique lines into quadri- 
latornl spaces. Jr of 1-1000", diam. 1] of 
1 - 1000 ". 

A single specimen was found in sound- 
ings taken from a depth of 2760 fathoms, 
which had been cleaned with acids. 
This resistance to acids induced Dr. 
Bailey to consider the shell silicious, 
but we now know that chitinous shells 
ai’o equally unaffected. The discoverer 
doubted its being a Difflugia, on account 
of its marine habitat. 


Genus SPIRILLINA. — Lorica tubular, silicious (?), rolled in a spiral 
manner, like a Planorbis, It is allied to Dijffliiyia by its silicious lorica (for 
acids have no action on the shell). This genus probably agrees with the 
Spirulhm of Bory de St. Vincent; but the latter name has been otherAvisc used 
by Ehrcnberg to designate a genus of Polythalamia. 


Spiiulltna t'ivipara (xi. 37). — Shell 
orous, convoluted as a circular, spiral, 
orizontal tube, hyaline and smooth. 
Young lorica) may often be found con- 
nected with it. In the sea — Vera Cruz, 
Mexico. 

The form of this species recalls that 
of many undoubted Polythalamia, whilst 
it has no fellow amongst the Infusoria. 
Ehrenberg has likewise represented ap- 


parent dots or pores on its surface, like 
those through which the filifonn pro- 
cesses of Polythalamia are protruded; 
and the only reason implied in Ehren- 
berg’s account for reckoning it among the 
Polygastrica is its silicious shell : it is, 
however, most probably chitinous. It 
will be noted that Ehrenberg is inclined 
to believe it viviparous. 


Genus ABCELLA (XXI. 7-9, 15). — Variable processes, numerous and 
hyaline; single processes cleft into many, and expanded in a radiating 
manner ; lorica flattened, shield-like. The lorica varies much in structure in 
the different species. For instance, in A, vulgaris it exhibits regular and 
delicate facets ; in deniata the facets are large and crystalline ; in .4. acw- 
Uata it is beset with spicula ; and in A. liyalina it is homogeneous and 
dear. Vacuoles arc seen filled with coloured vegetable substances; and in 
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A. vulgaris and other species a contractile vesicle has been perceived. The 
processes are longer, as a rule, than those of Dijfflvgia, fibrous, and more 
Wanched. The shells are very commonly compressed, and have a discoid 
figure ; and in none are they soft and beset with extraneous particles, as in 
lyiffiugia, but are chitinous and elastic. 

“ The Arcellm (says Dujardin) seem to differ among themselves by the 
intimate structure of their lorica, which sometimes appears membranous, 
at others finely striated, reticular, or with granules disposed in spiral lines. 
Some Arcellce have also spinous prolongations from the border of their lorica. 
Pressure fractures their lorica like a brittle substance. The contained sub- 
stance escapes through the cracks so formed, in the form of contractile expan- 
sions like those of Amcehcr. I have seen one larger lobe almost separated, 
as if about to become an independent being. M. Peltier has observed con- 
tact to take place between the expansions of neighbouring Arcelloe without 
any union being effected, while the processes of the same Arcellce united and 
became blended together. 

** The lorica in young Arcellce is extremely diaphanous ; and granulations 
or striae are to bo seen only in those of larger size : hence it may happen, with 
respect to some species, that they represent but different stages of existence 
of the same animal.” 

Arcella vulgaris (xxt. 7, 8, 9). — tion ; one-half nearly occupied by the 
Ijorica round and bell-sliaped, with a largo foramen. This is a very doubtful 
hemispherical or turgid back; smooth, Arcella, and contrary in form to the 
but with rows of minute granules ; colour character of moiiothalnmous cells. A 
yellow or reddish-brown. Abundant comparison of Ehrenbe.rg’s account with 
amongst Lemme and aquatic plants, his figures leads us to believe this sup- 
1-570" to 1-240." posed species to be no other than a young 

A. aeiileata, — Yellowish, homisperical, liotalia of two cells (xx. 41), or other 
though often mis-shapen, and spinous incomplete polythalamous shell, 
throughout, or only around one-half of A. ecornis. — Large; hemispherical, not 

the mai’gin ; the shell is not readily de- areolar ; aperture round, large, placed to 
stroytid by heat, and is covered with one side ; entire. 

short spicula. 1-210". A. lunnta. — Subglobose, large ; with 

A. dentata. — ^Membranous ; of a he- a wide semi-lunar opening, seated to one 
mispherical or polygonal form ; maigin side. 

dentated; colour yellow or green. A. Nidus-pendulm, — Ovate-oblong, 
Amongst Confervie. 1-570" to 1-240''. hyaline, loosely areolated ; aperture in 
A. (?) hgalina. — ^Membranous, smooth, front, oblong, margin entire, 
elliptical or globular, smaller than the X. IHletis. — Hemispherical, depressed, 
preceding, thin rtuI soft, colourless, reddish, minutely and elegantly areolar ; 
Found in ddbns at th(^ bottom of pond- aperture central, circular, 
water, along with CypMdium aureohim, A. P Globulus. — Subglobose ; with 
&c. 1-1150 to 1-570". The shell is loosely reticular lines, appearing granu- 

not quite symmetrical, one side being lar ; aperture large, simple. 1-730". On 
more convex than the other. Aperture moss at Berlin, Potsdam, &c. 
sometimes irregular. Ehrenberg was not A. granaUita. — Oblong, hyaline. Has 

certain that this species is not a Uifflugia. the habitat and size of A. hyalina, with a 
It is indeed very like many specimens of granular instead of a smooth surface. 
I). Enchelys. 1-940". On moss in Ilercynia, &c. 

A. Americana. — Oblong ; aperture A. caudicola. — Ovate, oblong, roimded 

small, round, not in the median line. at each end, h valine, veiy delicately 
X. comtricta. — Ovate; slightly con- hispid, not areolar; aperture anterior, 
tracted about the foramen, which is very round, large. 1-840". Habitat of A. 
large and to one side. Nidus-pemlulus. In Venezuela, on roots 

A. dispheera, — Oblong, almost di- of plants, such as ferns, &c. 
vided into two by a central constric- A. Okenii (Perty) (xxi. 16). 

Genus CYPHIDIUM (XXII. 24-27). — Has only one dilated variable 
process, and a lorica of the form of a pitcher, with protuberances issuing 
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from it. Tho lorica is combustible, and is something like a little die or 
stamp, mounted upon a short stem. It is vciy irregularly formed, having 
protul)erancc8 which make it appear four-cornered. The organ of locomo- 
tion is a broad gelatinous variable process with smooth edges, not unlike 
Amoeba vermcosa. Vacuoles have not yet been observed ; modes of propaga- 


tion unknown. 

Cyphtdium aureolum (xxii. 24-27). — 
Lorica cubical, with protuberances ; pro- 
cess colourless. “ In Mai'ch, 1865,” says 
Ehrenberg, “ I first observed hundreds of 
these creatures in a glass of water which 
had stood throughout tho winter, in com- 
pany with some specimens of the Mi- 
crasterias. Previously to discovering 
these, the Amoeba verrucosa had been 
abundantly generated, and afterwards 
Arcella hyalina. The creatures were in- 
active, although by attentive observa- 


tion they might be seen to change their 
places.” Ehrenberg only once perceived 
the locomotive organ of the animalcule, 
situated under one corner, — upon which 
it appeared to rest, and that so firmly that 
six out of the eight protuberances of tho 
die-like lorica w’^ere visibli? at the same 
time. In fig. 2(1 tlie gedatinous variable 
process is seen projecting from beneath 
the lorica. Pig. 27 is a young specimen. 
1-670” to 1-460”. 


Genus TEINEMA (Duj.). — Shell membranous but resistant, diaiihanous, 
ovoid elongated, narrower in front, writh a large obliiiuc orifice placed late- 
rally ; expansions filiform, as long as the shell, very thin, and but two or 
three in number ; entirely retracted when others are to be jiushed out from 
another side. The animal is moved onward by their alternate protrusion and 
contraction. This genus is accepted by Frcseniiis. 

TniNE^fA Acinus. = DIjffliKjia Enchelys (Ehr.) (p. 55.6). 

Genus EUGLYPKA (Duj.). — Shell diaphanous, resistant, membranous, 
elongated, ovoid, rounded at one end, terminated at tho other by a very 
largo truncated orifice, with a dentatod margin ; its surface marked by emi- 
nences or depressions, in regular oblique series ; expansions filiform, nume- 
rous, simple. 


Euglypha tubvrculata. — Lorica stri- 
ated, with rounded tubercles. Termina- 
tion of egiansions extremely delicate. 
1-295”. round in stagnant ponds. 


E. alreolata (xxi. 11). — liorica with 
regular polygonal despressions in regular 
oblique (spiral) series, bearing spincis at 
the upper or posterior end. 1-290”. 


Genus GROMIA (XXI. 12, 16)(T)uj.). — Lorica smooth, yellowish-brown, 
membranous, soft, globular, with a small round opening, from which tlie very 
long branching expansions proceed, tapering to very fine extremities. Pound 
in both salt and fresh water. 


Gromia oviformis. — Globular, smooth, 
aperture sorrouuded by a short neck ; ex- 
pansions very lon^, fibrous, branching, 
slightly anastomotic, colourless or pale- 
yellow, transparent ; animal contents 
of a yellow or reddish-brown colour; 
the processes hyaline, permeated by a 
current of granules. Shell 1-20” to 
1-16”. 

G. Jluviatilis. — Globular, or ovoid, 
without a neck ; expansions palmate and 
anastomotic. 1-290” to 1-104”. 

G. hyalina (Schlumberger, A. S. N., 
1845, p. 254). — Globular or rather ovoid, 
smooth, soft, diaphanous, colourless ; 
foramen round, with a very short neck, 
formed by a reflexion of the lorica ; ex- 
pansions filiform, numerous, vcjiy fine, 


branching and anastomotic. 1-8C6” to 
1-520”. In rivulets. 

“Notwithstanding the absence of co- 
lour in the shell,” says Schlumbei-ger, 
“I arrange this species in the genus 
Gromia. In size it also differs from the 
other two species. The lorica, being 
transparent, admits to view some bluish 
globules, and a large hyaline glandular 
ovoid body^, like that in the interior of 
other diaphanous Rhizopodes.” 

G. 7>i!(/arr7tV«V(Schultze). — Shell sphe- 
rical, ovoid ; more constant in figure than 
G. oviformis, colourless or faint yellow, 
with a short neck-like elongation at the 
foramen, or none ; animal contents dark 
sepia-brown ; processes hyaline, with no 
moving granules. Diam. 1-2'”. Ancona. 
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Genus LECQUEREUSIA (Schlumbergcr). — Shell ovo-globular, or retort- 
shaped, rather depressed, membranous, but resistant ; with a wide short 
neck, and circular terminal aperture, giving passage to cylindrical thick and 
obtuse expansions. 

This genus approaches Diffiwfia (Duj.) in the character of its expansions; 
but the very different form of the shell, and the position of the aperture, 
sufficiently mark the distinction between the two. Its distinctness is re- 
garded with doubt by Schultzc. 


Lecquereusia Jurassica . — Shell re- 
sistant, diaphanous, grey, of a globular 
figure, but rather depress(jd, with a short 
wide neck. Length about 1-250" ; breadth 
l-:n5". 

This beautiful species is met with on 


aquatic plants, in many of the lakes of 
the Jura chain about Ncuchatel. Its 
diaphanous lorica allows its interior soft 
hyaline and granular body, strewn with 
brown specks, to b(j seen. * 


Genus CYPITODEIITA (Schlum.). — Lorica membranous, resistant, ovoid, 
elongated anteiiorly, where it is curved and constricted in the form of a 
neck ; surface marked by prominent points in oblique rows ; aperture circular, 
oblique ; expansions very long, filiform, very fine at the extremity, and simple 
or branching. 

The oblique disposition of the rows of points, the obliquity of the aperture, 
and the character of the expansions, bring this genus into affinity with Tri- 
nema (Duj.) ; but the constriction, forming a neck, seems sufficiently distinc- 
tive between the two. This genus, though admitted by Fresenius, is treated 
as doubtful by Schultzo. 

C YPTIOD KR I A mwujantaem, — T iorica : water of the V osges with vegetable ddbris. 
yellow ; the surface is divided into mi- 1 The fonn of tlio lorica varies ; at one tinio 
iiute facets, which appear like translucent , the nock may be but rudimentary ; at 
points or rows of pearls. Processes attain another the posterior end, instead of 
twice the lengtli of the slndl, and are being wide and rounded, is contracted 
simple or bran<*hed. Ticngth 1-.‘195" ; sudcleuly to a truncated apex. Aperture 
breadth 1-840" to 1-408". Common in the ; crenulate. 


Genus PSEITDO-DIFFIiUGIA (Schlum.). — Shell membranous, ovoid or 
ovo-globular, smooth or striped spirally, with a wide round opening, whence 
proceed numerous long slender exi)ansions, either simple or branching. 

This genus is allied to Difflagia by the form and character of its shell, but 
differs from it in the nature of the expansions ; it is admitted as doubtful by 
Schultze. 


PsEUDO-DiEFLUGiA yvacilu. — Shell 
bluish brown, brittle ; surface as if beset 
with minute grains of sand, of a more or 
less elongated ovoid figure; expansions 


filiform, very long. Length 1-740" to 
1-4G5"; breadth 1-890" to 1-740". Found 
near Mulhouse. 


Genus SPHENODERIA (Schlum.). — Shell diaphanous, colourless, resistant, 
globular, with a flattened wedge-shaped neck ; surface marked by polygonal 
depressions, disposed in regular oblique rows ; aperture terminal, compressed, 
almost linear. Expansions filiform, very long and attenuated. 

The form of the aperture and of the neck separates this genus from Trinema 
and Eiiglypha, to which it is allied by the stiiicturc of its lorica. Schultze 
treats it as a doubtful genus. 


Spiienoueria lenta . — Ijorica as above I slender and simple, or branching. 1-660" 
described, expansions few, very long, | to 1-620". 

Of all the RJiizopodes I have examined (says Schlumberger), this is the 
slowest in its movements, and its expansions the most difficult to discover. 
I have found it on tufts of moss in marshy rivulets. 
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A glandular body and hyaline globules are seen in the internal soft sub- 
stance near the posterior end. In moving, the position of the shell may bo 
perpendicular, or obliciuo to the surface of rcptation : the hexagonal depres- 
sions arc indistinct but large. The shell fractures along the lines of junction 
between the hexagons. 

Along with the preceding genera, Schultze, as before stated, includes in the 
division Monothalamia tho new genera Lagynisy SquamuUna, and Comu- 
sj>ira. 


Genus LAGYNIS (Schultze). — Shell membranous, elastic, retort-shaped ; 
body colourless, transparent ; foramen large, but the processes few, very fine, 
occasionally branching. 

It forms the type of the family Lagynida. 


Lagynis haltica, — The transparent 
contents rarely till the shell, but leave a 
space posteriorly, into which they send 
processes which converge towards the 
summit of the concavity of tho posterior, 
rounded extremity. 0 05'". Baltic Sea. 


The form of tho shell approaches that 
of Euglypha (?) ciirvatay described by 
Perty, and found in an empty state by 
him "on the Simplon, at an altitude of 
4000 to 5000 feet. 


Genus SQUAMXJLINA (Schultze). — Shell calcareous, plano-convex, or 
lenticular ; adherent by the plane surface ; cavity single, one largo opening 
on the convex side ; no pores. 


Squamulina Im'is, — Irregularly cir- 
cular; much tiattened; convex portion 
thick and smooth, the tint poi-tiou very 
thin and scarcely separable Irom the ob- 


ject to which it adheres. The yellowish 
animal protrudes numerous processes 
fi’om the excentric foramen. Tiargest 
diam. 1-20'". Sea-water, Ancona. 


Genus COllNUSPIRA (Schultze). — Shell calcareous, spiral, like a Pla- 
norbis shell ; solid or finely porous ; discoid ; symmetrical, L e. with both sides 
alike ; cavity single. One large foramen at the termination of the spiral. 


CouNUSPiBA planorhis. — Shell trans- 
lucent, brown, without pores; six or 
perhaps more turns of spiral seen. Mud 
from the coast of Mozambique and 
Trieste. 

C. perforata, — Finely porous, hyaline, 
colourless ; pores circular, becoming gra- 


dually larger towoifis the teiTiiination of 
the spiral ; as many as seven turns seen. 
On the coast of Mozambique. 

D’Orbigny^s Operculina inserta is pro- 
bably the same form. The Spirillina de- 
scribed by Ehrenberg is somewhat like, 
but is probably only a young MUiola, 


Genus CADIUM (Bailey) (XXII. 19). — Shell silicious (chitinous?) ovoid; 
elongated as a sort of neck, which is bent upwards and outwards, teiminatcd 
by a circular foramen. 

This genus was instituted by the late Dr. Bailey, of New York, to include 
some empty Rhizopodous shells met with in the soundings taken in the gulf- 
stream. (SillimaWs Joum, xxii. 1856.) 

Caoium marinum (xxii. 19). — Shell I which about 12 are visible at once, 
marked by numerous meridian lines, of | Length 2-1000"; diam. 1 J-1000". 


Sub-group ACTINOPHRYINA. (Part I. p. 243.) 

(XXIII. 24-37.) 

A sub-clara of Rhizopoda having a more constant and definite form, and 
furnished with long tapering retractile filaments or tentacles, which serve 
08 prehensile organs, in the place of the usual variable processes of the class. 
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Their movements are excessively slow, and sometimes inappreciable ; and the 
tentacles appear not concerned in them: conjugation is of very frequent 
occurrence. 

The genera enumerated in this section are ActimphrySy Podophrya, TrU 
eJiodiscus, and Dendrosoma, The distinction between the two first-named 
genera is denied by Stein, and probably with reason, for the stem of Podo^ 
phrya is not sufficiently characteristic {vide Part I. p. 243). Trichodiscus is 
little known to observers, and probably is only a variety of Actimphrys ; and 
Dendrosoma has hitherto received little attention ; its branched pedicle, how- 
ever, gives it a generic importance. 

Dujardin formed a very correct conception both of the organization and 
affinities of the Actinophryina, which were coupled with Amoebaja and lihizo- 
poda in his second order of Infusoria. He rejected the genera Podophrya 
and TrichodisciiSy which he merged in the genus Actinoplirys. Siebold very 
strangely overlooked the true structure and affinities of Actinophrys, which 
he placed with Enchelia, in company with the very dissimilar Prorodouy 
among his “ Stomatoda.” 

Perty has constituted Actinophryina a second section of Ciliata, and has 
adopted the genera ActinophrySy Podophrya, and Acineta. Trichodiscus ho 
regards as only a compressed form of Actinophrys, and treats Dendrosoma 
as an aggregated one, in which the individual beings are collected into 
colonies. 

Genus ACITNOPHIIYS (XXITI. 28-32). — Body more or less spherical, 
usually compressed or discoid, sometimes irregular in outline, owing to the 
projection of superficial vacuoles. Tentacles tapering, terminated occasionally 
by a rounded head (Le. capitate), pretty uniformly distributed, their length 
generally exceeding the diameter of the body ; retractile, and for a time lost 
in the substance of the body, but reappearing at the same place and under 
the same form. The tentacles serve for prehensile instruments, but not for 
locomotion. Food is introduced within the body at any part, and not through 
a mouth ; and its excrementitious portion is in a similar manner discharged 
from any part of the exterior. Internally are one or two contractile vesicles, 
placed immediately beneath the surface, a nucleus with a nucleolus, ali- 
mentary vacuoles, granules, and probably small nuclear cells. Beproduction 
takes place by fission, and in Dendrosoma by gemmation. Germinal deve- 
lopment is presumed, and conjugation is a frequent phenomenon. 

The proboscis mentioned by Ehrenberg appears to be a sort of expansion 
of the sarcodo of the body, homologous with a variable process, which enve- 
lopes and then drags the prey into the general miiss. 

Ehrenberg believed he had discovered a mouth, anus, and polygastric 
structure, and that he had succeeded in demonstrating this last by feeding 
with coloured food. Ife likewise adopted Eichhorii’s statement — that the 
tentacles acted as locomotive organs, by giving the animalcules the power to 
crawl. 

The specific distinctions hitlicrto attempted are really of little worth ; even 
the highest authorities are in doubt, and disagree among themselves, respect- 
ing the specific names of the animalcules they so elaborately describe ; and 
the revision of the several forms and varieties of Actinophrys is urgently re- 
quired before any satisfactory separation into species can be made. We 
append those forms which have been accounted specific by different authors. » 

Actinophrys Sol (xxiii. 28, 31,32). I spherical, or nearly so; the tentacles or 
— Colour whitish, or rather grey ; figure 1 rays divergefromeverypart of the surface. 
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and taper to their extremities^ and equal j 
the diamettir of the body in leii^^th. 
Found in the dust-like matter upon the 
surface of iiifusious, and among Conferva) 
and vai'ious aquatic plants. 8ieiu asserts 
that these habitats are those of A. Eich- 
horniii not of A, iSolj which does not oc- 
cur as a free being. 1-110'" to 1-53.'" 

TJiis species has been very much con- 
founded with .^4. EichhomiL Kolliker inis- 
took this last for A. Sol; and Olaparede 
wrote his description of A.Eichhorniifaiid 
afterwards discovered it was A, Sol that 
he had investigated. Indeed the brief 
characters furnished by Ehrenberg are 
quite inadequate to identify the species. 

A. Eichhornii (xxiii. 29). — Large, 
white, globose; tentacles shorter than 
the diameter of the body, and tapering. 
The cortical and medullary la^^era are well 
distinguished; the fomier contains nu- 
merous vesicles. Tentacles contractile, 
seen to bend themselves in the prehen- 
sion of food, &c. Stein allirms that the 
being which Ehrenberg described and 
hgured under this name is no other than 
A, Stdf that the tentacles are by no 
means always shorter than the diameter 
of the body, but ofUm longer, and tJiat 
this ciriiumstance of relative length can- 
not be us(5d ill the diagnosis of the spe- 
cies, but that tile conical tigui’e of the 
tentacles is distinctive. Stein’s views 
on these specific details must be re- 
ceived cum yrano satis ; for the influence 
of his Acinetiform h\q)othesis pervadi;s 
his systematic history of the beings of the 
clas.s under notice, and his figures of A. 
Sol prove him to have been in error either 
in the observation or in tlie interpreta- 
tion of the organism ; fur tlusy indicate a 
member of the Acinetinu raiher than of 
the Actinophryina. Forty seems to think 
the largest specimens of A. Sol constitute 
A. Eichhornii (Ehr.). 

A. ocuhta (<ytein) (xxiii. 24, 25). — 
Hound, more or less discoid, with seveml 
concentric circles of vesicular spaces dis- 
tributed over the surface of the animal- 
cule, giving it an undulated outline. The 
tapering, pointed tentacles arise; from the 
eminences of the surface, and are equal 
in length to the diameter of the body, 
except in small specimens, in which 
they rather exceed it. The periphery 
of the body is covered with a homo- 
geneous, transparent, gelatinous, appa- 
rently thick layer, within which the 
large, vesicular, non-contractile spaces, 
filled with water, are found. Besides 
tins superficial layer, a cortical and a 
modullury substance arc ■ clearly pro- 


nounced. The particles of food do not 
enter the medullary substance. The 
finely granular nucleus is central, sur- 
rounded by a ring of clear medullary 
matter. Pressure, after the action of 
acetic acid, will sometimes detach it as a 
free body, invested by a membrane, and 
having within it an ill-defined gi’anular 
nucleolus. l)iam. 1-38'" to 1-35'". 

A. riridis (Ehr.). — Spherical, gi*eeni8h ; 
rays numerous, shorter than the diameter 
of the body. Diani. of body 1-020" to 
1-280". Amongst Conferva). 

A. diffonnis. — Irregularly lobed, de- 

f iressed, and hyoline; ravs variable in 
ength, some exceeding tie diameter of 
the body, which is from 1-670" to 1-280". 
The animalcule thus described Stein ap- 
prehends to be nothing more than several 
young specimens of A, Eichhornii con- 
joined (conjugated). 

A. marina (Duj.). — Differs from A. Sol 
in its habitat, and iu the more marked 
contractility of its rays. A mongst micro- 
scopic Algie in the ^Iciditorraneiui. Pro- 
bably a mere varitjty of A, Sol, 

Tile claim of A, riridisj A. diffonnisy 
and A. marina to specific distinction is 
extremely doubtful. The green colour 
of the first is immaterial, and the rela- 
tive length of its rays to the body of no 
specific importance. The iiTegularly- 
lobed outline of A, difformis, again, is an 
immaterial condition ; for the soft bodies 
of true Actinophryina admit achangeable 
outline, and the reception of food, more- 
over, to a certain, extent involves it. 
Dujardin justly attributi;s no other value 
to his species A. marinay than that it 
may serve to indicate an Actinophrya 
living in the sea. 

A . pvdicdluta ( Duj . ) = Podophrya Jixa, 
A. diyilata. — (Duj.). — l)epre8.sed ; rajs 
flexible, thicker at the base, fonning, 
when contracted, short, thick, finger- 
like processes. Diam. 1-750". In fresh 
[ water containing marsli -plants. Its dis- 
coid body would rather place it with 
Trichodiscus, • 

A. yranata (Duj.) (Trichoda granatay 
M.). — (llobiilar, opaque at its centre, sur- 
rounded by rays of less length than its 
own diameter." 

A. Discus (Duj.) = Trkhodisem Sol 
(Ehr.). 

A. ovata (Lochmaun). — A species 
named by this naturalist in A, N, II, 
1867, xix. p. 221. 

A. hretneirrhia fPerty). — Of a dusky 
yellowish green colour, rarely colourless ; 
tentacles much shorter than the diameter 
of the body; not capitate, but bristle- 
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like. Its outline is double, with a peeu recognizing this orgaiiisin to be an 
or red line. Length 1-600" to l-oOO"* Actimyphrya, should not have adopted 
Hern. Among Conferva). Hujardiii’s very appropriate name for it, 

A. Stella {yGxiy)=Tnehodiscm Sol , — rather than encumber the student with 
ft is to be regi’etted that Perty, whilst another. 

Genus TRICHOBT8CUS. — Body depressed, with a single marginal row of 
setaceous tentacles ; vibratilo cilia and teeth absent ; no pedicle ; mouth 
tnmeated (Ehr.). 

These Infusoria, by their flat disciform shape, resemble Arcellmy but, un- 
like the latter, are soft and illoricated, with stiff, bristle -like rays. A central 
opening, and a largo lateral gland (nucleus), have been recorded by Ehren- 
berg, who likewise states that he has seen, though indistinctly, numerous 
digestive cells, but neither the reception of coloured food, nor an anal orifice. 

This account is very unsatisfactory as a means of determining a genus. 
The discoid figure is not a sufficient distinction from the genus Actniophrys ; 
and, on the other hand, the softness of the integument, compared witli the 
lorica of Afcelhty is not a generic distinction ; for the so-called lorica of the 
latter genus is in many instances only a flexible integument. 

Cohn (Zeitschr. 1853, Band. iv. p. 262), after remarking on certain Acti- 
nophiyoan beings covered with adliercnt foreign particles of sand, Cyclo- 
/c//«-shells, tfec., and surmising that such beings were no other than Difflugice 
engaged in the formation of a lorica, submits the opinion, in a foot-note, that 
Trichodlscm Sol (Ehi\) is a similar organism, because Ehrcnberg describes its 
tentacles as jirocceding from the midffie of the body, which is often partially 
coloured with brownish corpuscles. 

Tricitobiscus S(th (ActinophryH Dis- Amongst Conferva). Diam., without 
cas, 1).). — Depressed, almost flat, hyaline ra^'s, 1-4^30" to 1-210". 
or yellowish, with variable rays." The Perty, as already seen, retains this spo- 
molion of this species is very sluggish ; cies with Actinophrysy with the name of 
it often remains for a long time inert. A, Stella. 

Genus PODOPHTtYA (XXIIT. 34-37). — ^Thc members of this genus differ 
from Aetinoj)hrys only in being stalked. Stalk single, not branched. Eh- 
rcnberg described them as Enchelia devoid of vibratilo cilia and teeth, with 
spherical bodies, covered wuth setaceous tentacles ; having a truncated (direct) 
mouth ; and in organization equivalent to AclinopJirys, with a stiff stalk. 

PonornRYA oeata (Alder). — Body mals, and therefore could not bo retained, 
ovate, with a very slender and short Dr. Strethill Wright has since studied 
stion ; tentacles capitate, retractile, in a these beings, and distinguished one as 
single row, less numerous than in Ephe- Ephelota apivaJom^ and placpd the other 
and forming a naiTow disc, two among Podophrycc. Mr. Alder (^/. 
Pariisilic on St^rtularUe. N. H. 1851, v ii. p. 427) recogiiizcHl tJicir 

P. py}'ifor7nis (Alder). — Body pear- relation to Achietre^ and their afliiiity 
shaped, or rather campaiiulnte, with a di- to Cainpanulnriau Zoophytes, betwcjen 
stiuctrim around the summit, and a sin- which and Infusoria he considered them 
glc circlet of delicate, capitate, retractile tlie most pei’fecrt link known, 
tentacles; stem long and slender. Pa-. P. Jixa {Triehoda Jlxa, M. Actino- 
rasitic on Paludiceliay and, unlike the pJirys pedicelhitay I).). — Body spherical, 
prec(?ding, an inhabitant of fresh water, turbid, whitish, with a diiiphanoiis pe- 

These two species were first described dicle slightly excised at the extnmnty. 
Iiy Mr. Alder, along wAth Ephehia apicu- The rays or tentacles are capitate at the 
losa, and were described in the previous extremity, and equal in length tho dia- 
edition of this work, imder the name of meter of the body. Ehrcnberg states 
“ Alderia." Lately, however, Mr. Alder that tho seizing or catching power of 
WTote to inform , us that this name had this nnimtilculo is very interesting to ob- 
been applied to a different class of aiii- .^erve. So sooij as a quickly -vibrating 

2 0 
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TrichodbiaGraifidimlla approaches to,aud 
comes in contact with, its teiitacula, it 
is immediately taken prisoner, ceases to 
vibrate, and stretches out its cilia back- 
wards. On the whole, this species re- 
sembles Acineta\ but Ehrenberg sup- 
posed it to possess a dischai'ging orifice, 
though its situation is unknown. Found 
among dust-like matter upon the sm*face 


of pond-water, “ and perhaps,” says Ehr., 
also in the sea.” Diam. 1-430". 

P. /*6iTa(Pertv). — Stemless, spherical; 
colourless, or &int yellow; periphery 
smooth; tentacles hyaline, pointed in 
greater or less number, many very long, 
sometimes veiy few present, many seen 
curved. Diam. 1-330”. In stale pond- 
water. 


Claparede and Lachmann have recently (Ann. d. Sc. Nat. 1857) distin- 
guished a number of species of Podophrya, many of which would be accounted 
Acinetce by Stein ; however, they have no capsule like members of that genus. 
No characters arc given. The following are noted: — 1. Podophrya Cy- 
clopum^ parasitic on Cyclops and Lemnoe; 2. P. CarcJiesii, on Carchesmm 
polyphmm ; 3. P. quadripartita. the same as the Acineta assigned by Stein 
to kpistylis plicatilis ; 4. P. a large form, pear-shaped, found on 

Lemna trisulca ; 5. P. cothurnata, the diademiform Acineta of Stein ; 6. P. 
Ferriim-equinum, iho Acineta. of the same name of Ehr. ; 7. P. Lynyhyei, the 
Acineta Lynyhyei (Ehr.) ; 8. P. , a maiine form, with extremely dila- 

table suckers. 

Genus DENDROSOMA (Ehr.). — Tlds includes beings which resemble 
Actinophrys, supported on a branching pedicle. The base of the thick 
pedicle or trunk is fixed ; and its divisions hear the animalcules at their ex- 
tremities. In appearance, therefore, it resembles a microscopic Sertularian 
polype. 

The question may bo raised, if this genus is not the same as Anthophysa 
(p. 500), misinterpreted in structure ; and if the organisms terminating the 
branches arc not UveUce instead of Actinophrydes. 

Dendhosoma radians. — Corpuscles I tentacula; disposed on a soft, smooth, and 
(animalcules) conical, furnished with 1 altoinately branched sttmi. At Berlin. 


Genus EPHELOTA (Wright). — Similar to Podophrya ; but the tentacles, 
instead of being capitate, arc pointed, and form a wreath or circlet. They 
seem also to be either sliglitly contractile or retractile, or only flexible. 
Pedicle comi)o.scd of a cortical matter or integument, and a medullary or 
contained substance. 


Epttelota apiculosa . — Body vase- or 
ciip-slinpcd, expanded at top and set 
round with several circlets of numerous 
pointed tentacles ; abruptly thickened to- 
wards the Biise. The tentacles, which 
are always in mom than one row, enjoy 
little motion, cun^e themselves forward 
occasionally, and are slowly retracted at 
times. Pedicle stout. Pound parasitic 
on Sertulana ; by Dr. Wright on Coryne. 

It differs from-K coronata in having tlie 
body wider than the stem, more cup- 
shaped and elongated, and the tentacles 
more irregular, soft, retractile, and unsup- 
ported by the solid matter which occurs 
in the interior of those of the species 
named. It is especially distinguished by 
the^ shape and structure of the stem, 
which isof nearly c(pial diameter through- 
out, and encloses a cortical substance 


formed of circular fibres passing at right 
angles to the fibres of the medulla, which 
cortical fibres are absent in E. coronata. 

E. coronata (Wright). — Body consists 
of a short cylinder of densely granular 
sarcode, slightly enlarged above and be- 
low, so as to resemble the circlet of a 
crown. It i3 aurmoimted by a circle of 
thick, acuminate and radiating tentacles, 
which are capable of being slowly curved 
inwards, but cannot be contracted. They 
remain stiffly extended when the animal 
is immersed in alcohol. The structure of 
the tentacles, I believe, is unique. Under 
high microscopic power they are seen to 
consist of a bundle or framework of fine 
parallel rods of homy (H) texture, imbed- 
ded in soft contractile sarcode. The more 
central rods of the Bundle protrude con- 
tinually beyond those exterior to them, 
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SO that the point of the tentacle is formed wards the jjoriphory. After immersion 
of only a very small number. In oth(ir in spirit, this fibrous structure becomes 
examples, each rod, under a power of 800 muen more apparent. The action of the 
diam., assumed a bearded structure. spirit also causes a fine nunnbrane to 

‘^Tlio animal secretes beneath itself, separate from the surface of the pedicle, 
or fwim its base, a pedicle of diaphanous which appears to be continued down- 
and colourless substance, which increases wards from the body of the animal, and 
in lenj^lh and breadth wdth the increasing is ]jrobably analogous to the nuiinbrane 
growth of the animal, until it assumes whicli I have alrtiady shown to exist as 
the form of a glassy club, on the thick a lining and covering to the cell of Fa- 
upper extremity of which the animal gimeoUt valvatUf and which secretes and 
is seated. The whole of the pedide hides within itself the valve that closes 
is covered by a growth of scattered the cell of that curious animal ” 
hairs ; but it may be doubted whether Neto Phil. Journ. 1858, p. 7). 
these have any organic connexion with This species was twice seen by Dr. 
it, and whether they do not belong to Wright, ^^each time in large colonies, 
one of those minute classes of Algm the situated within tluj mouth of shells iu- 
striKduro of which eludes microscopic habited by the hemiit-crab, where the 
I’csesirch. A longitudinal fibrous struc- dense white bodies of the animalcules, 
timi is faintly scon in the axis of the seated on their transparent pedicles, form 
pedich', but it gradually disappears to- sufficiently remarkable objecjts.” 

Oonus ZOOTETllEA (Wi-ight) (XXXI. 14-15). — Body furnished mtli 
numoroiis contriictilo acuminate rays (tcutaciila) ; elevated on a contractile 
pedicle. Hays becoming thickened towards the point wlicn not fully ex- 
tended, but not capitate. 

ZooTETUEA rcligatn (xxxt. 14-15). — contiunons with the t^xtomal coat of tho 
The body of tho animalcule, wdien con- body. I have several times seen this 
tracted, consists of densely grnmdar sav- animal, always in c?olonies. Wlicn seen 
codo siiTTound('d by a layer of more by oblicpio illumination, it has a very 
transparent substance. 'I’liis external si viking appoarance, I’lio liglit reflected 
coat IS capable of being prolonged into from tlie rays lias the appearance of two 
innumerable exceedingly atteimaUid ten- cones issuing on opposite sides of the body, 
taclesor rays, from eight to ten diameters ' and rotating in opposite directions with 
of the body in length, and r(*semhling in ^ every movement ot the lamp. Found on 
stnicture those of Pphehta apieiiUmi. 'The shells dredged from deep water in tho 
aniinaleiile is elevated on a long coiilrac- Firth of Fortli. 
tile pedicle, which appears also to be 

Wo arc indebted to Dr, Stre thill Wright of l^din burgh for the knowledge 
of this goims and species. Dr. Wright was so kind as to transmit the 
acconnt to us in mannscript, together with notes on Ephelota, tho characters 
of th(? following peculiar genus Corethria, and those of several additional 
Infusoria. 

Genus COEETHIIIA (Wiight) (XXXI. 5, 6). — The history of this genus is 
thus dcsciibed (in Uteris) by its discoverer, in the details of the structure of the 
only species yet found, viz.: — “ CoreihHaSertularice consists of a body, or oblong 
cushion-like mass of granular sarcode, furnished with a long club-shaped 
appendage, which bears at its summit a thick brush of tentacles. Tho body 
is generally homogeneous, although occasonaUy one or two large cells are 
seen within it. ^e mop-liko appendage is seen to contain two stnicturcs, 
both without granules. The interior or medullaiy portion is a transparent 
and structureless cylinder, arising from a slight depression in tho body of the 
animal. The exterior structure, also transparent, is transversely wrinkled or 
rugose. Tho tentacles are transparent, from eight to about forty in number, 
and have occasionally a slight waving motion : they appear to arise from the 
internal lamina or core of the mop. A second kind of appendage is frequently 
found attached to the body of Corethria, in the form of a long spindle-shaped 

2 o 2 
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mass of granular sarcode, similar to the body, having a depression, perhaps an 
orifice, at its distal end. This is cither a parasite or a gemma, as it is some- 
times found attached alone to the SertuUxria. It appears to multiply by 
fission, as two are sometimes found attached together.” 

In another letter, Dr. Wright remarks that he has “ doubts as to the Gre- 
garina-\\kQ body being a part of the animal, as it is often absent,” and ho has 
“ seen it fixed to neighbouring bodies.” Food is probably taken u]) by the 
summit of the mop-like process, absorbed, aiid carried down to the body. 

Dr. Wright has found this remarkable animalcule three successive years at 
Granton, in great abundance, though in a limited locality. It occurs at all 
parts of the polypidom of the Sertularia pumila^ but chiclly in the angle 
between the mouth of one cell and the lower part of the cell above, where 
two or three sometimes nestle together. 

Although unlike all other animalcules in shape, Dr. Wright is induced by 
its structure to place it near Actinojihrys, Were it not for tbe cusbion-like 
body, the mop-hcaded process would be referable to Ephelota, 


Subgroup ACINETINA. (Part I. p. 258.) 


(Plates XXIII. 1-27; XXVI. 3-4; XXVII. 13-15, 18-20; 

XXX. 3, 4, 8, 21-23.) 

A subclass of llbizopoda, very closely resembling Actinophryina, but covered 
by an integument or caj)sulc, through which the retractile tcntacula or fila- 
ments are protnidcid, and usually su])portcd on a pedicle. 

The Acinetce have been supposed to have no power of nourishing them- 
selves by absorption of foreign matters from without, as do the Actinophryina ; 
but this seems to be an error ; and tachmann asserts them to bo peculiarly 
carnivorous animals, the prey being seized by the tentacula, which have 
suctorial extremities. 

The researches of Stein went to show that the members of this family were 
nothing more than a developmental idiasc of Vorticcllina ; but., although this 
view has been accepted by a few naturalists, it has been pretty successfully 
controverted by Lacbmann, Claparedc, and others, who have witnessed the 
reproduction of AcimUc from parent forms. 

The tentacles of Acinctina arc not as a rule capitate ; many taper, others 
arc of nearly the same width throughout. They may be distributed pr(?tty 
generally over the body, or only along a certain margin, or, again, may be 
collected into several bundles. 

To repres'ent the known specimens of Acinetiform beings, we shall describe 
all those varieties described by Stein ; for the tnitli or error of his hyj)othcsis 
of transformation does not affect the value of his descriptions of them as 
distinguishable foims of organized beings. Put before (jntering on the account 
of these, we shall reproduce the species enumerated by Ehrenbcrg under the 
head of Acineta, 


Genus ACINETA. — Has a membranous lorica, a simide pedicle, and 
numerous retractile, non- vibrating tcntacula. Ehrenbcrg notes his dis- 
covery of vesicles (stomach -cells) in A. hyayhyd and A, mysiacina, and of a 
nucleus in the hitter and in A, tuberosa, 8elf-di\ision not observed. Itcpro- 
duction by germs, noticed by 8tein, Cienkowsky, Lachinann, and others. 


Acineta Lynybyet. — Spherical, pe- 
dicle thick. It resemblea a stalhed Ac- 
iiitophrySf while the circular, radijitiiig. 


pale-yellow coloured body, with its thick 
ciystulline stalk, is similar to a retracted 
VoHivdhi, On Sertularia and other 
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Tolypcs. This is called a Podophiya 
bv fjachiiiaiin. Length, including stalk, 
ll]70" to 1-100". 

A. ttiherosa ( Vortivdla iuberosa, M.) 
(xxvr. 3-4). — Triangular, compressed ; 
dihit(?d and truncate anteriorly, with 
three obtuse tubercles or horns, of which 
the two lateral are more constant, and 
llirnished witli ttiiitacuhi. Pedicle siinphi 
and slender. 1-21 0" to 1 -100' ’. In inarsh- 
and sea-watei- ; on Cerannum diuphanum 
(XXI. 3-4). See account of Acincta of 
Zoothamnmm affine. 

A. mystacina (x. 205). — Subglobostj, 
obtusely honuid, with twt) elongated 
bundles of tentacula; pcdichi slender. 
Upon Lenina minor. 1-800" to 1-120". 

A. Ferrmn-cqninnm (xxiii. 20, 27). — 
Ovate, while, Ituilacula disposed at its 
fn)nt; pedicle small, thick; a central 
glfind of a horse-shoe shape. 1-210". Ber- 
lin. Tliis Lachmaiin calls a Podophrya. 

A. (?). — IJrightwell descrilu's an ani- 
malcule with an oval slieatli, of a dark 
colour, opako and gjunulated, and having 
a bundle of diverging rays proceeding 
from each extrcunity, nnmy of which, by 
t?ontra(;tiou or otherwise, have a globular 
tip. They were not obs(;rved to move or 
catch other animalcul(5s. In fresh water 
at Oulton, Norfolk. 

A. patida . — A species mentioned by 
Lachnianu {A. S. N. 1857) as developing 
(.‘inbryos, and common on Algte and 
Zostvra found on the coast of Norway. 

A. Cuciillua. — x\uothor specitJS named, 
and not described, by tlni same naturalist. 
Pound ill till*. Fjord of Bergen. 

A. cylindrica (Perty). — Colourless, 
ti’ansparent, cylindrical, supported on a 
short stem. 1-22'". 

Cothurnia maritima, — Its presumed 
Acineta boro a close resemblance to Aci^ 
nata tuberosa (Ehr.). It had a moderately 
long, thin stalk, not dilated upwards ; and 
the body was enclosed by a hyaline cap- 
sule, capped by a conical, roof-like por- 
tion, from which the inverted conical or 
pyriform gi-anular body \vas suspended, 
inoro or less space intervening betw^een 
it and the capsule. From oiurh external 
anterior an^le proceeded a bundle of 
gently-tjipering, fine, and slightly capi- 
tate tentacles, retractile and divei^ent. 
Internally was a round contractile space 
and an oval nucleus. 

JUpistylis hranchiophila. — The Acineta 
assig-ned to it by Stein lias usually a short, 
slightly curved, still* and solid pedicle, 
alwiws much thinner than the stem of 
the tiphitylis itself. Figure pyriform ; two 
bundles of bristly, non-capitate tentacula 


given off from its jinteiior end. The body 
exhibits constant changes in outline by 
the vermicular contractions of its tissue, 
and likewise alters its relative position 
with its stem. It likewise exhibits trans- 
itory folds, swellings, and inflations of 
the surfjwre. 1-240". 

i’. cras&icoUis. — Stem of its Acineta 
transversely striped, crystalline, mostly 
straight, and generally like that of the 
Epidylis itself, except in tliickness, being 
in this respect mucli thinner, save at its 
(ixpansion, supporting the body of the 
Acineta. This last is of a rectangular 
(igure, w'ith rounded angles, and often 
inflated at the middh?. Tentacula taper- 
ing, capitate, always few in number — 
from two to four at each of the four 
angles, and always longer than the dia- 
meter of the bodv. Length (maximum) 
of body 1-80’”, l&roadtli 1-28”'. Found 
on thij Ihitomostrsca. 

E. plicaiiliji. — ylr-o/c/t^-pi'diclo solid, 
longitudinally striated, much narrower 
than stem of the Epintyiis, exirept at its 
upward dilatation, where tlie body w'»ls 
affixed. Body pyiiform or ovoid, com- 
pressed ; in most specimims with a 
smooth surface and no tentacula : when 
the bust were presmit thev were small, 
capitiite, and few in inimlau’, and col- 
le,cted in four bundles, onii on each lobu- 
lar expansion of thi) then expanded Aci^ 
neta. Maxim, length 1 -10'", width 1-20'". 

Opercultiria arlivulata (xxx. 3-4). — 
Fediclo of Acineta rigid, solid, thin, 
mostly curved, and shorter than the 
body. After a certain height (about 
the half) it suddenly and gi’eatly ex- 
pands to its point oi’ articulation with 
the body. It is striated longitudinally, 
and hyaline. Body compressed, with a 
circular outline, or discoid, ovoid, or py- 
riform figure. Abruptly and widely trun- 
cate at its base, where it is fixed on its 
pedicle : suiTounded by an apparently 
firm and thick inti*gunient, without 
aperture, and covered at slight intervals 
by short, thick, tubular and undulating 
tentacles. Maximum length 1-20'" to 
1-12'", width 1-14'" to 1-24'". 

O. herherina (xxiii. 17-20). — Stem of 
Acincta very short, thick, solid, smootli 
or trims versely striped, usually con- 
tracted in the centre and dilated at eairh 
end. The stem supports a very large, 
flattened, discoid capsule, with a para- 
bolic outline, and having a gently curved 
anterior double margin enclosing an open 
space. The margins are comparable to 
a front and back lip : the walls of the 
capsule thick, flexible, and hyaline. A 
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portion of the contained Acineta-hody 
extends beyond the lips like a tongue. 
This process contains from foui* to five 
contractile spaces^ variable both in posi- 
tion and size, as well as changtmble in 
figure, from a circular to a dumb-bell 
shape. The rounded anterior angles of 
the process support numerous radiating 
tubiuar tentacles, neither capitate nor 
tapering, but retractile and capable of 
being collected together in cylindrical 
bundles. The tentacles may be retracted 
within the lips of the capsular opening ; 
and when this happens, the anterior mar- 
gin of tlie Acineta has a trilobate cha- 
racter ; and very frequently a transverse 
fold makes its appearance behind the 
middle of the bocfy, and might easily be 
mistaken for an indication of commenc- 
ing transverse fission. Sometimes two 
such folds are displayed. INLaximum 
length of capsule 1-14"', w'idth across 
the anterior labiate extremity 1-19'" j 
length of pedicle 1-126"'. 

In figure and other respects this Aci- 
neta^ remarks Stein, diirei*s so mate- 
rially from those of other Acinetiua, 
that, if these beings are to be considered 
independent organisms, it would require 
the creation of a now genus. 

O. Lichiensteinii (xxnr. 22-23). — The 
Acimta varies very mu(;h both in figure 
and dimensions. All varieties have a 
short, thick, solid stem, dilating upwards 
to the body of the animal. When largest, 
it equals half the length of tlie body, 
but 18 at times so short that the body 
seems as if sessile. TJie body is usually 
strongly compressed laterally, and in 
outline is a long or short oval, ovate, 
pyriform, or circular, except that in all 
cases it is narrowed at its base to equal 
in width that of tlie supporting pedicle. 
In short-stalked smaller individuals, the 
body is mostly so very shortened and 
depressed, in ^ts long axis, that the stem 
is quite overlaid, and the entire being 
has a reniform shape. A circular or oval 
nucleus occurs in the interior, but no 
contractile sac was discoverable. Maxi- 
mum length 1-18'", width 1-24'", dia- 
me.ter of smallest specimens 1-90'". 

Ophrydinm versatile (xxx. 8). — Stein 
does not appear satisfied with regard to 
the Acinetiform being to be assigned to 
this member of the Vorticellina (Ophry- 
dina). He found many C 3 "stic oval or 
ovoid bodies, with an irregular central 
nucleus and num(irous chlorophyll-cor- 
puscles in company with this Ophrydium ; 
and along with these, which he concluded 
to be encysted beings, other saccular 


orgi^isms, of like size and figure, con- 
taining also a central iiuideus and many 
chlorophyll cells, and withal furnished 
with a large number of tapering tubulai*, 
mostly curved or contorted, motionhiss 
processes or tentacles, distributed over 
the surface, recalling, in general appear- 
ance, the “ digitate Acimta'"' 

S^irochona gemmipara (xxx. 21-24). 
— SUiin assigns to this peculiai* member 
of the Vorticellina a very extrat)rdiriary 
AcmetUy which he has named Dendro- 
cometes paradoxm. The body is plano- 
convex, circular, without pedicle, and 
gives oft* from its surfatje no tentacles of 
any of the ordinary types, but one or 
more large tubulai* processes, more or 
loss branched. There is so gi*cnt an in- 
constancy in the number, position, size, 
and ramification of these processes (sa^’s 
Stein), that two similar specimens aro 
scarcely to be found. The processes on 
the siiiiu) being dift’er also very mucli in 
size and mode and degree of branching. 
Fiv(5 is the prevalent number in the 
most fully developed forms; above six 
are scarcely ever seen ; three or four are 
not uucoimiiou ; a single one is sihui only 
in luuhiveloped examples. An entire ab- 
sence of such appendagtjs is not very 
uncommon, tlie nuclear dev elopments in 
their interior serving to identify them. 
Neither their trunk-like process nor any 
of its ramifications lias the power of 
leiigthening or shortening itself ; but the 
whole process may undergo a certain 
ainount of curvature, and extend itself in 
a rigid maimer. Diameter of body 1-64'" 
to 1-26"'. 

Notwithstanding the very patent di- 
versity in fon*i and constitution, Stein 
declares these tubular ramified processes 
to be morphologically and physiologically 
identical with ordinary Icutaiuila. 

Vaginicola crystaUma (xxvir. 12-16). 
— ^The Acineta attributed to this being 
by Stein has a hyaline capsule, expanded 
in front and narrowed posteriorly into a 
sort of bollfiw pedicle. The dilated iippm* 
portion is infundibulifomi, urctjolate, or 
pyriform in figure, and is partially ociju- 
pied by the granular mass of the body of 
the nnimalculo, enclosed in a membra- 
nous sac of its own. 'fhe body is sus- 
pended from the vaulted anterior surface 
of the capsule by an intermediate gela- 
tinous l^er, which often appears pli- 
cated. Its hulk varies extremely ; at 
times it nearly occupies the whole cavity 
of the capsule, ' except the prolonged 
stem-like portion, which never contains 
any ; at others it forms onlj' a small ball 
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at tlie anterior end, wliicli is then con- 
tracted upon it by being thrown into a 
few loiigitudiiial "folds. The tentacles 
roceed from the anterior surface of the 
ody and penetrate through certain fis- 
sures in the capsule above, diverging 
from the surface in a radiating manner. 
They tiro long, cfmitato, slightly tapering 
and retracjtile. The body contains a cir- 
cular nucleus and a contractile vesicle. 
Maximum dimensions of capsule 1-4'" in 
height, 1-32"' in width. The minimum 
1-24"' high, and 1-43"' wide. 

Stein puts this Acineta foiward as one 
of the best illustra tions to bo obtained of 
the conversion of an encysted Vorticel- 
lina into an Achu4a. The Acineta Ins 
identifies with the A. myatacina (Ehr.), 
and portrays two modes of develop- 
ment: one by a series of ciliated em- 
bryos, enveloped each in its own capsule, 
given off from the surface by a sort of 
gemmation — this process going on until 
tlie whole animal mass is exhausted j 
the other by the convei*siou of the whole 
m.asvS, simultaneously, into s(!veral elon- 
gate(i-oval graimhir germs, covered by 
a niembrancj, but not ciliate<l. 

VorticeUa microstoma, — 8tein consi- 
ders tJio Actinophn/s Sol and Podophrya 
fixa (Ehr.) to be the Acdiictiform re- 
presentatives of this species of Vorfi- 
cella. In our opinion, as before (jxpressed, 
and which wo partakti in common with 
Citmkowski and others, the being de- 
scribed by Stei7i under the name Actmo- 
phrys is in fact an Acineta. It is repre- 
sented as cover(?d by a firm integument, 
which frequently assumes the characters 
of a cyst, becomes plicated around it, 
and exhmded into a hollow pedicle, 
^ving it the appearance of Podophrya, 
Moreover, foreign substances were never 
scon to enter its interior, as happens 
in the trmj Acfino 2 )hrys. Th(i further 
histoiy of this Acineta luus b(Hm sketched 
in the chapter on development of Ciliata 
(p. 300 et seqi). 

V, nehulifera. — The Acineta in Stein^s 
estimation belonging to this species of 
VorticeUa is found upon Lenina. The 
pedicle is much longer and the body 
more contractile, and therefore more 
changeable in figure, than the Acineta 
found on the Cycloids, When at rest, 
their figure is more or less compressed, 
and ovate or pear-shaped, with n pro- 
minent angle on each side of the anterior 
margin, from which a bundle of radi- 
ating retractile tentacles extends. Oval, 
circular, and discoid forms are not im- 
common. The 'stem is clastic, cuiTed, 


and, as a rule, longer than the body it 
suppoi-ts, and is hollowed by a nan-ow 
canal. It expands at its junction with 
the body and then spreads over it, form- 
ing an external sheath or capsule, except 
in the region supporting the tentacles, 
whore it seems to he either absent or of 
great tenuity. Beneath this is a special 
covering of the Acineta body, entirely 
investing it. Notwithstanding theso co- 
verings, the body is I'emarkimle for its 
contractility and the mutability of its 
figure. It also enjoys a certain amount 
of movement on its pedicle, bimding in 
this and that direction with a peciuiar 
jerking motion. The body contains an 
oval nucleus, and from one to three con- 
tractile spaces. It developos a ciliated 
einbiyo. The length of the body is from 
1-100'" to 1-20'", that of tlie stem not 
above 1-10'". 

Zoothnmnium affine, — The supposed 
Acineta of this animnlculo was found by 
Stein on marine Crustacea — the Gam- 
marm marinus and Spheeroma serrata, 
along with i\m Zoothaniniani. It appears 
identical with tlm Acineta taherosa (Khv.^, 
It is compressed, campanulate, or p^Ti- 
form, and has each external ant(jrior 
angle lobate and surmountcal by a group 
of tapeiing and radiant tentjKriila. An 
intormediate prominonce is also frequent, 
but no tentacles spring from it. The 
body is distinctly enclosed by a hyaline 
elastic capsule, which is extended down- 
wards into a tubular pedicle, and by a 
softer membrane immediately investing 
it. The latter becomes especially pro- 
nounced when, as frequently happens, it 
is thrown into transverse folds in its 
narrower or posterior half during the 
more forcible contractions of the body. 
Length from 1-03"' to 1-24"' j maximum 
of stem 1-18"'. 

Carchesium pyymceum. — Stein lat- 
terly refeiTcd to this sp(x;ms an Acineta^ 
common on Cyclops, and which he at 
first assigned to Epistylis diyiialis. The 
stem is very short, ofhm with difficulty 
perceptible, but never wanting. The 
body is gentirally pyrifonn and com- 
pressed j its anterior end is rounded or 
truncate, and sliglitly emargiiiatc, 'and 
supports at each of its angles a bundle 
of tentacles. Frequently the tentacula 
j are not thus grouped in two masses, but 
occupy tho whole anterior margin and 
the sides for a short distance — a circum- 
stance met with in smaller specimens 
which have a circular, oval, or reniform 
I figure. The nucleus is oval and small. 

I No movcnicnts in tho body are discerni- 
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ble^ and tlie len^theuiu^ and shortening 
of the tciitaeloa is vei*y slow. This 
Acineta developes a ciliated oinhrvo 
which resembles the Ilaltcria Grandi- 
nelhi (Duj.). Maximum length 
Common size, diameter 1-50"' to 1-40'". 

Acineta diademifonnis (xxui. 15-16). 
— Stein describes a peculiar Acineta 
found upon the roots of Ijcmna, under 
tlie name of the diadem-like Acineta. 
Its figure is compressed, disciform, 
transversely oval or renifonn; and it 
is supported on its somewhat contracted 
base Dv a short, thick, solid stalk, longi- 
tudinally striated, and often marked by 
a few transverse linos. Th(j stem is 
always so short that the body looks as 
if sessile. The latter is enveloped by 
a thick, stinctureless, smooth and hya- 
line external membrane, and by a second 
layer beneath, closely investing the ani- 
mal mass. On the free margin of the 
body, particularly in front, a number 
of comparatively thick but fine-pointed 
tentacles arc disposcid at slight distances 
from one another. These, wliich are not 
clearly capitate, consist of a delicate mem- 
brane enclosing a finely granular matter, 
and are prolongations from the special 
membrane of tin? body; consequently 
they have to perforate the outer enve- 
lope ; and 8teiri leans to the opinion that 
the latter is an excretion from the 
former. Usually the tentacular pro- 
cesses are very slowly retracted: how- 
ever, when the Acineta is much disturbed, 
the shortening takes place much more 
rapidly, and renders them tortuous. A 
long band-like nucleus lies across the 
centre ; and a number of transparent 
vesicles are disposed at equal intervals 
around the border, like a row of pearls 
around a diadem. At long intervals one 
or another of these sacs is seen to vanish, 
and after a time to reappear in the same 


place, like true contractile vesicles. No 
contractions of the body are observable ; 
it remains stift* and motionless. It pro- 
duces a large ciliated embryo, which 
lies transviTsoly across it in its special 
sac. Mjiximum breadth 1-14'"; height 
1-20'", of stem 1-100'". 

The stiff solid stem and the remarkable 
band-like nucleus indicate, says Stein, 
its derivation from some large species 
of mpistylis. It is the same organism as 
the Acineta Fernirn-equinum, according 
to Lachmann. 

A. dUfitata (xxiii. 21). — Under the 
name of the lingered or digitate Acineta , 
another variety of this (dass is charac- 
terized by Stein, who failed to detect 
the ciliated Infusorium to which, ac- 
cording to his hypothesis, it should owe 
its origin. It was found on some Ento- 
mostrnca, and had a steuih*ss, patella- 
shaped or transversely oval body, ad- 
herent either by the whole surface in 
apposition or by the central port ion only. 
Its upper side usually presented irregular 
d('pi^'ssions and small emimuices, and was 
very often divided into an anterior and 

1 )osterior half by an aimular constriction. 
A’om the entire upper surface?, or only 
from its anterior section when the central 
constriction is present, a number of di- 
vergent, very thick, finger-like tentacles 
spring, apparently witliout order and 
lion-retractile. No contractions of the 
body were witnessed ; but some change 
of outline is possible. A namiw, coiled 
nucleus is brought into view by acetic 
acid. The peculiar contractile vesicles 
are wanting ; but fi*om two to three un- 
changeable clear spaces of dilferent sizes 
exist. Along with these normal sp(?ci- 
mens, others occuiTcd having a smooth 
surface and no processes. Maximum 
width 1-60'"; height 1-58"'. 


Genus OPHRYODENDIION. — Noticed and named in Lachmann and 
Claparodo’s paper in the Ann. d. Sc. Nat. 1857. No description given. 

It is said to be a veiy singular animal, doubtfully referable to Acinetina, 
found parasitic on Campanularia from the Norwegian coast. One species is 
named. 


OmnYODENDnoN ahietinum. — Characters undescribed. 


GROUP III.— CILIATA (p. 199 and p. 266). 

The group of the ciliatiid Protozoa, according to the scheme adopted, arc 
resolved into two divisions: — 1, mouthloss (Astoma) ; and 2, those having 
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a mouth (Stomatoda). Of tho former wo have in the general liistory de- 
scribed two familcs, viz. Opalmaja and Pcridiiiiaca ; and wo shall first pro- 
ceed to give a systematic account of their several recognized members, and 
in so doing redistribute certain species and genera otherwise classed by 
Ehrenberg, — for instance, several OpalinoR described among the Bursarur. 
Again, in tho systems of Dujardin and Perty, several mouthless genera arc 
enumerated wliich must find their place in the first division of tho Ciliata, as 
adopted by us. Such are tlie Leiicophryina of Dujardin generally, together 
with a few Ploesconiens and Erviliens, and the Cobalina of Perty. The 
Peridiniaea of Ehrenberg, «again, include two genera, GJuntotyphla and Clice- 
toylena, which should rightly find a place among Phytozoa ; but, to avoid 
disturbing the classification employed, wc have retained them in the same 
family. 

Among the Stomatoda are described, not only the families enumerated by 
Ehrenberg (see p. 377), but also those constituted by Perty, Dujardin, and 
others, — the plac(i of their introduction being determined by the Elirenbcrgian 
group to which they appear to hold the greatest affinity. 

We commence tho systematic account of tho Stomatoda with the ill- defined 
and imperfectly observed family Cyclidina, and take tho other Ehrenbergian 
families in the order shown at p. 377. With the Vorticellina the Erceolarina 
of Dujardin and the Vaginifera of Perty arc conjoined, as w'cll as several 
genera newly instituted. The Ophrydina embrace additional genera ; and tlu^ 
genus Eiichelia, wdiiLst it is, on the one hand, deprived of the ver y heterogeneous 
organisms introduced into it by Ehrenberg, viz. Acthiophrys, Achuta, and Trl- 
cliodiscus, and which have already been treated as subfamilies of llhizopoda, 
it has, on the other,* appended to it tho families Tapinia, Apionidina, ami 
Holophrjina of Perty, besides several genera n.'imed by this naturalist and 
by Dujardin. The histoiy of Burstmna, Dccteiia, and Ciiietochilina (l^erty), 
is included in that of the Trachelina; and that of Paramocina (Duj.) and 
Aphthonia (Perty) in tho account of Kolpodea. The Oxy trichina embrace 
the Keronina (Kcroniens) of Dujardin ; lastly, the Euplotina comprehend the 
Ploesconiens and Erviliens of the same writer. 

Division A. — ^ASTOMA. 

FAMILY I.—OPALIN^A. (Part I. p. 267.) 

(XXII. 46, 47 ; XXVI. 28, 29.) 

Ciliated parasitic Protozoa, consisting of a more or less oval sac, which resem- 
ble in figure many Burmruc, and, although often presenting an anterior fold 
or fossa, have no mouth. They contain, besides the usual molewilar matters, 
a granular nucleus, and multiply by tninsverse fission. A globular contractile 
vesicle is absent in all ; but in 0, PJmuirkirxun and 0, umhmla (of Schiiltze) 
an elongated pulsating sac occurs, recalling in character the so-called dorsal 
vessel of various higher animals ; and in others, instead of a contractile vesicle, 
numerous irregularly- disposed saccular spaces occur. The nucleus is not ^s- 
coverable in 0 . liamtrum, whilst in 0 , hranchiarmn one of unusually large 
volume is found. OpaUnoi are probably larvce of various vermes, and not 
independent organisms. 

Genus OP ALIN A. — The characters the same as those of the subclass. It 
win be seen, in the following specific descriptions, that many of the Opalinai 
have been described by other systematic writers as members of genera of 
Stomatoda, such as Bursaria, Leucoplu'ys, and Puramcchim. Stein has de- 
voted much attention to the Oimlnicp ; and wt accept his determination of the 
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characters and distinctions of species, along with the names he has assigned 
them. 

The genus OpaVim was constituted by Purkinje, and has been generally 
accci)ted. Dujardin introduced Opalina into his family Lcucopliryina along 
with LeiuiopJirifs and JSpathIdiujn, and characterized that family as of a com- 
pressed-oval or oblong figui*e, clothed with closely-arranged cilia in regular 
series, and apparently destitute of a mouth. • 


Opalina Umiamm = Bursaria Rana- 
7mm (E.)* — mouth described by 
Ehrenberg in this species is merely a fold 
of the surface, as may be proved by add- 
ing a dilute solution of iodine, of alcohol, 
or of acetic acid, which will cause the 
animal to swell up and evenly distend 
the entire surface. Stein could find no 
nucleus. This species is common in the 
intestine and bladder of frogs. Forty 
makes it to include besides Bursaria 
Ranarum (E.), also B, Bntozoon^ B. 
Nucleus, and probably B. intestinal is. 

O. IHanariarmn (Siebold) = O. poly- 
■motpha (Scliiiltze). — The body has the 
form of a long cylindrical sac, pointed and 
wedge-shaped posttniorly, and expanded 
in front as a remarkable semicircular 
disc, by the central part of which it ad- 
heres to the surface of the intestine it 
occupies, the border being crowned with 
a wreath of long cilia. The actual point 
of attachment appears desliluto of cilia; 
but the posteriorsurfuce is thickly studded 
with shorter ones. The contents consist 
of a homogeneous molecular substance, 
with numerous interspersed hyaline 
spaces. A long pulsating vesicle (or, 
from its length, a vessel) and a nucleus 
are also seen within the interior. The 
pulsating vessel extends to the extreme 
point of the body behind, just beneath 
the integinent, but not in union with it, 
and tenninates on the anterior side of 
the semicircidar process in front. Its 
walls are structureless and transparent; 
and by its alternate contractions and ex- 
pansions it pushes forth tho contained 
water alternately from each end. The 
position of the nucleus in the interior is 
not constant ; it consists of a finely 
granular moss containing some larger 
granules, and is sharply defined. Fission 
13 transverse, tho nucleus and contractile 
vessel dividing consentaneously with the 
body, ytein could not discover the 
orifices at the end of the pulsating vessel 
described by Schultze. Maximum size 
1-3'" in length ; breadth 1-20"'; length 
of nucleus 1-25"'. 

O. Lumbrici (Stein). — Is represented 
by Lmcophrys striata and X. nodulata 
(Duj.), the latter being an altered form 


of the former, dependent on irregidar 
endosmosis of the water in which it is 
placed. Transverse fission occurs in all 
sizes, which vary from 1-00'" to 1-14'". 
Parasitic in oartli-worms {Lumhici), 

O. armata (Stein) = O. Liemhrici 
(Duj.). — Has an oval compressed figure 
like tho foregoing, from which it differs 
by having a strong, homy, uncinate pro- 
cess at tlie anterior extremity, on the 
under surface of the body, and, (ixtending 
from it, a fold of the siu’face. The other- 
wise homogeneous and finely granular 
nucleus is remarkable by exhibiting a 
greater or less number of solid oval 
nuclei and elongated rods. vSpecimens 
of this species are piKUiliar by their uni- 
fonnity of size, which somewhat exceeds 
that of tho hirgest O. Lumbrici, being 
from 1-12'" to 1-8'": hence Stein pre- 
sum(\s that (J. armata is nothing more 
than a further d(5veloped phase of O. 
Lumbrici, from which it differs only in 
size and in the presence of the prehensile 
apparatus. He surmises further that 
this and other Opalince may bo members 
in the chain of development of worms. 

O. Anodonfee (Stein) = Lvucoplirys 
Anodontcc(Fj.). — Mouthless, oval, turgid, 
transparent ; ciliated equally throughout. 
1-30'". Parasitic in Anodonta and My- 
Ulus edulis. 

O. branchiarum . — Is characterized by 
its very large nucleus, which equals in 
volume the half of the entire organism. 
Its contour is also similar ; and it might 
b(} taken for an imprisoned animal. 
Common in the ovisacs of Gammarus 
Pulex. 

O. lincata (Schultze). — Is without 
uncini, and has, like tho last, a very large 
nucleus. In Na'is littoralis (see Schultze’s 
work Beitriiye zur Natui'yeschichte d(ir 
Turhclkii'ien, Greifswald, 1851, p. 00). 

O. Ndidos (Huj.) (xxvi. 28, 20). — ^Is, 
like the prciceding, unfurnished with a 
prehensile apparatus. Figure oval, or 
very elongated and neany cylindrical, 
longitudinally and transversely striated : 
the fold extends from the anterior ex- 
ti-emity nearly to the middle. Numerous 
clear spaces in the interior, iiregnlarly 
distributed. 1-22'" to 1-11'". Pai'ositic 
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in Ndis (one of the Annelida) (xxi. 28, supposes this armature replaces the usuul 
29). fringe of cilia, in the animals after haviiij^ 

O. uncinata (Schultze). — Keaemhlcs attained a certain a^e or stag;e. In the 
O. Planariarum in general oi^anizaiion ; iiitt^rior of Planaria Ulm^ &c. 1-120". 

it has the same sort of pulsating vessel, O. (Perty). — Discoid, rounded 

and a similar nucleus ; it multiplies by in front, with a loop-like depression ; 
transverse fission, and dittera from all colourless. 1-386". Revolves on its 
other known Opalinoi by having a pair shorter axis. Parasitic in the intestine 
of strong, homy uncini at the anterior of Triton cristatus (the crested Water- 
extremity, one on each side of the median newt). Is very like (). Pmiaruin^ and 
line, giving it a bilateral character. Stein requires further examination. 

O. Nucleus = Bursaria Nucleus ; O. Entozoon = BursaHa Phitozoon ; O. intestinalis 
^Bursaria intestinalis. These three presumed spt^cies are nothing more than 
difterent phases of growth and development of Opalina {Bursaria, Ehr.) lianarinn. 
We have, however, retained the brief notes of their characters as Bursariee given 
by Ehrcnberg. 

FAMILY IT.— COBALINA (Forty). 

Animals parasitic ; either with or without a mouth ; most of them receive 
only the juic.es of other animals. Body mostly flattened, oval, elliptic, or 
reniform, wdth numerous rows of very delicate cilia, and often with an un- 
cinate variety on the under surface. An oral- looking depression or fold fur- 
nished wdth stronger cilia commonly perceptible ; but several have no such 
indication of a mouth. Only those living externally upon animals are capable 
of receiving solid nounshment. In intcnial functions and in form they pre- 
sent a general uniformity and agreement, and are 0 (pially peculiar ; they 
occupy a lower ])osition than free living forms similar to them ; their move- 
ments are simply automatic in character. 

a. With ro'ws of cilia above, ami Mncini beneath. 

Genus ALA8TOII. — The tj^pc of this genus is the Kerona Pobfporiim 
(Ehr.), and is called Alastor Polypornm. 

b. With delicate cilia both above and bencaili. Receive only the juices of 

other animals. 

Genus PLAGIOTOMA (Duj.) {yule Family TuACinoLiNA). 

Plagtotoma Lumbrici; Pl. (Jonchurum ; Pl. (?) ilifformis. 

Genus LEUCOPHRYS (Duj.) {vide ante, p. 570, Opalina Tjumbrid). 

Lkucopiuiys striata. 

Division B.— STOMATODA. 

FAMILY I.— CYCJJDINA. 

(X. 209-212). 

lUoncatcd Polygas trica devoid of oye-sj)ecks and of tme alimentary canid, 
and having but one alimentary a 2 )erture, furnished with cilia or bristles, the 
vaiious groupings and relations of Avhich aff'ord characters for the disenmina- 
tion of the genera ; gastric cells (vacuoles) have been observed in twf) S 2 )ccic 8 
of Cyclidium, Locomotion is effected by the vibratilc cilia and a filament 
proceeding from the anterior extremity. 

The genera are distributed as follows ; — 

r Body compressed — cilia urrniigcd in a single \ 


Body furnished with cilia j circle J 

1 Body round — cilia scattered all over Pantotrichuin. 

Body furnished with bristles CluetomonaB. 
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This family has no corresponding one in the system of Diijardin. Some of 
its members arc represented in tlic family of the Enchelina ns members of the 
genera Acoinia and EucheJf/s. The genus Cyclidium (Buj.) is included among 
the Monadina of that author (p. 497), and includes beings furnished with a 
hlamcnt, but destitute of mouth and cilia — characters not at all analogous to 
those given by Elircnberg to his genus of this name. 

Perty, moreover, lias not retained this family in his system, although he 
accepts the genus Ci/clidlmn, which he refers to a family called Tapinia/* 
wlicre it is associated with Acorn t a (Diij.), with Leucophrys (Ehr.) or Trichoda 
(Duj.), and Avith the following newly-instituted genera: \iz. Acropistlihim, 
Bcconidhimj Opisthiotricha, Siagonthecimn, and Migatrichay — a set of terms not 
recommending themselves bj'^ their euphony, and, we presume, not wanted in 
a tnic systematic distribution to express distinct and independent forms of 
ciliated Protozoa. However, to render our resume complete, these presumed 
new genera are appended to th(^ family of Eiichelia, to which sc^vcral of their 
species are referred by Ehrenbcrg. 

The family Cyclidina (Elu\) would, in all probability, disappear from a 
revised system of classification. Thus Cydidhuu appears to bo only an em- 
bryonic phase of other animalcailcs, and Pautotrlclntm and Cluvlomonas arc 
not sufficiently characterized and examined by Ehrenbcrg to enable us with 
certainty to recognize them, or to deterinine their affinit3\ Moreover, the 
beings brought together under these genera arc, some of them at least, very 
doubtfully referable to them, and have been so casually^ examined that their 
identification would be difficult. The ova and the polygastric organization 
mentioned in Ehrenberg’s account are matters only of hypothesis. 

(Icnus CYCLIDIUM. — Body compressed discoid, provided with a simple 
circular row of cilia. In C, (jlaucoma alimentary vacuoles are distinct. The 
mouth is a rounded opening, situated upon the under surface of the body, 
either close at the anterior extremity, or towards the (jcntro. The organs of 
locomotion consist, as in Kerona and Sfylonychut, of a number of cilia-like 
feet, situated on the margin of the abdomen. It has been thought that 
longitudinal lines, produced by rows of very delicate cilia, were i)r(»sciit ; if 
so, and an anal opening be discovered, C. Glamoma would rank with the 
0.vyfrichhia, Fission transverse. Since Ehrenbcrg wrote these observations, 
Lachmann has described not only a mouth, but also an anus on the ventral 
surface near the posterior extremity. This statement, taken in connexion 
with another, that some at least of the forms of Cyclidium are embryonic 
stages of other animalcules, leaves this genus in the greatest uncertainty both 
as to its independent existence and its systematic position. 

Cyclidium Vlaucnma (M.). — Oblong- verse self-division). They are repre- 
elliptic, abdorntm fringed with cilia ; sented as fed with i/idigo. Abundant 
delicate longitudinal stria) are observed in vegetable infusions in the spring, 
upon the biick. In swimming, it re- 1-2880" to 1-1160". 
senibles Oyrinus, or NoUnwetUy a well- Betwixt this species and Enchvlys 
known little black water-beetle (see nodnlosa (Dm.) there is a complete 
Microsciypic Cahinety pi. 4). Sometimes agreement. The body, on a transverse 
the movement is very quick j at other section, is triangidar j hence it is (says 
times the animalcules remain for awhile Perty) that Dujardin has described it as 
stationary, and then presently spring sometimes assuming a triangular form, 
with a curvetting motion to another Chlorophyll graniUos are occasionally 
spot. Formerly this species was con- seen intenially. Stein identifies the 
founded with Glaucoma seintillum, but embryo of Chilodon Cuculhdm with this 
is much smaller (x. 20i) is a side view, species of CycUdiunij which he would 
showing the cilia ; fig. 211 a dorsal view; therefore exclude from the category of 
and fig. 210 a s])ecimen undergoing trails- independent animalcules. Internally, this 
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excellent obsen’er also describes a con- Glaucoma). The Vhi. maryarlUwoum is 
tra(;tile vesicle and a discoid nucleus ; characterized as a short elliptical animal, 
the former is the clear space mistaken rather compressed and with its vibiatile 
by hihrenberf^ for a mouth. At the same liap on the posteiior half, colourless and 
time he considers an oral aperture most transparent. Movements quick ; rotii- 
probably exists somewhere near the tion on its axis rare. (Mlia very short, 
middle of the oraanism, since he has Fission transverse. 1-810" to 1-720". 
s(H.‘n the entrance of solid particles into Lachmann (^A. N, II. xix. 210) appears 
the interior. Perty makes C. Glaucoma to approve of the systematic position 
.sviionjmious also with Euchdys triquetni assigned by Perty to this bcdnjy. 

( Fhr.), and probably Avith the Pam- C. (?) planum. — Oblong-elliptic, 
mccium Milium and (jyclirlium Milium of smooth; cilia but little marked. 1-2040". 
Miiller. In his system it is a member of C. (.P) lentiforme. — Snuiller tlian C. 
tlie family Ttapima, where it is conjoined jilanum, and has no distinct stiiae or cilia, 
with some species of LcuciphrySy with 1-0180". 

Acomiit (Puj.), and several noAvly- C. Arhorum. — Small, suborbicular, 
created gemira. slightly exciscjd laterally; dorsum ru- 

O. Orbicular, ellip- gose; margin everywhere ciliated. Diam. 
tical; the posterior end slightly excised ; 1-192"'. Marginal (ulia used in the way 
the dorsal surface with distinct longi- of feet ; swims rapidly. Fis.sion trans- 
1 11(1 inal lines ; cilia not distinct. 1-1500" veme. On moss of Iri'cs. 

to I-IOOO". This animalcule is identified by Cohn 

This species is separated by Perty from (Siebold's ZciUch. 1851, p. 270) with the 
Glaucoma j and constitutes in his ayst(*ni embryo devehqied by Loxotlcs (Pamme- 
the representative of a genua he names cium) Bursaria. If this be the case, it 
Cinetochilumj which, Avith Glaueoma., must be rejc'cted from the list of imlt*- 
forms the family Cinctochilina {yUh peudmit species. 

Goniis PANTOTRICHUM. — Body turgid, coatimhI Avith moA^eablc cilia. In 
P. Enchelys gastric cells (vacuoles) arc (Hstinctly visible. Granules, green or 
yoUoAV, occupy the interior. Ehrenborg says, ‘‘ The absence of a double ali- 
mentary aperture is not yet proved; nor, on the other hand, is its existence.’’ 
Pantotnehum is not received by Perty as an independent genus, but is com- 
proliondod by him Avith LayeneUa and Cluctoylena, under the common appel- 
lation ChonemonaSy and jilaced among the Thccamonadina. 

pANTOTiiiCHUM Eucliclys . — Cyliiulii- ; OA^atc, spherical, of a green colour. In 
cal, oblong, roundtid at both (mds; hya- , brjickish wat(‘r. l-8()0". 
line at extremities and turbid, the centre- : P. Lagenelkt . — Ovate, the ends ccpially 

colour pale yi'lloAA\ x. 212 is a cluster roundi'd, anterior ciliated portion pro- 
of animalcules; those to the left are duced in the form of a neck or beak, 
more highly magniiitid than the others. ' Amongst Coiifervte. 1-1080" to 1-570". 
Tn sAAimming they revoh e and glide* j Schneider (A. N. 11. 1854, p. 320) d(v 
along in the dir(;ction of tlie longer axis ' scribes this species as forming around 
of Uk; body. In infusions of ruAv llesh. . itsidf a cyst, whiidi completely I'etains 
1-1150". I the llask-lik(; fonn of the body, when the 

P. volvox (Leucophrya xnndiHy M.). — j animalcule enters on a state of i*est. 

Genus CH^ilTOMONAS. — Motion slow, and leaping by means of the bristlo.s 
on the body, which are not Aubratile. Internal organization A’cry little knoAvn. 
They are parasites, living on the dead bodies of other Infusoria, and in infu- 
sions of flesh or other animal matters. A A’ibration is seen at the mouth ; ,but 
AA'hcthcr it is produced by a filament or by cilia, is uncertain. In C. con- 
stricta, transverse self-division is thought to Iuia c been seen. 

CiiJETOMONAS Globulus. — Aliiiost Tt^nnoy &c . ; also in the d(*ad fronds of 
spherical, of an ash-colour, furnished Closfcrium accrosinuy as shoAvn at x. 113. 
Avith sebe or biistlcs. It often has the 1-2880". 

figure of Monas GutfulUy but is laiger; G. constricta. — Transparent, oblong, 
sometimes two clust(*.r together. In slightly constricted at the middle, and 
bad-smelling infusions of animal m.atter having tA\n setfe or bristles. In d(‘ad 
along AAdlh Panfotrichuni Enchclysy Monas TTyilafina senta. 1-5700". 
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FAMILY II.— PERIDINI^A. (Part I. p. 271.) 

(PI. X. 214-226 ; XII. 47 ; XXXI. 16-23.) 

Infusoria without an alimentary canal, covered with a lorica, upon which cilia 
or setae are often arranged in the form of a zone or crown — hence the name. 
The lorica has only one opening. Three out of the four genera have a fila- 
ment besides the wreath of cilia around the middle of the body, or scattered 
cilia or bristles. In only Pe'i'idhihim Piilvisculus and P, cinctum have artificial 
means succeeded in demonstmting the admission of food, the intcnial organi- 
zation being greatly obs(jured by the mass of coloured opake granules, which 
Ehrenbcrg called ova. A nucleus and a red stigma (eye, Ehr.) are discover- 
able in some species. 

The genera are disposed as follows : — 

Lorica haring stiff bristles or short spines — no transverse 
furrowed zone 


no eye un®iotypiiia. 

eye present Chactoglcna. 


Lorica smooth or rougli — a ciliated transverse zone pre- 
sent 


no C3"C Poridinium. 

eye present Glenodinium. 


Some of the presumed species have been found only in a fossil state in flint. 

Dujardin constitutes a family Peridinions, agreeing in tlie main with that 
of Ehrenbcrg, and thus naiT’atcs its characters: “Animals without known 
internal organs ; enveloped in a regular, resistant, membranous lorica, which 
sends off a long flagelliform filament, and, in addition, has one or more furrows 
beset with vibratilo cilia.” 

The lorica would appear to have no opening ; for foreign bodies and colour- 
ing matter are not seen to enter it. Several have their lorica prolonged into 
hom-like processes ; and some exhibit a coloured point (eye-speck). They 
arc distinguished from Thccainonadina by the ciliated furrow or furrows. 

Dujardin obsciwcs that “ as the first two of Ehronberg’s genera arc with- 
out the furrow and vibratile cilia, and have only a filament as a locomotive 
organ, they are evidently akin to, and not separable from th(j Thecamonadina, 
unless spines or asperities of the lorica arc to be taken for cilia. Again, the 
so-called eye-speck is not a sufficient generic distinction between Peridmium 
and Glenodinium ; the former genus, moreover, should only include spherical 
animalcules, whilst those concave on one side, and exhibiting horns, will 
rightly form a distinct genus — CcraHiimP 

Perty coincides with Dujardin in detaching CTurtotypIda and Chcetoglena 
from the Peridiniaca, and in uniting them with Thecamonadina. Chcetoglena 
he merges with Pantotrichum and Lagenella in a genus which he names Chone- 
monas (p. 513). His Peridiniaca comprehend three genera, viz. Ceratium, 
Glenodinium^ and Peridinium\ the first characterized by a cellular lorica 
prolonged into horns ; the second by a cellular not-horned lorica ; and the 
third by a structureless lorica. A referenco to the figures of Chcetoglena and 
Chcetotyphla is sufficient to show that these two genera have no claim to be 
ranged with Peridinium : the former, in particular, indicates in its structure 
and general appearance a member of the Cryptomonadina ; and the latter, if 
not a member of the same order, is certainly not one of the PeridiniaDa, but 
probably the encysted state of some animalcule. The imperfect descriptions 
attached to these genera, and the absence of sufficiently distinctive features 
in their illustrations, renders their exact identification with similar known 
forms a matter of difficulty, if not of impossibility. Again, the special differ- 
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cntial character between Olenodinium and Peridinkmif viz. the existence of a 
red speck in the former, is worthless ; and were no other peculiarities discover- 
able, the two genera should be merged into one. However, the elongation of 
the lorica into hom-liko processes supplies a differential character suflSciont 
at least to constitute two genera out of their several members. Ehrenberg re- 
cognized this indication of a division, and adopted it for his eyeless Peridiniaia, 
making two sections : — 1, Peridinium proper ; and 2, Ceratiumy homed Peri- 
dhiia, Pei-ty, wo have seen, uses the same structural peculiarity as a generic 
character, but, in addition, makes a third genus, marked by the absence of 
sculpturing on its lorica. This basis we hold to bo insufficient for a generic 
distinction ; and the whole of the Peridiniaea proper appear to us reducible to 
the two genera Perklivvhim and Ceratium\ Glenodiniiim we would conse- 
(liicntly cancel. The rejection of Khrenberg’s ^^ow8 of internal organization, 
and of two of the four genera he classed as Peridiniaja, renders a revised 
description of this family necessary. In attempting this, we may state that 
the Pcridiniaca arc animalcules having an external, condensed, chitinous inte- 
gument forming a lorica, lined by a contractile membrane immediately invest- 
ing the organic contents. No actual oral opening is satisfactonly made out ; 
but in most species a deep fossa or fissure is found, from the bottom of which 
a llabcllum extends, mostly twice or more than twice the length of the body. 
Their figure is more or less globular or ovate ; and somcjtimcs the lorica is ex- 
tended into two or three long horn-like processes, giving the whole being a 
very bizan'c appearance. A deep fuiTow surrounds tlui body as a zone, and in 
some species a vertical i}rolongation of it extends to one i)olc. These furrows 
are riclily ciliated ; yet the cilia do not appcjir confined to them, as Ehrenberg 
supposed, but may, at least in one species, cover the entire surface. The 
interior is occupied by masses of usually strongly-coloured brownish yellow, or 
reddish or greenish brown, rendering the animalcules vciy opako. In some 
species an oval nucleus has been seen ; and its presence is presumable in all. 
A contractile vesicle has not yet been demonstrated. They multiply by 
transverse, and it may be also by longitudinal fission. P. iiberrhnum has been 
found in a quiescent condition ; and doubtless some mode of propagation exists ; 
Perty endeavours to prove it is by internal germs. The zone -like ciliary 
furrow may be adduced as the leading characteristic. 


Genus CILETOTYPHLA. — Lorica silicious, hispid or spinous, destitute of 
a transverse furrow or zone, and of stigma ; surface covered with little spines 
and bristles, which appear stronger at the posterior portion of the body. The 
lori(ja may be crushed by pressure, and the little creature within it be set at 
liberty. In swimming it revolves upon the longitudinal axis, probably by 
means of a delicate filiform proboscis, or of cilia at its mouth ; nd such organs, 
however, have been seen. Of the internal organization, nothing positive is 
known. One species htis been discovci’ed in flint, and so closely resembles 
Xanthidiumy that it is often mistaken for it. 


Cti.®totyphla armata, — Ellipsoidal, 
brown, ends rounded; covered posteri- 
orly with short spines, whore there is a 
circlet of black spots, as shown in the 
end view, x. 216. The anterior cilia, or 
fine bristles, are sometimes very indi- 
stinct ; X. 214 is a variety in which they 
are strongly marked. In clear water, 
amongst ConferviB. 1-020". 


C. aspet'a, — Brown, oblong, rounded at 
both ends, and rough, ^vith snort bristles ; 
the little spines are scattered without 
order at the posterior end. Found with 
the preceding. 1-670". 

C. (?) Pyrites, — Oblong cylindrical, 
rounded at both ends, and provided with 
ddicate elongated bristles, but no spines. 
Fossil in flint, near Delitzsch. 1-1160”. 


Genus CH.®TOGLENA. — Lorica silicious, destitute of a transverse zone 
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or furrow, but striped or covered with spines or stiff hairs, and hi^ving an 
eye-speck. The organ of locomotion is a simple flabellum. The' interior 
contains scattered transparent vesicles, and a brownish-gwien granular mass ; 
a large bright sj)ot or nucleus is also visible. Self-division not observed. 

CH2ETOGLENA rolcocina, — Ovate, with vm at Hampstead and Hackney. 1-1160". 
brownish-gi’een granules, and a red eye ; C. cmidata* — Hispid, ovate, with a 
between the lorica and tins soft body a short tail ; granules green ; ocellus clear 
beautiful red ring is visible in live spe- red ; oral margin urceolato and dentate, 
cimens (x. 21(}, 5^18). Amongst Confer- 1-8G4". Berlin. 

Genus PEllIDINIUM. — Lorica membranous, with a transverse ciliated 
zone ; no eye. The locomotive organs are a filament and the zone of cilia. 
In P. Piilvisculus and P. cinctumy indigo and carmine are received, and de- 
monstrate the formation of vacuoles, which in P. acuminatum, P. fulvum, 
and P. comutum are visible without having recourse to coloured food. The 
oral aperture is found in a hollow near the centre, as in Bursaria. The 
granules are generally of a brown or yellowish -brown colour, though some- 
times green or even almost colourless. In P. Tripos and P. Fu-sus an 
oval nucleus is visible. Self-division is longitudinal in P. Pulvisculus and 
P. fuscum ; and, according to some obscivers, transverse in P. Fimis and 
P. Tripos, 

The structural peculiarities aro sufficiently doscilbed in the chapter on 
Peridinima (p. 271). The existence of a mouth and the entrance of food are 
still matters of doubt. A nucleus is probably present in all ; and the same 
may be said of the flabellum, which subsequent observers have distinctly 
found in cases where it eluded the observation of Ehreiiberg. Fossil Peri- 
dinia,*’ says Perty, “ are not found in recent geological formations, but only 
in the chalk beds of the secondary" strata, in which they occur with Xan- 
thidia (Ehr.) and Pyxidiculm?^ 

a. PeAdinia without horns, — Peiudinium. 

Vimun^iV'SLcinctum (Vorticell^icmcta, young stage of P. {Ceratiim}) cornntum. 
M.). — Nearly globular, or slightly throe- P,Planulmn (V^viy). — Hounded, broad, 

lobed and smooth, with a zone of cilia; rather compressed; the two segments 
not luminous. It swims slowly, with a equal. Colour brown, usiuilly a deep tint, 
vacilbating and rolling motion. Amongst Under surface ratlnu* concave. 1-720" to 
Conferv’ic. 1-670." 1-430". Its brown contents contract 

Instead ofthe red zone noted by Ehrcn- after death into a central lump. A red 
berg, thert! may be only a single speck, speck is often scam in the posterior por- 
or even it may be absent. tion. It is distinguished from (ilcnodi- 

P. Puhisciilus. — Small, of a brown or nkim vinvtum by its greater width and 
greenish-3'ellow colour, and not lumi- deeper colour. 

nous ; almost spherical, or slightly three- P. Cotpusculum (I^erty). — Small ; seg- 
lobed ; a fine filament 2J- lines longer ments very unequal, posterior one very 
than the body may be observed ; numc- short and cleft. Granular contents 
rous vacuoles produced by feeding on in- brownish-yellow, or red or gi’een. An 
digo. Amongst Conferv^ae, with Chlarny- alteration " in figure has been seem to 
doinonas Ptdvisculm, 1-2300" to 1-1160". ensue after death. 1-1120". Amongst 
Perty has met with specimens having Marchwitia jwlymorpha. 
a red ^eck. P. monadicuni (I^erty). — Very small ; 

P. fuscum . — Is not luminous; oval, segments unequal, the posterior one 
slighfly compressed and pointed ante- much smaller; with red stigma in the 
riorly. 1-4.30" to 1-280". lino of constriction, more seldom in the 

P. Monas . — ^Very small, obtuse, with- hinder half. Molecules pale green. It 
out horns; remarkably social. I)iam. is the smallest known example in this 
1-1728". In the Baltic. family., 1-1160". In a pond on Mount 

Perty sugg<;sts that this is merely a St. Gothard and at Bern. 
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V. uben'tmum (Allman). Nearly sphe- 
rical; colour reddish-brown; nucleus 
well-defined, central. A secondary fur- 
row springs vertically from the annular 
one, and terminates at the pole. A 
stigma lisually present at the polar ex- 
tremity of the vertical fuiTOw. Swims 


actively by the aid of its flabellum, and 
of cilia generally disposed on the surface, 
and not confined to the furrows as Ehr- 
enberg represents. Occurs in a quies- 
cent state. l-KXX)" to 1-500". Ponds, 
Phoenix Park, Dublin. 


b. Peridinia with harm* — Subgenus Ceratium. 


P. (CkratiUH) (?) pyraphorum . — 
Ovate, spherical, with two little elevated 
points at its anterior extremity. It is 
very delicatidy areolate and granular. 
Fossil in the flints of the chalk forma- 
tion at Berlin. 1-570'' to 1-480". 

P. (Ceuatium) Dditieme, — Ovate, 
spherical; with a little stiff point near 
tlie middle laterally. Fossil in the flints 
of Delitzsch. 1-480'' to 1-280". These 
two supposed fossil Pevulinia and the 
(Ui(dutyphht (?) pyritcB appear rather to 
be sporoiigia of Algne. 

P. (CKiiATiUM)</ce«m/w«^?<»w. — Brown- 
isl»-yoll()w; ovate, splicrical, slightly 
throe-lobed, and having a little pro- 
cess at the posterior end. ^^1 observed 
this species,’’ says Ehrenberg, in phos- 
plior(*s(!ent sea-Avater from Kiel, and it is 
verj^ probable that the light proceeded 
from this animalcule. It is the smallest 
phosphorescent sea animalcule that is 
known.” 1-000" to 1-570". 

P. (Ceratium) cornutum (Jhirsaria 
llimvdhiclkiy M. ; (Jeratmin IlirimdinellOy 
Duj. and Perty). — Greenish ; not lumi- 
nous; rhomboidal and rough, Avith one, 
two, or three straight horn-like processes 
in front, and a single one (often curved) 
posteriorly. 1-280" to 1-140". 

Perty asserts^ that Ehrenbcrg has re- 
versed this animalcule in his account 
and illustrations, as he has likewise done 
in other species of this genus ; for it is 
the single horn Avhich advances fore- 
most, and indicates the anterior extre- 
mity. The same author, moreover, 
states that in the majority of speci- 
mens one or more red specks are to be 
found, generally in the posterior half, 
near the middle line between the large 
and small horns. 

P . (Cehatium) Tripos ( Cercaria Tripos, 
M.). — Yellow, brilliantly phosphores- 
cent; urceolate, broadly concave, smooth, 
and three-homed ; the two frontal horns 
veiy long and recurved ; the third, or pos- 
tenor one, straight. Ehrenberg says, 

The power of this creature to evolve 
light is placed beyond all doubt, as I took 
im nine phosphorescent drops, one after 
the other,^ from the water, and I saw in 
each nothing else besides a single animal- 


cule of this species.” It is rigid, and swims 
with a vacillating rolling motion upon 
the longitudinal axis. The length of the 
horns is not constant, sometimes being 
scarcely so long as the body, at other 
times much longer, x. 219, 220, repre- 
sent an under and side view. In the sea, 
near Copenhagen and Kiel. 1 -140" ; with- 
out the horns, l-4tl0". 

P. (Ckiiatittm) Michaelis. — Colour 
yelloAv ; intensely phosphorescent. Lo- 
rica ovate and smooth, with three short, 
straight horns, as shoAAm in fig. 221. A 
flagellum is not visible. In phosphores- 
cent sea- water. 1-570". Named after 
Dr. Michaelis, its discoverer. 

P. (Ceratittm) Fums (x. 222, 223).— 
Yellow, intensely phosphorescent; ovate, 
oblong, and smootli. The tAvo horns are 
straight and extended in opposite direc- 
tions, producing a fusiform figure. Ehr- 
eiiberg^ states that he has seen the cilia 
of the fuiTowcd zone, and the single fila- 
ment when at rest ; also an opeming or 
mouth in the lorica, near the insertion 
of the filament. With horns, 1-120" to 
1-90". 

P. (Ceratium) Furca, — ^Yellow, very 
phosphorescent ; urceolate, with three 
horns ; two in front short, in the form of 
a fork; one behind longer. In phos- 
phorescent Avater, at Kiel. 1-120". 

P. (Cehatium) dirergens. — Yellow; 
cordate-ovate, smooth ; with two diver- 
gent frontal acute spines, dentate at the 
base ; posterior portion attenuated, look- 
ing as if shortly homed. Diam. 1-576". 
Ill the Baltic. 

P. (Cehatium) macroceros, — Yellow; 
habit of P. Tripos, but more slender, and 
with longer horns, which are four times 
the length of the body. 1-216". In 
the Baltic. 

P. Yellow, with the habit 

of P. fiavum, P. divergens, and of P. Mi~ 
chaelts', surface granular, with three acute 
frontal horns, and its posterior portion 
attenuate. 1-576". In the Baltic. 

P. (Cehatium) macroceros (Schrank) 
or C. longicome (Perty) is mentioned by 
Perty, and does not appear (]juite equiva- 
lent to C. macroceros, to which its name 
is too much alike. It is the largest of 

2 p 
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all the PeridiiiisBa, and (says Perty) not 
a variety of P. cornutimiy as Ehrenberg 
thought: the lorica is ratlier concave 
below, and less bent than in that species. | 
Empty loricsQ are clearly weolate, ^d 
the areohe round. A red, stigma is often 
seen in the posterior half. The anterior 
supports a single horn, and there are 
three behind. 1-120" to 1-90." 

P. arcticfum (Elir.) resembles 1\ ma- 
croceros, but is 8ti*onger, and has its 
large horns all curved and three or four 
times longer than the body; surioce 
rough, with little raised punctaor spines. 

J -length of body, 1-48'", of entire Deing 
1-18'". It is pliospliorescent, and found 
at Kingston flay, Newfoundland, with 
P. Furca, P, TriilenSy and P. divetujens, 

P. lonrfipes (Bailey). — Body triangular, 
rough; angles produced into very long 
ciliated processes, of which the two 
Irontal ones are longest. Body crossed 
obliq^uely by a ciliated groove (xxxi. 20). 
St. George’s Bank, New York. 


P. (hpressmn (Bailey). — Lorica ob- 
liquely depressed, with* one lai*ge conical 
I posterior process, and two smaller conical 
! frontal processes; the latter separated 
by a deep notch. Surface granular and 
reticulated. Both tliis and the preceding 
species, which were found together, were 
doubtleas furnished 'with a proboscis 
whon living, and, like other marine 
species of this genus, were probably 
phosphorescent. Tlie form of i . depress 
sum IS closely analogous to the embryo 
of NeiHJis, whose curious changes were 
studied by Lo\ dn (and referred to in 
Prof. Owen’s Leiitures on the Inverte- 
j brata, cd. 1843, p. 147). This account of 
Nereis, and particularly the comparison 
of Prof. Owen’s figure with the Peridi^ 

' mum depressum (xxxi. 21, 22), led l)r. 
Bailey to suspect that at least a portion 
of the forms now iiudiided in the genus 
Peridiiiium might be iinperfectly-deve- 
lopeil or embryonic -iVnnelida. 


Genus GLENODINIUM. — Peridinia with motile cilia placed in a trans- 
verse fun'ow or zone, and iirovidcd with on eye. The organization is much 
the same, in other respects, as that of the preceding genus. In G, cincUim a 
flabellum is seen to emanate from the middle, and to vibrate like the wreath 
of cilia. It is also probably present in the other species, though hitherto 
unobserved. The lorica is combustible. V'acuoles and line granules are 
visible in all the species ; the former are very distinct in G. apiculatum. The 
red speck is in the form of an elongated or horseshoe-shaped spot, and 
constitutes the essential character of the genus. Loiigitudimil self-division 
has been observed only in O. cinctum. 

Although this genus is rejc<jted by Bujardin as indistinguishable from 
Pendinium, yet Perty retains it, making its point of separation from the 
latter genus — which, by the way, he prefers to call Ceratinm — consist in the 
absence of horns to the lorica. The red speck he ignores, equally 'with Du- 
jardin, as a distinctive character. In this way Forty’s Glenodinium-Peri- 
flinium, without horns, of Ehr. 


Glknodinium cinctum = Peridinhim 
oculatum (Ihij.). — Oval, or nearly sphe- 
rical ; smooth ; stigma large, semi-luiiar, 
and transverse. In fresh water, amongst 
Oscillatoriffi. 1-670". It is seen both 
wdth and without a red speck. 

G. tfjibuliitum. — Oval; yellowish-green; 
lorica granular and reticulate with ele- 
vated lines, but not spinous; tiiincate 
and denticulate posteriorly, and biden- 
tate anttiriorly. 1-670" to 1-430". 

** The colour,” says Perty, “ is mostly 
brown, especially in mature specimens, 
and more rarely brownish-green or green. 
A red stigma is but rarely present.” 


0.(Peridinimn\Al2ntmm (Perty). — ^The 
sculpturing of tne surface is indistinct; 
and very frequently there are, alternately, 
coloured masses of granules and hyaline 
spaces around the Dorder of the lorica, 
producing a notched appearance. 1-430". 
It is probably only an Alpine variety of 
G. t-abulaiumy in which the lorica has not 
attained its perfect structure. On Mount 
St. Gothoi'd, and in Lake 1-iUgano. 

G. apiciilatum, — Oval ; yellowish- 
^een; lorica smooth, hut with hispid 
furrows on the margin, as shown in 
X. 226. The stigma is oblong, and ex- 
tremities obtuse. Amongst Confer\'a>. 
1-670" to 1-430". 
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FAMILY III.— VORTICELLINA. (Part I., p. 277 et seq.) 

(Plates XXVII., XXIX., XXX.) 

Polygtistrica with an alimentary canal, the extremities of which are distinct, 
though they approximate in consequence of its curvature (Anopisthia). They 
have no lorica. A few are solitary ; but the majority are congregated on 
pedicles, which often assume elegant ramose forms, like little trees, an ani- 
malcule surmounting and terminating each branch or pedicle. These arbo- 
rescent clusters are the result of imperfect self- division. 

The animal organization of this firmily is very distinct. The entire sur- 
face of Stentor is covered with vibratile cilia ; but in other genera they are 
mostly disposed in the form of a wreath around the head. In some genera, 
as in Vorticella, Carcliesium, and Opercularta, longitudinal and transverse 
muscles are seen ; the mouth and discharging opening, both lying in the 
same latcnil cavity, have been demonstrated in all. Self-division takes 
place in all the genera, but is least frequently obser\’ed in Zoothamnlum : 
whim it is imperfect, not affecting the pedicle, it gives rise to brandling 
forms, (lemmation is also frixpient in most genera. From their great irrita- 
bility when apjjroached, may be presumed the existence of a system of sensa- 
tion. Colouring matter is received by all the species ; eye-specks arc wanting. 

I'liis family affords (in form indeed rather than in structural homologies) a 
connecting link between the Ciliata (Polygastrica) and llotatoria. 

The following cuiious particulars arc appended by Ehrcnbcrg, who re- 
garded them as indicative of an act of transformation : — 

The Vorticella devclojjcs a pedicle ; divides (casts its exuvia) ; dcvelopes 
posterior cilia ; loosens itself from the pedicle, rambles about ; draws in 
(after shedding a second exuvia) the posterior cilia, sheds them, and firmly 
attaches itself, preparatory to putting forth iinother stalk. This cycle of 
phenomena is repeated again and again, and possesses high physiological 
interest ; it is a returning circle of transformations — a rotura to an early 
condition, similar to that of a butterfly, if it suddenly lost its wings and an- 
tennoD, and again became a caterpillar, in order once more to return to tho 
state of pupa and butterfly — or to that of an old man becoming a child, in 
order to run again his coui'sc of life anew.” (See Part I. p. 277 et seq,, and 
p. 586.) 

The Yorticellina live for the most part in sweet water, fresh or marine, 
attached to x)lants or shells, to Cnistacea, to the larvae of insects, &c. There 
arc, however, a few Vorticellce and Scyphidece produced in infusions, and even 
in fetid ones. 

This account of the organization of Vorticellina from Ehronberg requires 
considerable alterations and corrections from the present state of our know- 
ledge of these beings. In Part I. (p. 277), their organization has been largely 
considered ; yet a few notes hero may not be misplaced Any definition of tho 
characters of the group of genera comprehended in this family by Ehrenberg 
would be unsatisfactory, inasmuch as some forms are included which have 
no sufficient affinity. Ehrenberg represents the Vorticellina as having -a 
j)olygastric alimentary canal so curved that its two ends are conterminous. 
Now the supposed stomachs, as displayed by using coloured food, wore merely 
vacuoles ; and no continuous alimentary canal penetrates the interior, as sup- 
posed, but only a digestive tube or oesophagus of variable length, terminating 
abruptly in the interior by an open mouth. The ciliary apparatus of the true 
Vorticellina is more complex than appeared to Ehrenberg, — the head of the 
animalcules being terminated by a peristom or free edge, oftentimes thickened 
and everted, beyond which a ciliated disc supported on a very retractile and 
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highly sensitive pedicle oan be protruded. The portion of the ciliary spiral 
outside the vestibulum is not of equal length in all Vorticellina : in many, 
e. g, Vorticella, Qarchesium, Zoothamnium, Scgphidia, Trichodina, some species 
of Epistylis, ic., it describes scarcely more than one circuit round the disc, 
whilst in Operculuria articulata and Bpistylis Jlavicans it runs round the disc 
three times ; in other species intermediate len^lis occur. The ciliary wreath, 
moreover, consists of a double row of cilia : those of the outer one are usually 
somewhat shorter than those of the inner, and though inserted upon the 
margin nearly in the same line as the otheis, yet they are set at a different 
angle, and apparently far more strongly bent outwards. In the vestibulum 
and oesophagus the ciUa appear to stand in a single row. The peristom usually 
bears no cilia. There is no sufficient proof of the existence of muscles of the 
same type as those of the higher classes of animals. The contractile vesicle 
is single and circular ; the nucleus sometimes oval, but often elongated and 
band-hke. Besides fission and gemmation, true propagation by living germs 
or embryos, developed in the course of more or less complete transformations, 
affords an additional means of perpetuating and extending the several species. 

The genera are distributed as follows : — 


Body without stalk 


[ Tail absent 


Body covered with cilia Stentor. 

Body smooth, cilia anterior Trichodina. 


Tail present 


.Urocentrum. 


Body stalked — often 
branched like a tree 


( 


Form of stalked 
bodies similar 


Stalk flexible, 
deflection spiral 


Simple Vorticella. 

Branched Carchesium. 




( Stalk inflexible 


.Epistylis. 


Bodies of dif- 
ferent form . . . 


Stalk inflexible Opercularia. 

Stalk flexible, deflection spiral... Zoothamnium. 


Of the several genera named and distinguished by Ehrcnbcrg, two only 
are accepted by Dujardin, viz. Epistylis, with a rigid pedide, and Vorticella, 
with a contractile stalk, simple or branched. He places Carchesium with the 
latter, maintaining that a generic character is not to be found in the simple 
or branched condition of the stalk alone, when the bodies are similar. More- 
over, he failed to meet with animalcules having the characters assigned to the 
genera Opercidama and Zoothamnmmi by Ehrcnberg. A third genus, under 
the name of ^cyphidia, is established by him for the sessile species ; whilst 
a fourth, Vaginicola, comprises aU those species invested with a membranous 
sheath, and corresponds, in its constituent species, to the family Ophrydina 
(Ehr.) after the exclusion of Ophrydlum, 

FeHj makes a different distribution of the Vorticellina to that proposed' 
by Ehrenberg. Like Dujardin, he rejects the genera Stentor and Urocentrum, 
and transfers them to a family Urceolarina. On the other hand, he adds 
Scyphidia of Dujardin to the true Vorticellina, and makes no mention of 
Carchesium. Lachmann is another writer who rejects Urocentrum from the 
Vorticellina. Stein points out various defects in Ehrenberg’s grouping of 
Vorticellina ; and whilst he would, on the one hand, detach from it Stentor, 
Trichodina, and Urocentrum, he would, on the other, associate with it the 
several sheathed genera which form the family Ophrydina, viz. Ophrydium, 
Vaginicola, Tintinnus, and Cothumia. Apart from these changes in the distri- 
bution of admitted genera, he adds two new ones, Lagenophrys and Spirochona, 
remarking of the former, that, in its free condition, it constitutes a transi- 
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tional form between the radiated type of Vorticellina and the bilateral one of 
Oxytrichina and Euplotina. Lastly, Lachmann states that Tricliodina and 
Urocentrum are not Vorticellina, and makes Stentor representative of a 
new family, which ho calls Stentorinae. In this proposed new family ho 
includes besides Stentor, a new genus {GJioetospirci)^ Spirostomum, and a 
fourth genus which ho has merely referred to without naming or de- 
scribing it. In the above plans of classiheation there is this in common, 
that the genera /Stentor, IVichodhia, and Uroeentnim are excluded from 
among the Vorticellina, an exclusion warranted by their difference of organ- 
ization and general characters. At the same time we are of opinion that 
the association of the Ophrydina with the Vorticellina is not correct in a 
systematic point of view, the existence of external sheaths being a weU- 
marked and sufficiently distinctive character, although the homology in organ- 
ization is otherwise, in cveiy essential point, very close and striking. Pro- 
bably Tricliodina and Urocentrum should constitute an allied family or a 
sub-family of Vorticellina ; Stentor th(i type of a second family ; whilst the 
remainder of Ehrenberg’s group, viz. Vorticellu, Carchesium, Episti/lis, Oper~ 
cularia, and Zootliamniumy might bo called the true Vorticellina. The new 
genus Spirocliona, again, stands apart by so many peculiarities that it cannot 
be included within either of the groups proposed, and must be regarded as 
the (at present) solitary typo of a new family, having the internal organization 
of Vorticellina, but destitute of their peculiar ciliated head. In framing his 
generic and specific distinctions, Ehrenberg made use of characters of no real 
value, — such, for instance, as the occurrence of similar and dissimilar bodies 
(zooids) on branching stems otherwise ahlce, the height of the stem, the thick- 
ness of its branches, and the dimensions of the attached animalcules. 

The family Urceolarina (Duj.) is thus characterized: — Animals variable 
in form, changing from a trumpet- or a hemispherical to a globular form ; 
ciliated throughout, with a fringe of much stronger cilia along the upper and 
anterior margin of the body, continued as a spiral coil into the oral cavity, 
Avhich is on the same border. They present the ordinary swimming move- 
ment, and can for a short time arrest their progress by fixing themselves by 
theii* posterior extremity to cxtenial objects.’’ “This family,” obseiwes 
Dujardin, “ connects the Voriicellina with the Biirsarina, and includes the 
genera Stentor, Urceolai'ia {Tricliodina, Ehr.), Oplirydium, and Urocentrum.^^ 
The last-named genus is treated as very doubtful. As already seen, Perty 
adopts this family Urceolarina, but moffifies it by rejecting Ophrydium, and 
adding Spirostomum. 

Genus STENTOR (XXVITI. 16, 17 ; XXIX. 8).— Animal without pedicle, 
free, or attached by the posterior extremity of the body, which is conical, 
although it admits of very considerable modifications of form ; it is entirely 
covered with cilia ; a wreath of larger ones surmounts the head. Ehrenberg 
considered the longitudinal stria) along the body, and the circular ones at the 
anterior part, muscular fibres. The anterior ciliary wreath is coiled in a 
spiral manner about the head ; in some species a row of longer cilia extei\ds 
from the mouth, in a fringe-like manner, to the middle of the body. The 
Stentors increase by self-division, which is cither longitudinal or oblique. 
The nucleus is band-like, moniliform, or round. The contractile vesicle is 
largo, round, and placed on a level with the ciliary wreath, close to the 
oesophagus ; it gives off, above, an annular branch, which surrounds the head 
of the animalcule just beneath the fringe of cilia, and below, a straight 
branch extending to the posterior extremity of the animalcule (XXIX. 7). 
The anus may often be perceived for a considerable time both before and 
after the discharge of matters. It is situated on the back, close beneath the 
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ciliary circle. The Stentors are among the largest of the Infusoria, and all 
the species are visible to the unassisted sight. They are best examined 
between the plates of a large live-box, a portion of the decayed stem or leaf 
on which they are found being put in with them. 

“ It is,*’ says M. Dujardin, “ in the Stentors where we can view the several 
supposed internal organs isolatoly, that new observations will make known 
their real nature.” 

They are exclusively found in fresh standing water, or between plants 
where the water is still. Some of them are colourless, others green, black, 
or clear blue. 

This genus gives name to the family Stentorina proposed by Lachmann 
and others, and, in the classification of Dujardin and Perty, is a member of 
the family Urccolarina (p. 581). 


STEXTon J^rulleri (xxviii. 16, 17). — 
This is the “ white funnel-like polpye ” 
discovered by Trembley ; it is large, the 
crown or wreath of cilia inteiTupted, and 
the lateral crest or fringe indistinct; 
when outstretched it is trumpet-shaped, 
but in its contracted state is ocoid; and 
during division, or when tlie water 
around it evaporates, a miico -gelatinous 
mass is thrown out as an external cover- 
ing. When several are swimining in a 
glass vessel, they will gradually congi’e- 
gate, and select some particular spot, 
and then attach themselves, evincing, as 
Ehi’enberg imagined, not only a degree of 
sociality, hut of mental activity. These 
animalcules receive coloured food very 
readily ; nucleus moiiiliform. Upon 
Lemnee and other water-plants, even 
under ice. Size, stretched out, 1-20"; 
contmeted, 1-120". 

Ehrtjnberg rofeiTed to the exudation of 
a mucilaginous coat as the prelude to the 
death of the Stentor ; but, sis Clohn has 
shown (Ztiischr, Band iii. p. 2(K1), it 
takes place in perfectly healthy and live- 
ly animals, and is an instance of the 
widely-peiTadiiig proctjss of encysting. 
This observer, indeed, tells us that, when 
the conditions of existence become un- 
favourable, animalcules previously at- 
tached by their tapering posterior ex- 
tremily, as by a sucktjr resembling that 
of a leech, free themselves from their 
capsular envelope and swim away, dis- 
playing then a brush of cilia at tlie end 
of the tail. The notion of a sentiment 
of sociality and of mental activity, sur- 
mised by the Berlin microscopist, de- 
mands the exercise of a powerful imagi- 
nation to realize it. Dr. Wright most 
kindly notices, in a letter to us, that 
Stentor MiiUen always secretes a gela- 
tinous case into which it can retract. 
As the zooids divide they form a gela- 
tinous mass, which is attached to weeds 


and often to the surface of the water, 
from which 10 or 15 Stentors aggregated 
together may sometimes bo seen hanging 
with their heads downwaixls. The ex- 
ternal gelatinous sheath in Stentor and 
other Vorticelliua and Ophrydina, Dr. 
W^right proposes to call the ‘^colleto- 
derm,” as the homologue of the gela- 
tinous matter coveiiiig the polypidoms 
of the 1 lydroidio. 

8. Rftiselii (x. 2.‘{4). — In form, 

size, and crest, tliis species resimibles tlie 
preceding, but is of a more distinct 
yellowisli-whito colour. The nucleus is 
long, ribbon-shaped, and not monilifonn ; 
the contractile vesiclo (seen at *) circular. 
Common in sumnn^r ; upon decaying 
plants, &c., in standing water. 1-liO" ; 
extended, 1-24" 

The moiiiliform intestine represented 
by Khrenberg was veny probably tlio (rliain 
of vesicular dilatations of the presumed 
vascular system connected \vith the con- 
tractile vesicle, and which is largely de- 
veloped in the Stentors, on one side of 
the body, as a canal extending from a 
circular sinus around the head. Dujardin 
regarded this species as simply a variety 
of S. Miilleri ; and there is no apprecia- 
ble character truly distinctive between 
them. 

S. ctendefus (xxix. 8) resembles, exte- 
riorly, the two preceding species ; but its 
granules arc blue, nucleus articulated and 
chain-like (monilifonn). It is trumpet- 
shaped when extended, ovoid wlien con- 
tracted; white or semi-transparent, ex- 
cept when coloured by food. The lateral 
cn^st and frontal wreath are continuous. 
When kept in glass vessels, they often 
fix themselves to the sides in clusters. 
They are best examined wlien placed in 
a lai’ge live-box ; a magnifying power 
of 100 diameters is sufficient. Amongst 
Vaucheriae. 1-480". 

Except its much smaller size, there 
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seems nothing to sufficiently distinguish 
it from the preceding spj^cies; for the 
bluish hue of the granules cannot be 
admitted as a characteristic. Even the 
difference in dimension is no satisfactory 
indication of a distinct species ; for the 
smaller animalcule may be but a younger 
specimen of the larger. 

S. polymorphm (xxix. 7) resembles 
the preceding in fomi. Granules of a 
beautifid green colour; nuchuis articu- 
lated and chain-like; lateral crest in- 
distinct; fron1;al wreath of cilia inter- 
rupted. This species will not r<^ceive 
indigo readily. Transverse self-division 
observed. Upon stones, decayed sticks, 
and leaves, in standing water. 1-120" to 
1-24". 

Lachmann {A. N, H, 1857, xix. p. 
226) seems to intimate that this species 
is equivalent to S. MWllt'ri and S. RwseliL 
Both in this species and in S. cepruhms 
Eckhard has described rtiprodiiction by 
internal gemis or liinbrvos. Between the 
cilia, disposed in spiral series, single long 
hairs, similar to those of many Tiirbel- 
laina, are found, according to the testi- 
mony of Lachmann. 


S. iyneus. — Less than the preceding; 
granules yellowish-green ; surface briglit 
yellow or vermilion ; nucleus spherical ; 
lateral crest absent ; frontal wreath of 
cilia interrupted. Found by p]hrenberg 
upon the water-violet (Hottonia palus- 
tris). 1-72". 

S. mf/er(Vorticellamyra, M.). — Small, 
of a dark brownish-yellow or blackish 
colour ; ^*anules olive-coloured ; nucleus 
spherical; lateral crest absent; frontal 
wreath of cilia continuous. This species 
is often so abundant that it colours large 

} )ool8, in turfy hollows, of a dark blackish 
lue, resembling an infusion of coffee. 
The swimming movement of this species 
is readily seen (as in the others) with 
the naked eye. 1-90". 

S. castaneus (Wright). — A species 
named in a letter to us by Dr. W^’ight, 
of which the only particulars given arc 
that it is of a dark chestnut colour, and 
that it selects the tops of the stems of 
Myriophyllnm as its homo, and glues all 
the young leaflets togeilier with a ball 
of jelly, within which a crowd of zooids 
is imbedded. 


Genus TRICHODINA. — Vorticellina destitute both of tail and i^edicle, 
distinguished from the preceding genus by the general suifaco of the body 
being destitute of cilia. They possess a vibrating wreath of cilia anteriorly, 
on ono side of which is a simple, not spiral oral opening. They arc mostly 
disc-shaped or conical. T, Pediculm has the posterior end abruptly trun- 
cated like the front, and also surrounded with a wreath of curved seta), which 
it employs when crawling, in the manner of feet. In T, tentaculata there is a 
kind of proboscis. Coloured food is received by T, Fediculiis and 2\ Orundinella. 
A kidney-shaped nucleus is seen in 2\ Pediculm. Many species live parasitic 
on freshwater Mollusca, or Zoophytes ; but others have been found free in 
sea-water. 

This description by Ehrenberg conveys a very imperfect conception of the 
real structure and appearance of TncJwdina. The following account and 
figures from Stein will, however, supj)ly its deficiencies : — “ The genus Tricho- 
dina consists of naked and highly contractile animalcules, subject to very con- 
siderable variations of form in the du'cction of the long axis. Tlicir usual 
figure is that of a tiuiicatcd cone, much and suddenly distended posteriorly, 
and surmounted at their wider extremity by a wreath of cilia, which corre- 
sponds with the posterior ciliary wreath in other Vorticellina. The other, 
abruptly truncate extremity is furnished with an apparatus of hooks (XXTX. 
15), whereby the animal can attach itself to other bodies. The mouth is 
circular, and placed on one side of the body, at a greater or leas distance from 
the anterior extremity ; it is furnished with a special zone of cilia to aid in 
the introduction of the alimentary particles.” (It is, however, not circular, 
hut a spiral fringe of cilia, as Diijardin stated.) The genus Trichodhia (Ehr.) 
agrees in the main with Urceoluria (Duj.). 

Of the several species enumerated by Ehrenberg, Stein asserts that two 
only are. admissible, that the other three arc foreign to the genus, and very 
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incompletely ottm^ed beings. Thus T. Chrandinella and T. vorax appear to 
be merely the embryos, or otherwise the gemmes, of Vorticellina, whilst T, 
UntaculcUais imperfectly known, and will probably always remain a ques- 
tionable organism. Further, this author would unite Trickodimi with Urocen- 
trum into a subfamily of Vorticellina. 

Lachmann (A. N,H, 1857, xix. p. 119) agrees with Stein in limiting the 
genus to the two species T, Fediculm and T. Mitra, and in rejecting the 
rest as not Vorticellina at all. According to him, Trichodlna Grandmella and 
T. vorax are rightly referable to Halteria (Duj.). 


Triciiodina tentaculata (x. 227). — 
Discoid, destitute of the wreath of cilia, 
but with a fasciculus of vibratile cilia, 
and a styliform proboscis. 1-280". 

T. Fediculm {Cyclidmm Fediculm^ M.) 
= Urceoturia stcUina (Duj.) (x. 228-230; 
XXIX. 14, 15, 17). — Depressed, urceolate, 
and discoid, with a wreath of vibratile 
cilia anteriorly, and another of short 
moveable uncinate cilia, or hooked set®, 
posteriorly. Elirenbcrg remarks, I have 
fed this species many times with indigo, 
and have seen numerous stomacihs lilled 
with the blue matter. It always runs 
upon the back, where there is a wreath 
of 24 to 28 mobile hooks (or uncinate 
cilia), and has the mouth and vibrating 
wreath of 48 to 04 cilia directed up- 
wards." It appears to feed upon the 
little gmnuhis of tlie body of the Fresh- 
water Polype {Hydra, * Microscopic Ca- 
binet,’ pi. vii.) (Figs. 228 and 229 are side 
views, attached to a portion of a polype ; 
fig. 230 is a top view). 1-570" to 1-280". 

T. Fediculm (xxix. 14-17) is described 
in much detail by Stein {Infmiomthierey 
p. 176). “It has," he writes, “ a turbau- 
shaped body ; the truncated conical an- 
terior segment is morphological with the 
rotary or^fftn of typical Vorticellina, and 
is shorter than the very ventricose and 
expanded p&terior segmbnt, from which 
it is separated by a deep annular con- 
striction or furrow, occupied by a wreath 
of vibratile cilia of loss length than those 
forming the posterior zone. The orid 
aperture is seated in this furrow, the cilia 
of which are active in impelling food 
into the mouth. The posterior ciliary 
zone is parallel with the one in front, 
just described, and occupies the posterior 
surface of the hindmost segment of the 
body, near to the line of attachment of 
the circlet of uncinv as can be best seen 
when the animal is dead. It is this zone 
which principally serves for locomotion. 
The anterior segment con be retracted, 
and even vanish, by being taken up into 
the posterior, when the figure becomes 
^lindrical, with ^abruptly truncate ends. 
The posterior segment also contracts it- 


self considerably, and in so doing pre- 
sents several annular folds. The margin 
of the truncated oxtrenfity, which is 
much smaller thauasection made through 
the middle of the posterior segment, is 
fringed by a firm cartilaginous or horny 
ring, having both on its outer and inner 
face a series of uncini, placed at equal 
distances from each other, and sorae 7 
what constricted behind the ori^n of 
each pair. The inner row of uncini lie 
in the same plane as the posterior sur- 
face; but the external row are strongly 
turned outwards and backwards. Besides 
these is a structure not hitherto described, 
consisting of an onnular, transparent, 
elevated rim or collar^ often of a slight 
yedlow colour, and ot a horny aspect, 
placed around tlui outer margin of the 
corneous ring, above the base of the 
outer series of uncini. It is extremely 
fiexible, directed obliquely outwards, and 
marked by very line lines. TIkj circlet 
of hooks IS at once dissolved by acetic 
acid, whilst this slructure remains ; and, 
on the other hand, the whole prehensile 
apparatus disappears when the animal 
is put into alcohol." The structure of 
TnchoditiUy as now unfolded by Stein, 
was both imperfectly and erroneously 
conceived by Fhrenberg. 

The long diameter or the largest Tri- 
chodina Fediculus Stein met with was 
1-300"; the transverse diameter was 
about the same. Small specimens oc- 
curred of only half the size, but complete 
in all the details of organization. 

T. vorax. — Oblong, cylindrical, or 
slightly conical; anterior part convex, 
and crowned with cilia ; the back rather 
attenuated and smooth. 1-570". 

This and the next species are, from 
their dissimilarity to T. Fediculm, re- 
moved bv Dujardm to another genus he 
names itaUerm, — the two being equiva- 
lent to IIcditeriaGrandineUa, which again, 
in Stein’s opinion, is the embryo of an 
Acinetiform phase of a Vorticella, 

T. GrandineUa (M.). — Nearly spherical ; 
sharoly attenuated posteriorly ; a wreath 
of cilia surrounds the truncated fore part. 
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This species is liable to be mistaken, by Mitra the undulating cartilaginous ring 
an inexperienced observer, for a free For- is not armed with hooks^, but has only 
ticeU ^ ; its true distinguishing character the annular membrane, precisely like 
appears to be its open wreath of cilia, that in the other specie^ except that 
1-1600” to 1-860”. it is relatively smaller, less distinctly 

T. Mitra (Siebold) (xxix. 10^. — An- striped, more colourless and transparent, 
tenor segment elongated, cylindrical, and therefore more readily overlooked, 
much longer than the slightly wider and Between the two segments is the deep 
more discoid posterior sellout, into furrow in wliich the mouth is placed, 
which it gradually expands. The outer- from which a row of cilia extends to- 
most margin of the posterior se^ent wards each end at right angles to the 
has a similar wreath of cilia to that of posterior ciliary zone, and is homologous 
T. Pediculm \ but the prehensile ^pa- with the anterior wreath of cilia of T, 
ratus differs in the two species. In T. Pcdicuhts, 

Genus UllOCENTIlUM (X. 231, 232). — Free, with a tail-liko stylo, but 
no pedicle, and no cilia, except a wreath anteriorly ; orjil aperture simple. 
Self-division transverse. Ehrenbcrg thinks the eyes, which Miillcr supposed 
he had seen, were most probably the traces of cilia, wliich ho appears to have 
overlooked. 

Ubocentbum Turbo (^Cercaria Turhoy i?/V*<?//a-stalk, but an articulated style on 
M.) (x. 231, 232). — Il 3 'aline, ovate, tri- the back — perhaps a foot.” With llemnse 
lateral, with a style, or scjtaceous tail, and Coiifervje. b"ig. 232 a dorsal, 231 a 
one-third of its length. Ehrenbcrg 8 a 3 %s, side view. 1-130" to 1-280”. 

The little tail is not a separable Fbr- 

Oenus VOllTICELLA (XXVIT. 1-5). — Crowned with cilia anteriorly; 
stalked when young, but at a later period, and also after self-division, sessile. 
The shape of the zooids, when stalked, is similar ; the pedicle can be suddenly 
deflected spirally, by means of the long muscle within it, hut it is never 
branched. At certain periods a second wreath of cilia is produced at the 
posterior part of the body. Not only, according to Ehrenbcrg, can numerous 
stomach-cells be seen, but likewise the gradual passage of the food onwards, 
in a twining sort of intestinal canal, though this is not easily observed, on 
account of the periodical deflection of the pedicle. However, in the genera 
Ejpistj/lis and Operculdria, whose pedicles arc comparatively motionless, the 
nutritive apj)aratus may be much more pcrfcctlj" investigated. Th® mouth 
and discharging orifico are separate, but lie in the same hollow, at the 'anterior 
margin. The granules are variously coloured, and constitute, in Ehrenberg’s 
language, clusters of ova ; nucleus elongated, contractile bladder rojind. The 
animalcules arc androgynous. The supposed increase by the growth of young 
animalcules out of the pedicle (or of gemmsc), like flowers on the stem of a 
plant, has arisen from erroneous observation. AVhen the animalcule loosens 
itself from its pedicle or stalk — a circumstance which, says Ehrenbcrg, takes 
place at certain periods — the stalks die, or disappear, just like the shells of 
crabs, or as the nails and hair.’’ The muscular fibre within the stem requires 
stops, or an achromatic condenser, under the stage, to render it distinct. 

The Vorticellce being of so considerable a size, and easily procurable, have 
formed the subject of numerous investigations into their organization ; but 
yet no observers have been able to coincide entirely with the views of 
Ehrcnberg. Among the most recent researches are those of Prof. Stein, 
which have been fully put forward in the general history of these animals, 
to which we must refer (sec p. 277 et seq.). Suffice it to say that the 
winding intestinal canal, the distinct stomach- cells, the clusters of ova, the 
androgynous nature mentioned in the above account from Ehrenberg of the 
internal organization of VorticeUcPy have, not onlj' in Stein’s opinion, but in 
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that of nearly every other naturalist, no existence ; the appearances so inter- 
preted are explicable in a different manner. Adopting the results of recent 
discoveries, the following descriptive characters may be laid down. 

Body bell-shaped (campanulate), supported on a highly contractile, un- 
branched pedicle or stem, and surmounted at its wide upper extremity by a 
dilated and somewhat everted margin, or ** peristom.” The wide anterior 
extremity is closed by a “ disc,” fringed with cilia, which commence on one 
side of a depression or fossa in the peristom, called the vestibulum, whence 
they ascend to surround the disc, and after continuing down its sides or 
stem,” enter the mouth, and thence retiun to their starting point, thereby 
completing a spiral ciliary wreath, or rotary ai)i)aratus, which serves by its 
vibrations to draw food inwards to the mouth, and, when the animal detaches 
itself, as an organ of locomotion. The disc may be slightly elevated above 
the peristom, but less so than in other true VorticeUina ; when so elevated, 
the ciliary apparatus is said to be expanded. On the other hand, it may be 
withdrawn under cover of the peiistom, the cilia disappearing from view ; 
and when more strongly contracted, the whole disc is so drawn within the 
body that the entire appearance of the anterior extremity or head of the 
animal is lost, its ciliary mechanism being so inverted that it appears in- 
ternally like an irregular sigmoid cavity, in which the cilia may possibly be 
distinguishable, whilst the i)cristoTn is itself completely closed in upon the 
whole. In this state of complete contraction the VortlceJla resembles a shut 
ovoid sac. Except the head, the rest of a Vorticella is destitute of cilia. 
The fossa lying between the sides of the ciliary disc and the penstom is the 
vestibulum, into which both the oral and anal outlets open, within a very 
short space of one another. The mouth opens below into a ciliated pharynx 
or oesophagus, which is extended a considerable distance into the intciior as 
a digestive tube, terminating, it would appear, suddenly by an open end. 
The food received at the mouth is transmitted through the ccsophagus, and 
is formed at its extremity, with the aid of water, into a globule or vacuole, 
which is pushed onwards by the vis a tergo in a circular course towards the 
anal outlet. Besides molecules and granules derived from food (vesicular 
bodies composed of oily or other matters), there are always present in the 
interior a round contractile vesicle and an elongated curved band- like nucleus, 
often with several minute clear spaces or nucleoli. The vesicle is usually 
placed near the lower end of the digestive tube, and the curved, horseshoe- 
shaped nucleus lies across at the posterior third of the animalcule. The 
Vorticelloe multiply by longitudinal self-division, and by the growth of gemmic 
from their base, and propagate by the resolution of the nucleus, after encyst- 
ing itself, into numerous Euglena-hVo or Monadiform beings, and, according 
to Stein, by ciliated cmbiyos through the medium of a previous conversion 
into Acinetfe. The new beings formed from fission or gemmation are at first 
in a contracted condition, and on their detachment arc found to be furnished 
with a posterior circlet of cilia to serve as a means of locomotion until they 
affix themselves and proceed to devclope a pedicle, after which it disappears, 
and the ordinary ciliary wreath of the head unfolds itself. Indeed, even 
when these processes of multiplication are not in operation, a Vorticella 
can detach itself and leave its stalk, or swim away with its pedicle when 
loosened from its hold. 

The pedicle is remarkably contractile, drawing itself into a close coil with 
extraordinary rapidity, and again uncoiling itself with equal quickness, regu- 
lating these movements by external conditions, as though possessing con- 
sciousness and will. Tho pedicle is a hollow tube, containing a thread or 
band within it, to which its contractile powxr is due. 
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V OBTICELLA nehuUferit ( V* nehuUfera et 
y, ConvaUarittyM., ). — Body campaniilate ; 
its base, to which the pedicle is aitixed, 
may be either conical or hemispherical, 
according to its state of expansion or 
contrt^tion ; the pedicle or stalk is about 
live times the length of the body, and 
can form as many as ten coils. These 
creatures iisually^ congregate together, — 
though each is independent of its neijyh- 
bour ; for on the approach of any foreign 
body to one, it witlidraws, by coiling up 
its pedicle, while the others remain 
stretched out in search of food. An am- 
plification of 300 diameters is necessary 
to exhibit the cilia. Dui-ing longitudinal 
self-division the body becomes broader : 
gemmation takes place from one or other 
side, close to the insertion of the pedicle. 
Abundant, appearing like a white film, 
on the stalks and roots of Ltminre and 
other water-plants, even in winter under 
ice. 1-670" to 1-280"- 

This is one of the species of VoHicdla 
in which Stein believed he proA*ed the 
development of an Acineta from the 
encysted animal, and also, under other 
circumst ancles, the gtnieration of a brood 
of young Mouadifomi beings or germs. 

V. citrina (M.). — More Yiemisphcrical 
than tlie preceding, and tlie frontal mar- 
gin mor(i expanded. Upon Lemno), 
rarely with the former species. 1-430" 
to 1-210" j stalk 3 to 4 times that length. 

l*erty sjieaks of this spedes as having 
a stiff stein, and apparently closely re- 
lated to tlie genus Stentov, Dujardin 
adopts this specific name for a Vorticella 
defined as being very varifible in form, 
often campanulate, rarely conical, having 
a wide projecting border, variously con- 
toi-ttid or im^gular. 

V. microstoma (xxvii. 1-6). — Whitish 
gi-ey, ovate, iiaiTower at the ends ; frontal 
ina^in not expanded or campanulate; 
during contraction the aniimd is annu- 
lated; multiplicjs by longitudinal and 
transverse (?) self-division, and by gem- 
mation. In stagnant water. 1-2300" to 
1-240"; stalk six times longer than the 
body. 

This species was the subject of the 
minutest investigations by Stein, who 
not only represented it as becoming 
encysted, but also as being either trans- 
formed into an Acineta or Actinophrysy 
from which a ciliated embryo is deve- 
loped, or as giving origin, without such a 
metamorphosis, to a multitude of gernis. 
He i*eniarks on the immense range of size 
seen among different examples of this 
animalcule, viz. from 1-300" to 1-3600" 


(xxvii. 6), the smallest equally with the 
largest exhibiting the same structure. 
The figure ho describes as pear-shaped, 
the anterior half contracted ; the ciliated 
disc slightly everted, not campanulate; 
rotary organ small, and elevated but 
slightly above the peristom. He objects 
to Dujardin’s union of this species with 
FI convallaruiy under the name of F. ew- 
fimonuni, as erroneous, the two being 
perfectly distinct beings. 

V. Campanula ( VorticeUa lutiarisy M. ) 
(xxix. 1). — Hemispherical, not aniiu- 
lated, bell-sliaped, with the frontal mar- 
gin broad, truncated, and not expanded. 
Colour whitish-brown. Tliis species ap- 
pears like a thick bluish film upon 
water-plants, and the single animalcules 
»u*e discoverable with the naked eye. 
1-120"; stalk seven times longer than 
the body. 

Perty adopts Miillev’s name F. lunaris 
for a species wliich he ct)iisider8 equiva- 
lent bot h to V. Campanula and V.patcllina, 

V. hamata. — Small, ovate, hyaline, 
attenuate at both ends ; body obliquely 
I attached to tlie pedii-le. l-670". 

V. chlorostii/ma ( Vo?'ticcllafa.sctculata, 
M.). — Green, ovate, conical, canipanu- 
lato, and ammlated ; frontal margin 
(peiistoin) expanded. Often covers 
grasses and rushes with a beautiful 
gi-een layer. 1-240"; stalk five times 
the length of the body. 

V. patellina ( M . ) . — 1 1 omi spherical, 
canipamdato; frontal portion very much 
dilated ; its margin gi-eatly expanded, and 
often turned backwards. 1-480" ; stalk 
about seven times the length of the body. 

V. cmivallaria ( F. ci'ateriformisy citrina, 
(jemcUa, ylohuMHa, hilaris, nasiita et trun- 
catella ; Enchclys FritiUm ; Tnchofla yy~ 
rhiHs, M.). — Ovate, conical, campanulate, 
aimiilated ; hyaline or whitish ; frontal 
portion dilated, its margin slightly ex- 
panded. This appears to have been the 
fii-st infusorial animalcule discovered. 
Jjccuwenhoek, the discoverer, found it 
in stagnant rain-water, at Delft, in April 
1676. It occurs in considerable abun- 
dance upon tlio surface of vegetable in- 
fusions, with F. microstoma, from \yliicli 
it is distinguished by its broad front, 
which gives to it a bell-shnpcd or cam- 
panulato appearance. Carus, in 1823, 
fancifully roprostjnttjd it as arising from 
spontaneous generation in oil, or from 
an accidental mixture of oil colour and 
spring-water. It has been described 
under various names by diflerent natu- 
ralists. 1-430" to 1-24"; stalk six times 
its length. 
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This well-known animalcule is usually 
foimd attached to extraneous bodies in 
water ; such as the leaves of duck-weed, 
small aquatic shells, clusters of the ova, 
or the larvas of insects; an example of 
the latter is sho\m in the Microscopic 
lUustrationSj fig. 30, where it may be 
considered as a parasite, or rather an 
epiphyte. As, when fidly developed, 
it is mostly attached to some sta- 
tionary object, it affords many facilities 
to the microscopist for observation, and 
forms a good object also for ascertaining 
the defining power of his instrument, 
and his expertiiess in its management; 
for much of the clearness in stnicture 
will depend on the manner in which he 
manages the illumination. If this be not 
attended to, and the instrument has not 
sufficient power and penetration, it will 
exhibit only two cilia instead of a cir- 
cular^ row ; indeed this animalcule is 
described and drawn in this manner by 
the old authors, — an error which recent 
improvements in the microscope have 
demonstrated. 

V . picta . — Ovate, conical, campanulate ; 
frontal portion dilated, and its margin 
slightly expanded. 'I’he pedicle is very 
slender, and curiously marked thi-ough- 


out its length with red dots. 1-1160" to 
1-670" ; stalk four to five times as long. 

Pertv treats K. lunaris, V, fasciculata, 
and K. cirrata of Miiller os distinct 
species, instead of accepting them as 
varieties of others named by Ehrqpberg ; 
but he fails to give the characteristics 
necessary to their establishment as such. 
It is to be remarked, however, that K. 
lunaris and V. fasciculata are, ho is in- 
clined to believe, merely varieties of the 
same species. 

Vorticella Ampulla (Miiller) is treated 
by Lachmann as the representative of a 
new genus, as yet unnamed, belonging 
to the Stentorinae (A. N. IL 1867, xix. 

p. 128). 

F. infiisiomwi (Duj.) is not equivalent 
to V. microstoma and V. Convallaria, as he 
represented it to be. He describes it as 
commonly ovoid or nearly globular, trun- 
cated at the head, with a slightly pro- 
jecting border, 'fho pedicle is very 
flexible, its surface striated obliquely. 

V. t'amosissima (Duj.) = Carchesium 
polypinum (Khr.). 

V. Arhusoula (Duj.) = Zoothamnium 
Arhmcula (Khr.). 

V. hmaris (J)uj.)= V, Campanula and 
V. patdlina ( I^hr.). 


Genus CAllCIIEHIUM (XXX, 9). — Distinguished from the preceding 
genus by the spirally flexible branched pedicle. The bodies (zooids) upon 
the pedicle are all of the same form. The organization of this genus is not 
so well known as that of Vorticella and EjnstyUs, There is a simple wreath 
of cilia, which during quick vibration appears double ; and, as in Vorticella, 
a posterior circlet is produced at certain periods ; within the pedicle a trans- 
versely folded contractile band is observed during contraction. The mouth 
is lateral. Internally are wliitish granulas, and a contractile bladder ; but 
the nucleus is indistinct. The growth of gemmar has been observed ; and 
the zooids can detach themselves from the stalk, as in the case of VoHicella, 
One of the best distinctive features between Carcheshim and Zoothamnium, 
is that the contractile band of the former is not continuous throughout the 
pedicle and its branches as it is in the latter (see p. 293). This is noticed 
both by Stein and Dr. Wright: the latter adds, The division of the zooids 
is more complete in Carchesium than in Zoothamnium. In the former, at 
each division, one of the zooids produces a new muscle not connected with 
that of the zooid from which it has separated.” 


Carchesium polypinum (Leeuwen- 
hoek) (K polypina, M. and Dui.) (xxx. 
9). — Conical, campanulate, white; the 
frontal portion brood, truncate, and its 
margin expanded ; pedicle branched in a 
sub-umbellate manner. The axis matter 
or supposed muscle of the pedicle, first 
observed by Mr. Varley, is very distinct. 
1-670" to 1-430". 


C. pygnimim (Zoothamnium Parasita, 
Stein).--Very small, ovate, white, rather 
dilated in front; pedicle branched in a 
bifid, rai'oly in a tnfid manner. 1-2400''. 
Berlin. On Cyclops quadricornis. 

C. Conical, campanulate, 

dilated in front ; branching in an oblique 
conical polypaiy, attaining two lines in 
height. Benin. 


Genns EPISTYLIS (XXVII. 16, 22, 23 ; XXX. 11).— Pedicle rigid, either 
simple or branched ; all the zooids of the same figure ; or, in other words. 
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they are Vortwellce or Carchesia with a rigid hollow pediclo, without an 
internal contractile band. The situation of the mouth and anal opening is 
easily demonstrated by the employment of coloured food. In E, plicatilis, says 
Ehrenberg, the whole course of the alimentary canal can be seen. A con- 
tractile sac and a short band-like nucleus are observable in many ; the latter, 
however, is spherical in E, nutans. Longitudinal self-division and gemmation 
frequently seen. The Epistylides are among the largest of the Vorticellina, 
and are exclusively found in pure water, on aquatic plants or animals. 

Stein’s researches throw additional light on tlie structure of Epistylisy 
which, he says, resembles generally that of Vorticella, The body has usually 
an ovoid or almost spindle-shaped figure, tnmeate in front, where a slightly 
everted ciliated peristom, of a sphincter- or lip-like character surrounds it, and 
gives to the whole being somewhat of a bell-shape. Within the peristom is a 
ciliary disc capable of being protruded or retracted at the pleasure of the 
animal, and having on one side the oral aperture. This disc is the ‘‘ rotary 
organ ” in Stein’s description, and in Ephtylis its pedicle or stem is always 
short and thick. When retracted, the sphincter-like peristom closes over the 
rotary organ like a lid, and then the whole animal ac(|ui]*os a pear-shaped or 
globular figure. When the contraction has proceeded to its utmost, the 
peristom appears like a wedge-shaped or cylincbical proctiss surmounting the 
body. The mouth opens into a slightly coiled, tapering tube, which ends 
abruptly towards the centre of the body ; near its t(.*rmination is a contractile 
vesicle, and not far from the last an elongated biuid-likc; or renifoim nucleus. 
Epistylis multiplies in precisely the same niauiier as Vorticellay by fission 
and gemmation. Stein believes he has traced a cycle of changes through 
which it passes, between the encysted condition on the one hand, and tho 
development of a ciliated Tridiodina-\\Vii embryo from an Acinetiform phase 
of existence on the other. His observations tend to show that tho embryonic 
being developed from the Adneta of Epistylis anastatica is similar to Trichodina 
Grandinella (Ehr.), and probably identical with it. In E. nutatis ho satisfied 
himself of the occurrence of similar transformations, but felt less assured of 
their occurrence in E, yrandis, E. berhedformis, E. Barba, and E, plicatilis. 

The stem or pedicle is inflexible. No canal, as represented by Ehrenberg, is 
usually discoverable ; but sometimes the stem is finely striated longitudinally, 
and in older specimens has at varying distances transverse lines or false joints. 
Dujjirdin proposed to amalgamate the two genera Epistylis and Opercularia, 
since he could distinguish no generic dilfcrences between them. In this pro- 
posal, however, he was wrong, for, as Stein shows, there are sufficient di- 
stinctive peculiarities to warrant their generic independence. (See description 
of OpERCULAEiA.) The animals seated on its branches, by their mode of 
articulation, enjoy considerable latitude of motion, and are also able in some 
degree to shorten themselves by the annular segments of their base. 

The stem is secreted by tho animalcules it supports. When fission has taken 
place, two beings arc for a time seen seated at the extremity of tho same 
pediclo ; but soon each begins to produce from its attached base a new pedicle 
for itself, and thus the original stem becomes branched, and this in a furcate 
or dichotomous manner. 

All the members of tho same little tree (polypidom) are of nearly equal 
size. In the case of E, nutans, the largest noticed were l-20th of a line in 
length ; whilst in other polypidoms, whose stems and branches were propor- 
tionately thinner, examples were met with of very minute size (XXVII. 22, 
23). In the smallest, no anterior cilia and no contained globules were 
visible ; in larger ones, though only 1 -150th of a lino in length (XXVII. 23), 
such were found. These latter forms constitute Epistylis Botrytis (Ehr.). 
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Epistylis Galea, — Large, conical, 
contractile by transverse folds; mouth 
lateral and projecting; pedicle thick, 
branched, and articulated. Upon 
tophyUnm, 1-120". 

E'. ancustatica ( V, anastaiicay crateeyaria 
et rinaens, M.). — Oval, without folds; 
frontal margin dilated and projecting; 
pedicle dichotomous, smooth — or squa- 
mous with foreign particles. The gra- 
nules are white by reflected, and yel- 
lowish by transmitted light; the clear 
vesicle is often to be seeh, but not its 
contraction ; ^owth of gemmao un- 
known ; selt-division longitudinal. 
Upon CeraUphylhmi and small aquatic 
Mollusca and Eiitoniostraca. 1-280"; 
height of little tree 1-140". 

“ E, anastaticay" Stein, dilfera 
from E. Diyitalisy whicli it veiw closely re- 
sembles, by th('. form of its body, which is 
always funnel-shaped and campanulate, 
like tliat of E. pHcatills, only less don- 
ated, and by the branches of its stem 
oing outspread in a fan-like manner 
and ac,quirmg a nearly equal height, or 
an umbellate couditionV’ lie adds, 'J'he 
throe species most nearly allied, viz. E, 
anastativay E. pUcatiUsy and E. Eiyitalisy 
have, wlieu studied at diilerent ages, few’ 
oints of s(}paration, except that furnished 
y their habitats, — E, pHcatilis living 
upon the sludls of Mollusca; E. anas- 
tatica upon the roots of Lemna ; and E, 
Digitalis upon Cyclops (juadricornis,^^ 

E. plicatilis ( V. annuhris et pyraria, 
M.). — Conical and elongated, contractile 
in annular folds ; frontal margin dilated, 
truncated, and slightly projecting; 
pedicle dichotomous, ofttni corymbose, 
smof)th, or, when foreign bodies adhere, 
of a scaly appearance. This species is 
white to the naked eye, but somewhat 
yellow beneath the microscope ; it is 
very much like the precciding, is often 
found with it, but is distinguished by 
being larger, by its ring-like folds wdieii 
contracted, and by the tasselled or tufted 
appearance of the cluster. 1-280" to 
1 - 210 ". 

TJie stem, says Stein, is solid and 
lon^tiidinally striped. Tlicj nucleus is 
reiiitbrm, and the contractile v(;aicle lies 
within the substance of the large rotary 
organ. In old stems transverse lines or 
joints appear, at a distance from one 
another. The largest examples Stein 
met with were 1-168" in length. 

E. grandis, — Broadly campanidate, 
stalk decumbent, slender, smooth; the 
branches flexible and without aiticula- 
tioufl, but much tufted. This is ndt only 


the largest freshwater species of E^i- 
stylisy but it also forms the greatest 
masses. Its proper colour is a bluish 
white ; but it often appears of a yellow or 
^ccuish hue, from the colour of its food. 
Upon Ceratophyllum and Nymphamy 
olten like a bluish- white slime, easily 
broken up. In masses several feet long, 
and tw^o to three inches thick. 1-140" to 
1 - 120 ". 

E. Jlavicam ( V, ncinosa et helUsy M.). 
— Lai-ge, broadly campanulate, and of 
a yellow colour; pedicle smooth, its 
branches coarctato. The branches are 
dilated at the axilhe. In this species the 
alimentary canal is very evident. Size 
(stretched out) 1-190" ; tree 1-9" high. 

Although Stein represents the stem 
in Eipistylis to be, as a mle, solid, yet, in 
a passing notice (p. 72) of E, Jlavicansy 
he reimu’ks that the pedicle evidently 
had a liollow central canal. 

E. leucoa ( Volvox Sphan’uhty M.). — 
Ijarge, broadly campjinulate ; pedicle 
erect, smooth, and articulated ; the 
branches capitate or collected in a head. 
These animalcules are convex tmteriorly, 
have distinct colourless gi’aiiules, a sim- 
ple wreath of cilia, and a round mouth on 
(he margin. The iiiurleus is bent in the 
form of tJie loiter S. 1-120"; tree 1-24". 

E. Digitalis ( V. Digitulisy ringens et in- 
clinansy M.). — Small, cylindiictd, campa- 
nulate; stem dichotomous, and finely 
amiulated. This well-marked form in- 
fests the Cyclops quadricornisy which it 
sometimes coiiipletoly covers. In the 
beaiitifid little tree this species forms by 
its branching, the Notommata petromyzon 
ne.stlos just like a bird in a bush, and 
fastens its eggs to its branches. Coloured 
food is readily taken. 1-4.‘10" ; tree 1-20". 

The figure is more like that of the 
flower of the foxglove (^Diyitulis)y as the 
name implies, than bell-shaped ; for the 
peristom is very little everted, and its 
diameter not greater than the middle of 
the body. The rotary organ protrudes 
some distance, and lies very obliquely. 
The nucleus is baiid-like, and curved in 
a semicircle. The anuulation of the 
stem could not be seen by Stein, except, 
as in Epistylidesj near the junc- 

tion or bifurcation of the branches, and 
occasionally in very old specimens : in 
these last it often has a rusty colour. 

E. (?) nutans {Opei'cularia nutansy 
Stein). — Ovate, attenuated at both 
ends ; mouth two-lipped and prominent. 
The pedicle annulated (xxvii. 16, 22, 
23). ^^This animalcule,’’ says Ehren- 
berg, ^^enn push forth a bladder between 
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its li^s. like (si porva licet compouere 
niagnis) a camel cmi its palate*'. 1-430" ; 
tree 1-24". 

The process above alluded to by 
Ehrenber^ as protruded from the heai 
uf this auimal is undoubtedly the sort of 
under lip alluded to by »Stein in his ac- 
count ol ()percul<tria (see next ptige). 
This author, again, confirms Ehrcnber^ in 
his doubt as to tJie position of this species, 
and shows that it is an Opercularia, 

ery 8ninll,ovate, crowned 
with cilia. They resemble grapes upon 
a simple hyaline pedicle. This species 
together with J^. Aruhica and Carchesium 
pyymcBum are, in Stein’s opinion, not 
really distinct species, but difierent 
phases of tlie same aniiuiilcule. 1-2400"; 
lr('e 1-240" (see p. 589, last line). 

15. veyetans (^Volvox rryetanSf M.). — 
Very small, ovate, crowned with cilia 
j dispostid in cliistcTS, like the pre- 
ceding, upon a branched pedicle, of a 
ycdlow colour. When the water con- 
taining this species is coloured with 
indigo, strong ciuTents are seen at the 
front or head of each animalcule, (?vi- 
dentl}' caused by a vibratih; organ ; but 
wlietlier this is a wreath of cilia or a 
siiiiplo proboscis, is undete.rmiiK'd ; if a 
proboscis, this creature would belong to 
the Monads, whei*e it would form the 
type of a new genus. In river-water. 
1-3450"; ti-eo 1-140". 

Brightwell says (thuna Infusoria of 
Norfolk j 1848) that the aimed or oval aiu- 
malcules are furnished with a long fila- 
ment, that, when Die water is shallow, 
they detach themselves, and swim about 
with a revolving motion. 'I’he organ of 
motion he states to be a long filament 
(proboscis) ; if so, the animal is not an 
ijpistylk. Stein treats it also as a very 
doubtful Epistylis. 

E. parasitica, — Small, conical, campa- 
nulate, and solitary ; pedichj simple and 
smooth. Upon Zt)obotn/on pmucidus, 
1-570"; with pedicle 1-120" to 1-24". 

E. Arahica. — Small, oval, campami- 
late ; pedicle but little branched, smooth, 
and hyaline. In the Red Sea. Size of 
tree 1-140". 

I'liis species, as well as E. Botryiis and 
Carchesium pygmtmnif are adduced by 
Stein as insufficiently marked, and re- 
ferred by him to the young and incom- 
plete foims of other species. 

E. Earha. — Ovate, oblong, white ; 
branches dichotomous ; longitudinally and 
rf'gidarly striated. On larvf© of insects. 

E. he7herifor7nis= Op/Tcitlaria berhe- 
rina (Stein) (xxix. 4).— Oblong, sub- 


cjdindrical, white; stem dichotomous, 
articulated, and striated, its divisions 
dilated at thtur apices. Parasitic, Berlin. 

This is not, as Stein shows, a species 
of Epistylisy but of Operculnria, under 
which we shall introduce it with the de- 
scriptive account this ablewTiter supplies. 

E. each lor a. — Oblong, rather expanded 
in front, with green ova ; stem dichoto- 
mous. 1-13" in height, smooth. Para- 
sitic on Planorhis cornea, Berlin. 

E. pavonina. — Very large, lielmot- 
shaped, elongated in front; stem very 
high, dichotomous, striated, and hence, 
by decomposing light, displays many 
hues. Ofttm 1-3" in lieight. llerlin. 

E. crassicollis (Stein) (xxx. 11). — 
Stem of considerable height, acutely and 
dicliotomoiLsly branclied so tliat tho seve- 
ral zooids it supports are brought nearly 
on the same lovtd (corymbos(»). Branches 
smooth, transparent, straiglit, and of 
equal thickness. In some specimens 
transverse lines or joints occur; and tho 
stem is frequently dilated at the point 
of divergenc.o of its branches. Aniinal- 
(*ulos o\ate, contracted poshjriorl}", and 
also ill a sligliter dogrije anteriorly. The 
annuhil(‘d, hoop-lil<o peristom 801111011013 
the body, having a rather smaller dia- 
meter. Ihe rolm*y disc is convex, but 
liscs only slightly above the peristom. 
The msopliagus and its intestiiie-liko 
continuation iriirvc backward almost to 
the posterior oxtremity of the body. 
I’lie contractile space lies close to the 
lower end of the stem of tho rotary 
organ ; the nucleus is horseshoe-shaped. 
Contents white, frequently with specks 
of red. Eai'gest specimens 1-240" in 
length, and 1-480" in width. Occurs on 
the bristles ^of the hind feet and of the 
jaws of Entomostraca. 

E. hranchiophila (Pert^'). — Spherical, 
with a truncate base ; colour grey. Stem 
and branches colourless and smooth. 
l-3()0"; length of polypi doin 1-90". Tho 
animalcules are sparse m refereiico to the 
dimensions of the stem : the latter often 
rugose at its junction with the animal it 
supports. \V'lieii the stem contracts it 
does so only on one side, and not com- 
pletely across. Both this descriplion 
and tho figures given in illustration by 
Perty are, as Stein observes, insufficient 
to characterize the species. The latter 
writer retains the name, however, for an 
Emistylis having a relatively thick stem, 
of moderate height, repeatedly forked, 
finely striated and somewhat curved. Of 
the two branches resulting from a bifur- 
cation, oiiii attains a much greater length 
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than the other ; hence the appearance of 
a main stem and a subsidiary branch. 
The zooids terminating;? the ramifica- 
tions are pear-shaped, the width nearly 
equalling the length, and almost glo- 
bular when the peristom is contrtictcd. 
They are of a greyish hue. The rounded, 
lip-like, ciliated peristom is of less dia- 
meter than the widest part of the body ; 


and its entire, space is occuipied by the 
rotary organ, wdiich is only a little ele- 
vated above it when extended. The 
nucleus is elongated and vermicular. 
The average length of the bod v is 1-360" 
to 1-280"; and the width 1-450" to 
1-336". Gemmatiori may bo frequently 
seen, the buds growing from the fore 
part of the body behind the peristom. 


Genus OPEUCULAllIA (XXIX. 4; XXX. 1, 2, 27).— Branched pedicle, 
stiff and rigid, supporting dissimilar corpuscles (zooids). The aiiamalcules 
have two lips ; the superior one, supported by a muscle, is somewhat like a 
lid (operculum), which is a characteristic. Opercularia = Episti/lis with dis- 
similar corpuscles. The organs of locomotion consist of a wreath of cilia, 
and a long muscle within the body ; this raises or depresses the frontal region, 
in the form of an upper lip. Food is taken into, and its effete portions dis- 
charged from the large vcstibiilum situated in front and rather to one side, 
and to and from which the alimentary canal is seen running. Self-division 
and the separation of the zooids from the stalk may be frc(iucntly observed. 
The large dissimilar bodies occur singly beneath the animalcules, more espe- 
cially in the axillue of the branches ; some are very largo and egg-shaped, 
with hairs at their point, and only a small, round, non-vibratile opening. 
Ehrcnberg observes that such are most probably parasitic bodies. In all 
probability, however, they are encysted corpuscles. 

The following characters, contrasted with those of EpistyUs, are given by 
Stein. The peristom is, in Opereulxiria, merely a single border, neither 
ciHated, thickened, nor everted in a campanulate manner. The body, there- 
fore, is elongated, ovoid, constantly narrowed anteriorly, and simply truncated. 
The opening of the peristom, which also forms that of the mouth, extends as 
a wide and deep cavity (the vestibuhim) to the (esophagus, which is prolonged 
far into the body as a narrow digestive tube. A distinction between this last 
canal and the oesophagus is indicated by a group of three or four strong cilia 
placed at its commencement. The rotary organ springs from the wide oral 
cavity, on one side, by a narrow point, which is the apex of its trumpet- 
shaped figure. The base of this long conical sac is formed by its ciliated disc, 
which is thnist much above the peristom when extended, but can be drawn 
down upon it and close it : the whole organ is very moveable. The older 
observers looked upon the rotary organ as a valve or lid ; and Ehrenberg 
supposed it to have a long retractile muscle which could close it upon the 
mouth. IIoAvovcr, no muscle exists ivithin the pedicle of the organ ; for this is 
a hollow sac filled with the same substance as the general cavity of the body, 
and in direct communication Avith it. The pedicle of the ciliary disc is longer 
and more moveable than that of Vorticellu and Epistylis, The genus Opercu- 
laria is further distinguished by the presence of a delicate membranous, trans- 
parent process which stands out from the throat like an internally fixed collar, 
and is elevated above the peristom, forming a sort of under lip to the rotary 
organ. Whether this is ciliated, or only a vibrating membrane, Stein remains in 
doubt. It is the same structure as is referred to by Ehrcnberg in his note on 
Epistylis ? {Opercularm) nutans as a protrusile bladder-like process (see p. 590). 


Operculama urticulata (V. Opercu- 
laria, M.) (xxx. 1) occurs as a little 
shrub, 1-6" to 1-4" high, white and 
dichotomous ; carmine and indigo readily 
taken ; and Ehrenbovg states he saw as 


many as forty-four stomach-cells filled, 
resembli^ a girdle in the middle of the 
body. Tne stalk is very delicately 
striated in a longitudinal direction, and 
shows, at its ramifications, a transverse 
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line, or joint. Upon Dytiscus marainalis, 

Stein creates several additional species 
of O^ereularia, and has entered into many 
details respecting the stmcture of O. ar~ 
timdata (xxx. 1, 2). Accoitling to him, 
the body is spindle-shaped or ovate-elon- 
gate, and truncate before and bcliiiid. 
The peristom, which is continuous with 
the body, forms a simple terminal tnlge, 
sometimes quite smooth, at others plaited 
longitudinally. Similar plaits often occur 
at its posterior half, when the animalcule 
contracts itself. The disc of the rotary 
organ has three circlets of cilia, is con- 
tractile and changeable in form. The 
oral cavity behind the margin of the 
peristom is very wide and deep, ex- 
panded as a capacious sac, from one 
corner of wliich, posteriorly, the digestive 
tube proceeds. It is lined internally by a 
delicate hyaline membrane, which pro- 
jects beyond the peristom like an upright 
collar. At the base of the body is a dense 
collecjtioii of granules, apparently of a 
tatty chara(!ter. 'fhe nuchius is horse- 
shoe-shaped, and a round contractile 
space lies near to the cligeslivo tube at 
its commencemtuit. There is a pecu- 
liar glandular-looking body on each side 
of the oral cavity at the anterior part of 
the body, the nature of wliich is not dc- 
tenninea. When in a state of contrac- 
tion the animal is thrown into Jinniilar 
folds, the rotary organ completely re- 
tracted, and the peristom closed over it 
in a spliiucter-like manner, the whole 
body assuiiiing a spindle-shaped fonn, 
or, when contracted to the utmost, a 
pyrifoi-m or orbicular figure. Reproduc- 
tion takes place by gemmation; but fission 
has not been observed : 8teiii believes in 
the transfonnation of the animals into 
Acinelte, and the development from 
these of ciliated germs (xxx. 3, 4). 

Tlio length of the body of the largest 
specimens, when extendisd, is l-OfV' ; 
and the greatest width, at the middle, 
1-216". The stem is very variously 
branched, and is less rigid and more 
flexible tlian in other species. "Ilie 
transverse lines or false joints are not 
characteristic, and the longitudinal stria- 
tion is not always observ^le. 

O. berbertna (Stein) (xxix. 4) = 
sti/lis berberifm'mia (l^hr.^ — Animalcules 
outstretchea elongated, cylindrical, 
slightly contracted before ana behind : 
about 2| times longer than broad, with- 
out reckoning the extruded rotaiy oi-gaii. 
No separable peristom exists at the ante- 
rior truncated extremity (/. c. in technical 


phrase, it is obsolete); rotary organ 
comparatively sliortly stalked, its disc 
having a single whorl of cilia. Oral 
cavity capacious, as in O. articulata ; its 
membranous lining undulating, and seen 
with difficulty. An anal opening ap- 
pears at the base of the oral cavity, not 
far from the orifice of the oesopbagus. 
Even when expanded, the body is sur- 
rounded by thickly-placed annular folds, 
which become much more strongly 
iiounced when it contracts itself. The 
surface of the body is covered by a very 
firm, transparent, structureless mem- 
brane, whidi can be isolated for exa- 
mination without any special prepara- 
tion, and is often left "behind after death 
as a distinct sheath or skeleton. JVLiilti- 
plication by gemmation has not been 
observed; but fission is common. The 
largest 8p(;cimeiis were 1-190" in length, 
and 1-570" in width. 

Tlie form of the stem is very variable, 
for two similar specimens are scarcely 
to be found ; yet m all, llie animalcules 
ore supporl(‘d at diflereut heights, on 
stems varying in length, and therefore 
not corymbose. The stem, likewise, has 
not the stiff, regular (jonstriurtiou of 
most Onmiilarim and Episti/Udeaf but is 
generally (Mu*ved outwards, and has at 
variable distances transverse lines or 
joints ; tln^ extr(miitv supporting the 
animalcule is expanded. It is through- 
out solid, colourless, and diaphanous, 
and if at all striated longiliulinally, is so 
ill a very faint niaiiiier. On mpiatic 
animals. Stt'in believes he has dis- 
covered its Acineta (xxiii. 17, 20). 

O. Lichtmsldnii. — Body stout, short, 
barrel-like, th(i length not being double 
the width ; except in sparingly-branched 
stems, the opposite ends are little con- 
tracted. The rotary organ is but slightly 
elevated above the penstoiii; its stem is 
sliort, thick, and almost cylindrical, little 
cx(!eeded in width by the disc sunnount- 
iiig it, which has but a single circlet of 
cilia. Tlie membranous process within 
the oral cavity rises above the peristom, 
is notched, thrown into longitudinal folds, 
and, to all appearance, ciliated. TJie 
nucleus is always sliort and oval or 
round; its position varies; the con- 
tractile space is circular, in proximity 
to the beginning of the digestive tube 
or the oesophagus. The heap of fatty 
corpuscles near the base is present, os 
ill many rigid-stem VorticeUina. The 
maximum length is 1-190" ; and the 
I width 1-300". It differs from O. arti~ 
I adnta (xxx. 1, 2) by its round nucleus, 
2q 



594 


SYSTEMATIC HISTOBY OF THE INFUSOHIA. 


and from O. het'herim ^xxix, 4), which 
it closely resembles in its general orga- 
nization, by its length and width being 
much nearer equal, and by its not being 
bent backwards on the stem when con- 
tracted. Stein describes its Acimta and 
the ciliated embryo resulting from it. 
The stem is subject to great varieties ; 
but these all agree in the stem expanding 
from its base in a more or less marked 
miiittler, in the branches being all of equal 
length, and, in consequence, the zooids 
elevated at different heiglits. The stems 
of the oldest gtjiierationa arc low, and 
have but few nninialcules upon them, 
which are seated on short, curved, and 
cnomiously thick branches, such as are 
seen in no other OpermUmee, The 
whole surface of the stem is covered with 
numerous, closely-placed, shallow and 
deep transverse folds or constrictions, 
which give it a Imotty appearance ; it is 
also longitudinally striated. In younger 
gcnei'atioiis the stems are mor<^ densely 
branched j but the branches ar<? not ex- 
traordinniily thickened, being as slender 
as those of the larger groups of O. arti’- 
cuUdUy and, like these, hav(' only Iiero and 
there transverse markings, — for instance, 
at the angles of the braiurlies. They ar(5 
also longitudinally striped, and difier 
furtlier from O. hcrbrrwa by their ex- 
pansion upwards towards "the base of 
the superposed animnlcule. On aquatic 
Crustacea and Mollusca. 

O. stenostoma (Stein). — Body pjTi- 
form, widt^st in front of the middle line, 
rounded anteriorly, with a very naiTow 
peristom, and behind the middle strongly 
contnuded, so as to asvsume the appear- 
ance of a pedicle. The disc of the rotary 
organ is very naiTOw across, fringed with 
a single row of cilia j the mcmhranoiia 
process from the oral cavity rises only so 
much above the peristom as to form a 
narrow annular ridge. Nucleus long and 


horseshoe-shaped ; contractile space cir- 
cular, placed near the commencement of 
the resuphagus. Stem branched dichoto- 
moii8lv,but short, whence the individual 
animalcules (not more than 4-6 in num- 
ber) are in near apposition. 1-900'' ; 
length of stem l-3(Ky'. The stiff stem is 
small relatively to the body, striated 
longitudinally, and obscurely wrinkled 
transvei’sely. On aquatic Mollusca^ 

O. mici-ostoma (Stein) (xxx. 37). — 
Very similar to the last-named species. 
Idke this, it forms a lowly-branched stem 
bewaring few animalcules. The branches 
are comparatively tliin, and mostly 
marked by thicldy-set anmdar constric- 
tions, renclering it more or less crooked 
and knotty. Some stems, hoAvover, are 
quite smooth, and also without trace of 
longitudinal strim. 'I’htj animals, when 
extended, are pear-shnped, and have a 
constriction behind tlie middle, and in 
front a very naiTOW ptnistom. Kotary 
organ with a 811011 : stem and a narrow 
disc; on the opposite side of the owd 
(!avity is a tongiuj-like nuunbraiHnis pro- 
cess." 'J'lie oral cavity is comparatively 
narrow; the dig(j.sti>^i tube short, the 
contractile vt'sicle lies near its upp(jr 
end, and the curved, hook-liko nucleus 
behind the rotary organ. In contraction 
the animal retains its pyriform figure, 
and is thrown into anmdar folds poste- 
riorly. When more strongly contractod, 
it becomes oval. (Ireatc'st hmgth 1-280" ; 
Avidth l-ITiO". On the feet of Crustac.(?a. 

O. nutans (Stein) = nutam 

(Ehr.) ; hut the description by Ehren- 
berg requires to be modified by the dis- 
coveries of Stein, to render it correct and 
characttjristic. The two-lipped mouth 
is a misapprelKiiision of the rotarv organ 
and membranous process of tbe oral 
cavity, and the retractile palate is equi- 
valent to the rotary organ of Stein. 


Ocmis ZOOTHAMNIU!M (XII. 67, 68, 09). — Comprehends Vorticcllina 
with a spirally flexible branched pedicle having jin internal muscle. The 
stalked corpuscles are of different shapes ; a wreath of cilia surrounds the 
frontal region. The mouth simple and lateral. Numerous round stomach- 
cells (vacuoles) can be demonstrated by artificial feedings. Self-division has 
been observed. 

The more accurate examination of Stein supplies additional details, and 
corrects those above, as given by Ehrenberg. The so-called frontal region is 
the peristom of Stein, which presents a rounded tumid border, but no cilia ; 
for these organs form a fringe around a ciliary disc within the cireumforciiee 
of the perLstom, which can be protruded beyond, or retracted within it. In 
short, Zootlmmnmm, like other Vorticcllina, has a “ rotary organ,” which, by 
the whirling of its cilia, draws inward to the mouth, situated on one side of 



OP THE VOBTICELLINA. 


595 


it, a current of water, together ^\dth the nutritive particles it may contain. 
Within arc a curv'cd semicircular baiid-likc nucleus, a contractile vesicle, the 
so-called stomach-sacs or vacuoles, and numerous granules and molecules. 
The mouth opens into a wide oesophagus, which extends backwards tow^ards 
the centre of the body, where it terminates abmptly. The stem essentially 
dilFers from that of Carchesium in its central canal being continuous through- 
out ; but the distinction drawn between the two genera by Ehnmberg, from 
the presence of dissimilar coi'pusclos (animalcules) being found in Zootham- 
niim, and not in Carchesium, is ^vorthlcss, as that circumstance is indicative 
of nothing more than a certain condition of development. The oldest portion 
of the stem in this genus often becomes solid and rigid, and thereby re- 
sembles that of Ephtylis, for which it might he mistiik(‘n (sec p. 293). Dr. 
Wright observes that the primary (parent) zooid of a polypary docs not begin 
to devclope the contractile band in its pedicle until this has attained a con- 
siderable length ; hence, for the time, this primary zooid is an Epistylis by 
the stnicture of its stalk. 


ZooTHAMNiUM Arhuscula (Vorticella 
racetnosa, M. and Diij.) (xii. 07, 08, (iO) 
has the branches in racemes or iri*e- 
giilar umbels ; corjni.sclos (zooids) white, 
campanulate ; pedicle very thick. These 
beautiful little trees reyeuible plumes of 
finitluu’S. They have the ch{iractei*8 of 
Carchcsitim auci Opercularia as respecds 
the presence of glohidar bodies in the 
axillfe of the branches, but are at once 
distinguished by the strength of the 
lath!!*. Found upon Ceratophylhmi and 
o tiler freshwater plants, and also in sea- 
water j visible to the naked <‘ye. It con- 
tracts itself on its very idaslic pedich^ on 
every alarm. It lives but a short lime 
when removed from its native place 
(Brightwell, p. 344). Size 1-4^30" ; tree 
1-4", stalk one-fourth the thickness of 
the body. 

Z. nivoum (Z. plumomm, Wright).— 
3Iain stem zigzag; branches short, alter- 
nate, almost verticillate, given oil’ from 
each angle of stem ; zooids oblong, cam- 
pamdate, white, clustered at tlio ends of 
the branches, wliich are filiform, the 
lower ones often deserted, while the 
upper bear clusters of cliih-shaped little 
bodies rounded anteriorly, Summit of 
main stem and branclics curved haerk- 
wards like an ostrich -feather ; lioiice the 
name plumosum, proposed by Dr. Wright. 
1 - 210 ". 

Z. affine (Stein). — Stem dichotomous ; 
branches attaining a nearly equal eleva- 
tion. The primary stem varies in length 
as well as the lateral ramifications ; hence 
the arborescent polypidom varies con- 
siderably in its general iispect, being at 
one time loose and difiiise, at others com- 
pact and dense. When extended, the 


tmnspareiit biam*ht?s are smootli, but 
during contraction are thrown into trans- 
verse. folds, and acquire a relative iii- 
ciHMiso of tliickness. The canal is con- 
tinuous throiighont, except at the base of 
altiichmont in specimens of some age, 
where the stem is solid; in its interior 
is tlio axis-matt('r, — i.e., in JOhvenberg’s 
language, the muscle moving the stem. 
TJie animalcules borne on tlu) exlromi- 
tics of the branches are oval, soim^what 
contracted beJiiiid, and tnincato in front, 
wh(Tt» tliey are siiriiioiiiited by a thick 
tumid pin'istoni of vathc'i* less diameter 
than tliat of the body. I’lio rotary organ 
is .strikingly narrower, and protrudes 
little hey Olid the peristom : in the course 
both of the extension and retraction of 
the rotary disc a fold is produced, which 
gives the npptjaraiice of a double peri- 
stora. A \nae a^sophagns and digestive 
tube opens from the nioutli ; and near its 
postenor (‘xtremity is the contractile 
vcriclo. The nucleus resembles a short 
semicircular band, and lies across the 
body. The relative thickm^ss of tlie stmn 
is a reinarliahle (•haracter of lliis species, 
being one-half tliat of the animalcules it 
supports. Usual length of animals 1-380" 
to 1-270" ; width l-OoO” to 1-670". On 
Entomostraca, &c. 

Z. Piirasita (Stein). — Tree-like poly- 
paiy, very small, supporting few animal- 
cules: the latt(?r agree in figure wdtli 
those of Z. Arhuscula. Stein believes it 
identical Avith Citrcliesiiim pyymmim, 
Ehr., the latter being an incompletely- 
developed form. On Entomostraca and 
small aquatic Crustacea. 

We are indc^hted to Dr. Wright for a 
notice of the folloAving species 

2q2 
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dichotomam, — Stem very regularly dncal,resembling fruit of the caw ewa. 

dichotomous; pedicles long; zooids cylin- Z. plumomin (W right) nkeum. 


Genus SCYPHIDIA (Duj.). — Sessile, cup-shtiped, tapering at the base, 
covered with a reticulated integument. 

This genus is received both by Perty and Lachinann. The former notices 
three species, of which one, viz. Sc.jmtida, is new, the two others being Se, 
rhigens and Sc, pt/rifonnis, Lachmaun, on the contrary, although admitting 
the genus, rejects the species of Dujardin and Perty, “ as they have a short 
stem, and appear to be only particular states of pedunculate Vorticellina, in 
whicli the stem has not attained its usual length ; but on the other hand,” he 
continues, “ two other beings must be referred to it, both of which attach 
themselves to the naked parts of small freshwater mollnsca, and never form 
a stem, but which were often observed by me in process of di\dsion, and arc 
easily distinguished from other forms whicli are, like them, attached at first, 
by their posteriorly- truncated fonn, and a projecting pad at the margin of 
the hinder end.” 


ScYPiiiDTA rnr/osa. — Oblong, niaiked 
'with distant oblique deep stria}, looking 
like fuiTows. 1-566". In pond- water, 
amongst vegetable ddbris. To tliis gciins 
Dujardin would also attach the Vorticelhi 
rhigem and V, mclimm of Miiller, and 
possibly also the V. pi/nformis of the 
same author, under whic!]/ naivic Khr<*n- 
berg has described a l ariely of V. convnl- 
Uu'ia. 

Sc. pgrifonnis . — Gr(‘y, hyaline ; with 
no pedicle, or an extremely sJiort one ; 
constantly contracting itself. TJnconi- 
inon ; on Ci/clops^ (fee. I.ength, in- 
cluding stem, l-75iO" to l-tKK)". Is 
closely allied to Sc, ringcafi. 

Sc. patuln (Perty). — Widely cainpann- 
late; of a blnish-gi’cy colour ; stem half 
the length of the body. Length, with 
stem, 1-660". Uncommon, with Totu^ 
mogeton. 


VorliecUa hwutla (h^hv.) is probably 
another species, and identical with V, in- 
cUnnnSy which Dujardin numbers among 
the Scgp?iidi(f. 

iSc. limarinn (Lachmaun) = Vorticella 
Umneina ( INliill.) (xxix. .6). — Body nearly 
(wliiulricnl, tapering a little at each end, 
and annulated ; peristom narrow and not 
turned backwards; ciliary disc naiTow, 
and fiiriiish(?d with a projecting umbi- 
licus in the middle ; the posterior trim- 
(?ated surface provided with a thick pad- 
like margin. 1-240" to 1-860". laves 
on small species of Planorhis, 

•Sc. Phgsarnm (T-tachmami) is longer 
and more uniformly (wlindrical than the 
preceding, the peristom longer and often 
turned bacltAvards (everted), and the 
hinder margin thinner and sliorti^r. 
Lives on the naked parts of species of 
Phgsa, 


Genus URCEOLAKIA (Lamark and Duj.). — Body not ciliated throughout, 
contractile, varying in shape from hemispherical or discoid to globular ; sur- 
rounded by a plane margin fiingcd with a row of strong cilia planted 
obliquely, which makes a spiral turn inwards at the oral aperture, which is 
also situated on the margin. 

Vorticellina of different kinds have been mistaken for cxamiiles of this 
genus, and Ehrenberg has placed some of its members among the Trichodmije ; 
indeed the type of Urceolaria is the Triehodina Paliculus of Ehrenberg. 

•Many species of this genus arc parasitic on freshwatej' Mollusca and Zoo- 
phytes; but Miiller mentions some found by him in sea- water. 

There appear no sufficient grounds for instituting this genus when that 
of Triehodina is admitted, as it is by naturalists generally. 


URCF.OLARIA steUinass. Triehodina Pe- 
dicidm (Ehr.). 

U. dkeitmss Vorticella discina (M.). — 
Described by Muller as orbicular, hol- 
lowed out above, convex boncath . . . ; 


the border of the disc ciliated. In 
sea-water. Uncommon. Ehi'enborg has 
treated this foim as identical with Tr/- 
rhodina PediculnSf but,as Diijardin thinks, 
erroneously. Ilow'cver, it is impossible 
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accurately to decide what the being 
whi(’h Muller met with i?, from the ac- 
count he has left us. 

U. limacma. — Sessile, cylindrical, dia- 
phanous ; orifice truncated, with 2 or 4 
indistinct cilia (according to Muller), or, 
as we may presume, with a circlet of 
cilia around the margin of the wider ex- 
tremity, and a collection of cilia at the 
naiTower base, by which the animal at- 
taches itself. Parasitic on the tentacles 
of Jiulla and Planorhis, 


U. Diijardlnn^VorticeUn bursata and 
V. utriculata (Miill.). — Capsular or utri- 
cular ill shape, bellied posteriorly, cili- 
ated on the anterior margin. Miillor 
distinguished this being under two fonns, 
one of which ho described as having a 
projecting papilla at the centre of the 
anterior surface, capable of elongating it- 
self. In sen- water. 

These species of Miiller appear to us 
too indistinct to insist on ns independent 
forms. 


Genus CH^^TOSPIIIA (Lachmann) (XXXTX. 5, (i). — The surface gene- 
rally covered with cilia, like the genus Stentor, from which it is distin- 
guished by having that part of the parenchyma of the bod)" which bears 
the ciliary spiral and the anus (which in all the Stcntorinin lies on the dorsal 
surface of the body, close under the ciliary spiral, and not in a common pit 
with the mouth) drawn out into a thin process. This process is narrow 
and baciUar ; the series of cilia commences at its free extremity, and only 
forms a spiral when in action by the rolling-up of the lamina. Tlic process 
bears the anus. The animalcules inhabit a sheath or lube, of a mucilaginous 
or even horny density. “ It is possible that the free-swimming JStichotricha 
seennda of Porty, wliich he arranges with the Oxy trichinae, is ailied to Chce- 
toapira ; his figure, hoAvever, is very inexact, ami might perhaps represent a 
liOxodes or Amphileptus Fasciola ; and, as he docs not describe the position of 
the anus, which ho never figures, any more than the contractile vesicle and 
the nucleus, I do not venture to place his Stichotricha with the Stontorina^. 
If it should tiUTi out that it belongs to iliai fiunily, it must bo placed beside 
the analogous sboatli-inluibiting Chccstospira^ as a genus not inhaliiting a 
sheath.” 


CujRTOSPiUA 3Iiillen (xxix. 5, 0). — 
Slender. The first cil ia of the series upon 
the process are somewhat, but not re- 
markably loimer mid stronger than the 
rest ; when rolled up, the ciliated bacillar 
process forms mow^ than one turn of a 
spiral. 8heath Ihisk-shaped and horny, 
llithorto found only in the open cells of 
torn leaves of Lemnn tnscukay gi’owing 
in fresh water nccar I3(?rliii. 


Cm. mncicoln , — Kiiclosiiig tube mucous 
in i‘ousist(;nco ; animalcule shorten’ and 
more compressed; the rollcd-up ciliary 
process does not form a complete turn of 
a spiral ; the first cilia are eonsiderably 
larger than the rest, the lirst one espe- 
cially being nearly twice as long as most 
of the others. 


Genus (XENOMOIiPHA (Perty) (XXVIII. 27-30).— Small, hyaline, of a 
bell-like or hemisi)hcrical figiu’e, concave at its truncated base, which has an 
irregularly notched margin, and a tail-like process depending from it at its 
centre. Rim of the bell furnished with long cilia. Except in the absence of 
tho long tentacula, these beings, according to Porty ’s figures, have a general 
resemblance to minute campanulate Medtiscp . ; or, otherwise, they may bo 
likened to miniature parasols with fringed edges and a short handle. 

Pei-ty has placed this genus in his family Urccolarina, which is ecpiivalciit 
to that called Stentorina by Lachmann. But, to our mind, much doubt must 
attach to this assigned position, for not only is there a very gi*eat departure 
from the general form of every genus of Vorticellina, as Perty himself could 
not fail to remark ; but, from his figures, no characteristic, no internal organ- 
ization appears to establish the organic affinities of these curious beings. 
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CiENOMOiiPHA McdmuUt (xxvili. 27- 
30). — Colourless, transparent, with a 
small nuinber ol* internal vesicles and 
molecules. Lenf>:th, tofjcjther with the 


tail, 1-240" to 1-190". It swims actively 
and rotates on itself, undergoing various 
changes in outline. Some specimens ex- 
hibit folds of the surface. 


Genus SriKOCnONA (Stein) (XXX. 17-20, 27, 28).— Body naked, but 
having a firm corneous integument ; attached perpendicularly by its base, 
and (piitc motionless ; of an elongated, fiask-like shape, with an anterior, 
spirally-convolutcd, fuunel-Hke head or peiistom. rosteriorly it narrows to 
a small base, wliereby it is fixed either immediately or mediately by a very 
short pedicle. The infundihulifoim spiral peiistom surmounts a constricted 
portion or neck. The spiral lamina forming the peiistom teiminates abruptly 
l)olow, so as to leave a cleft, Avhich conducts to the mouth ; its upper portion 
is rolled around the longitudinid axis of the peiistom, and produces a solid 
central pivot. The innermost tiim of the lamina constitutes a funnel, which 
surmounts the whole i)cristom, and with the next (;oil forms wdiat Stein calls 
the ‘‘ spiral funnel,” whilst the lowest and widest spiral represents the true 
peiistom, homologous with the ciliary spii-al or peiistom of Vorticella, The 
latter is richly covered Avith cilia, which extend in less number to the second 
coil. Intemally, a digestive tube is seen to extend a considerable distance 
from the mouth, having a contractile vesicle placed near its termination. A 
large nucleus is seated near the middle of the animal, having a clear central 
space or nucleolus. Fission has not been witnessed ; but gemmm are fre- 
quently prodiKfod, wliich, under certain ciixmmstancos, become en(;ystcd, and, 
os Stein believes, undergo an Acinetiform metamorphosis (XXX. 21-28). 
Length 1-750" to 1-210"; breadth of lai'gcst 1-600". 


SpinocTiONA (jemmipara (xxx. 17-20). 
— The above description applies spe- 
cially to this fonn. Found on the ova- 
capsul(!s of Gammarus and other Ento- 
mostraca, in fresli water. 

Sp. ScJwutomi (xxx. 27, 28) agrees 
witli the foregoing in size and figure; 
but the pt*rislom is more simple, consist- 
ing of little more than a single coil of a 


wide lamina, and has, besides, a sones of 
stiff fibrous processes fringing it on one 
side. The internal face of the funnel is 
lined with cilia below. Foimd on Ento- 
niosiraca in brackish water near Am- 
sterdam by M. Schouten; they are at- 
tiiched to the long feathery bristles of 
the post-abdominal feet, and not to the 
ova-capsulcs, like S. yemmipara. 


FAIillLY IV.— OPHRYDIXA (VAGIXIFERA). 

(XXVII. 10-15; XXVIll. 18 20, 23; XXX. 29-35.) 

Loricated polygastric animalcules, solitaiy or aggregate, possessing a distinct 
alimentary canal, a separate mouth and discharging orifice, which approxi- 
mate and terminate in the same spot. In organization it resembles the 
family Vorticellina ; in fact, continues Ehrenbcrg, it includes true Vorticellai 
or Stentors, enclosed in a gelatinous, membranous, combustible lorica. Be- 
sides the usual frontal Avreath of cilia, there is in Oplirydium a second wreath 
placed posteriorly ; and Tintinnus has an elastic muscular stalk or tail. Al- 
though, as Ehrenbcrg tells us, the polygastric organs of nutrition can he 
demonstrated in all the tribe by using coloured food, it is only in Ophrydium 
that an tilimentary canal has been ^tinctly scon. Longitudinal division of 
the body takes place Avithin the lorica, Avliich continues unaffected. In 
Ophrydnim transverse division has been doubtfully affirmed. 

The genera arc disposed as follows : — 
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Forming Monad-clusters, through incomplete self-division of the lorica Ophrydiuin. 


Animalcules solitary, no 
sell-division of the lorica 


Body furnisheil with an elastic pedicle attached | 


Body stulklcss.. 


Lorica sialkless Vaginicola. 

Tjorica stalked Cothuriiia. 


f)f the gfcncra (jomposingf tliis family, Ophnjilinm is arranged by Dujnrdin 
willi tlio Urcc'olarinii, and Vnijhiicola with the A'^orticellina. This author 
wril(is — 

“ The sO-callcd lorica of Ophnjdia (Duj., or Ophnjdimn) is an amoridioiis 
gelatinous investment, unlike that of Vacfinicota, which is a truly resistant 
enveloping membrane. 'Die individual' beings in the gelatinous ball of 
Ophi'i/dia are elongated, cylindrical, or fusiform, and capable of vaiying their 
figure.” 

Further, Dujardiu includes Tintinmis and Corthxmila in the genus Va- 
(jhiicohi. 

Stein enumerates Thithmus among the genera of Khreiiberg’s Oidirydina, 
l)ut offers no account of it. Ho rejects the distinction, as docis Diijardin, 
between Viujhikola and Cothnrnid, and would transfer the whole of this 
family, so reduced, to oi’ticellina, udth which its momhers have the greatest 
similarity in organization. Forty adopts the the title Ophrydina, but com- 
prehends under it only the single genus Ojxhrijduim, Lachmann rejects 
Tintiunmimm the list. 

The characters laid down by Ehrenhcrg, of this fixmily, are very unsatis- 
factoiy. Its momhers cannot ht) said to he loricatcd in the same way as 
Colcpina or Fnplotina ; for in these the lorica consists of a thickened, closely- 
adherimt integument, whilst in Oplirydina the structure so called is a loose 
sheath, open at one extremity, which may in some he seen gradually excreted 
from and built up around the animalcule, which hist, moreover, has a distinct 
integutnent of its own. In the Ophrydina, therefore, it is rightly called a 
sheath, case, or tube. Ophrf/dmm, indeed, is exceptional ; for, tlioiigh it 
sccictos a large quantity of miico-gelatiiious substance, it never builds this 
up around it into a sheath, but merely sends into it a long, tapering, fibrous 
prolongation from its posterior extremity to sciairc a firm hold, whilst its 
i)ody projects freely from the mass (see Part I. p. 282). Moreover, it is 
this genus only that is aggregated, all the rest being solitary. These pecu- 
liarities may be held to justify Perty in erecting this genus into a family. 

The presence of numerous stomachs and of a distinct alimentary canal, it 
need only be said, arc details of organization rcijuircd by the hypothesis of 
Ehrenhcrg, and supposed in some instances to bo demonstrated by feeding 
with colouring matters. 

As F^hronborg rightly intimates, Ophrydina may be briefly defined as Vor- 
ticclliiia living in a sheath, instead of being supported on a pedicle. From 
this general definition Ophrydimn is necessarily excluded as an exceptional 
form ; and it becomes, therefore, a matter of regret that a family should bo 
named from a genus in no sort its true type. Perty has invented the name 
“ Yaginifcra ” for a family containing the two genera Vaymicola and Co- 
thurnin ; and it is certainly preferable to Ophiy’dina, whether Ophrydimn be 
comprehended in it or not. 

Genus OPHRYDIUM (XXX. 5, 6). — Lorica gelatinous ; animals clustered, 
in consequence of perfect self-division of the body, but imperfect of the 
lorica. This circumstance gives rise to very peculiar external appearances ; 
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for each body very frequently divides itself, the two portions separating 
entirely, — the gelatinous lorica forming only a separating wall. In this manner 
thousands and millions of connected animal-cells are quickly formed, appear- 
ing as gelatinous globular masses or balls. 

It is a misapprehension, on the part of Ehrenberg, of the actual pheeno- 
mena, when he states that the large gelatinous ball formed by the multipli- 
cation of Ophrydia is the result of impoifcct fission of the lorica ; for, as we 
have pointed out, the animalcules have no lorica or sheath in the sense 
Ehrenberg intended, but are merely attached by a sort of non- contractile 
stalk penetrating far in the interior, upon the surface of the gelatinous mass. 
When fully contracted, indeed, it is drawn down upon and slightly presses 
into the soft mass, raising this as a rim around it ; consequently it is also an 
error to say that the mass is composed of numberless little cells, seeing that 
nothing like a coll is constructed around the animalcules. Stein found within 
the interior of the gelatinous mass numerous intertwining and twisted fibres, 
which he concluded were vegetable parasites, probably of the family Lepto- 
mitae. Agardh and other botanisls have described the gelatinous balls of 
Ophrydiiim as a species of Nostochinem, under the name ot‘ Nostoc priini^ 
forme ; but this is a great mistake, for no cellular or proper vegetable struc- 
ture is present. 

Stein has added to the vaginated V^oriicellina, or the Ophrydina, the genus 
Lngenophrys \ and Dr. Wright {Edin, New FhiL Journ, the interesting 

genus T^ayotia, 


Ophrydium rvrsatHe {Trichoda itiquU 
Una et Vortivelln rersaliltsj M.) (xxiii. 5, 
G). — llody fuaifomi, tapering to a fine 
extremity from behind th(} middle, and 
anterior to it contracted into a cylin- 
drical neck, supporting a funnel-shaped 
head aunnounted by an annular peristom 
with a ciliated rotary disc. The mouth 
opens into a narrow and long ciliated 
oesophagus. The contractile vesicle is 
seated near its end ; the nucleus is long, 
narrow, and twisted. 'J’hc extenial sur- 
faces is thrown into close annular folds ; 
and usually three longitudinal plaits ex- 
tend from the posterior end as far as the 
middle of the body, which disappear 
when the body contracts. A subjjicent 
cortical lamina is evident, and, imbedded 
within this, numerous chlorophyll utri- 
cles, giving the animal a vivid green 
colour, when contracted, the body as- 
sumes tlie fomi of a long-necked flask, 
and even the nucleus shortens itself. 
In more complete contraction the figure 


becomes oval or globular. Fission is 
only longitudinal ; when an Ophrydium 
quits its hold after fissiou, it swims away 
by means of a temporarily dcvelopc^d 
posterior wreath of cilia, j list like a r o/*- 
tire/la. It is found encysted, and, Stein 
believes, in an Acinotifonii phase (xxx. 
7, 8). Vividly green, and associated in 
smooth and globular clusters or masses, 
which vary in size from a pea to a ball 
five iuches in diameter ; they are eithiir 
free or attached, hlhrenberg states tliat, 
ill May 1837, he saw hundreds of clusters 
as large as the fist, which, by the evolu- 
tion of gas, were at intervals elevated to 
the surface, and driven by the wind to 
the edge of the water. In sea- water; 
also found by llrightwell in fresh water, 
i and in a small turf-pit, upon tendrils of 
■ roots of marsh-plants, and the stalks of 
i the wliite water-lily. Length of single 
I animalcule stretched out, 1-120” to 
1-90”. 


Genus TINTINNUS. — Ophrydina which possess divisibility of the body, 
hut not of the urceolatc lorica ; the body is attached to the interior of the 
sheath by a flexible pedicle (somewhat similar to the clapper of a bell) ; the 
mouth serves both as a receiving and discharging orifice ; stomach-cells and 
traces of a yellowish ova-cluster are more or less visible ; self-division was 
known to I^liillcr. 

TIntinnus, as before noted, is a genus not admitted by Dujardin ; Perty 
likewise i^ores it ; and Lachmann (A. N, //. 1857, p. 119) feels the necessity 
of excluding it from Vorticellina (using this term in a wider sense, so as to 
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include Ophrydina), since it is ciliated all round, and differs greatly from them 
in the form of its alimentary apparatus. Moreover, a species inhabiting a 
gelatinous sheath occurs in the freshwater ponds in the Tliiergarten at Berlin. 


Tintinnus inquilinus. — Hyaline or 
Yellowish ; lorica cylindrical, gloss-like, 
boll-shaped. 1-670", with stalk 1-240". 
Ill sea-Avatcr, on Algfe. 

T. mhidattis ( Vorticelki vafflnataj M.). — 
Hyaline ; sheath conical, with a posterior 
siibulate elongation. Ehveiiberg observes 
tliat, if this elongation of the lorica were 
called a stalk, wo slioidd recpiire a new 
generic name for the animalcule. Length 
of lorica 1-90". 

Cothurma. — Hyaline* ; sheath cylin- 


drical, hyaline, indistinctly annidar : ra- 
ther attenuate and tnmeate posteriorly. 
1-440". In the Baltic. 

T. Campanula. — Hyaline ; sheath widely 
campanulate, dilated in front, pointed 
behind. 1-290". In Noi*th Sea and 
Baltic. 

T. (lenticulatus. — Sheatli cylindrical, 
hyalint*, sculptured with oblique rows of 
dots, front margin acutely dt>ntate ; pos- 
terior extremity pointed. 1-220". In 
the North Sea. " 


Genus VAGINICOLA (XXVII. 10, 11 ; XXVITl. 18, 19).— Neither the 
body nor tlio lorica stalked ; a wreath of cilia surrounds the truncated front 
portion, within which is the orifice or mouth, 'fhe polygastric apparatus, 
the passage of the food onwards, its return, and the exit of the refuse near 
the mouth, and coloured ova-granules, are mentioned by Ehrenberg. In- 
crease by longitudinal self-division of the body (not of the lorica) has been 
seen in all the species. 

To the above account must be addc<l, according to Stein s observations, 
that the body of Vatfinicola has in fi-oiit a ptn’istoin, Irom out of which a 
“ rotary apparatus ” protnuh^s, consisting of a ciliated disc, supported on a 
stout stem or pedicle, just like that of Vorih-elUt. A mouth opens on one 
side of the disc, and leads into an (esophagus ; but no i)olygastric structiiro, as 
surmised by Ehrenberg, is risible, ulthongh niimeroiLs alimtuilary vacuoles 
are - usually ])resciit. Ova-granulcs, again, are nnu'cly liypotbeticul, and, as 
in other Infusoria, whore mentioned by Elirenbeig, represent particles of 
various kinds, but mostly colourc'd granules. In ii new sp(‘ci(‘s noted by 
Dr. Wright, the tubular sheath has a peculiar sirueturo in the form of a 
vrdvc, which elo.scs over the animalcule when it retreats to the bottom of its 
case (XXVIII. 18, 19). 

In all the particailars of iiitornal organization, Vmjuucola resembles Vorti- 
Mia. Bropagation by fission and gemmation is very distinct; by the former 
process more common (XXV 11. 10, 11). The development of the bud takes 
pla('e from the base of the i)arent, and within its sheath. The young being, 
I)rodii(*ed by either ])rocess, is furnished, as in Vorticella, with a posterior 
wreath of cilia, whilst it is endowed with free locomotion (XXVII. 11). It 
frecpicntly happens, as represented in the last-quoted figure, that the young 
being assumes on iis formation a contracted ovoid form, with its frontal wreath 
retracted. Upon the appearance of the posterior whorl of cilia, and aided by 
its moveuients, the animal loosens itself, escapes from the parent-ease, and 
swims freely away, elongating itself, it may he, if previously contracted, and 
assuming finally all the character.s of a periect Viujinicoluy by developing 
around it its own si)ccial sheath. 

On the other hand, the contracted individual may become actually encased 
within its integument (in other words, encysted), and, as Stein believes, 
may thereupon assume all the characters of an Acinetay and eventually give 
birth to a ciliated embryo (XXVII. 11-15). This motumoiqdiosia, however, 
is not generally accepted. The specific characters in this genus arc for the 
most part deduced from the figure and dimensions of the external sheath or 
lorica (Ehr.), and must, therefore, as Stein points out, be admitted with much 
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reservation ; for tins envelope changes greatly in figure, in size, and structure, 
according to the ago and the different vital conditions under wliich the animal 
lives. Stein met with one example in which a short pedicle attached the 
V(ujhilc()la erystaUina to the bottom of its sheath : indeed he does not admit 
CoSiurnia and Vaylnicola to be generically distinct; for the stems supporting 
the sheath of the former arc, he saj-s, not generally longer than those belong- 
ing to young Vayhimiilce. In this point therefore ho agrees with Dujardin. 

We have obseiwed how close the resemblance is between Vorticella and 
Vayhikola ; on the other hand, the x)oints of scjiaration are found in the 
absence of a pedicle in the latter, which is fixed to the bottom of a sheath by 
its posterior extremity, its anterior remaining free, and its whole body 
capable of extension or retraction within the orifice of its case, liastly, the 
figure of the body is much more elongated in Vayinieofa than in Vorticella. 


Vaoinicola erystaUina ( Vortiedla 
stentorea et Trichmla inycnitay M.) (xx vii. 
10, 11). — Sheath crystalline, straight, 
})it(rher-shaped, slightly contracted near 
the open end ; gran ales green. Length 
of lorica 1-210". TJx)oii Lenina^ &c. 

V. tincta. — Sli(>ath brownish-yellow, 
iirc(Hdat(?, and iK'urly cvlindihral ; body 
liynline. Ijongth of lorica 1-280". ITpoh 
Zyynvnia devi ni nm. 

V. derinnhens. — Slieath brownish yel- 
low, oval and coni pressed, decAinibent on 
one side, wliich is flattened ; the body 
hyaline. Length of lorica 1-280". 

Stein corr(!cts this description by j 
stating that tlm oval plaiio-con vex shcatli 1 
has not a simple crescentic opening, 
but is contract(‘d so as to form a short 
tnbnlar neck, or projecting proc(*ss, with 
a transversely oval 'or rcniifovm inoiith. 
It has conseqiK'ntly tluj closest re.sem- 
blaniMi to the sheath of Layenojdirys Am- 
pulla ; but its orifice is rigid, and not con- 
tractile ns in the latter, and, further, 
the aniinalcnle is not affixed to its mar- 
gin, but to the bottom. On Lemnuy 
Zyynemay &c. 

V. ralvatn (Wright) (xxviii. 18, 10). 
— Listinguished from V. erystaUina by 
the remarkabh? valve existing in its case 
or sheath — which closes, in an inclined 
position, ov(ir tin; animal when it retreats 
to the bottom of its ciuse ; by the body 
being colourless, without the green glo- 
bules s(Mm in V, erystaUina ; and by being 
an inhabitant of sea- water instead of 
fresh. Plentiful on zoophytes and sea- 
wccjds. 

V. vayinata. — Under the name Vorti- 
eella vayinata, INIiiller described a Vayi- 
nicola found in the Baltic, having a deli- 
cate pedicle as long as the body, which 
is supported by it, at the upper end of a 
sheath six times longer than itself, into 
the orifico of which it can xvith difficulty 
enter. 


V. peduneulata (Eichwald). — Body 
attached to the bottom of the sheath by 
a short stem, 'fliis presumed species is 
actually nothing more than a variiity of 
P. erystaUina, as 8 Lein has sho\vn. 

V. Ampulla . — Midler described this as 
larger than most aiiiniMlcules, as dwelling 
in a botlle-shapod sheath, as very con- 
tractile, grey, and soft, and as occupying 
various positions within the case. Pound 
in the Baltic, and, by Mr. Briglitwell, at 
Lowestoft. Dr. Wright (JKdin. Phil. Journ, 
1858, p. 5) says it has a bilobed ciliated 
organ, and so far resembles Layotia. 

V.ocata (Dnj.).— Body of a lengtluaied 
ovoid ligure, placnal in a"u iirceolatti case. 
Length of body 1-1000", of case 1-550". 
Apparently distinct from V. erystaUina, 
On Zyynvma in pond-water. 

V. P (Briglitwell) (xii. 70). — 

Body double, of a green colour. Pro- 
bably undescribed. On duck-weed and 
other small aquatic plants. It is doubt- 
ful whether this being is other than a 
Vayinieola in process of spontaneous 
fission. 

V. yrandis (Perty). — Sheath cylindri- 
cal. Animals with a circular ciliated 
opening. Length of lube 1-108", of the 
extended animal 1-8-4". Stein considers 
this species a mere variety of V. <?;•?/- 
stallina ; but besides differing from it in 
size, it do(?s so also in the figure of its 
sheath, which is not rounded below, but 
abruptly ti’uncate, and not naiTower 
above, but rather wider. Animalcules 
hyaline, often filled with spoTOzoids and 
chlorophyll granules; when contracted 
it does not occupy more than a third of 
the tubular sheath. Among water-plants. 
Uncommon. 

The figure of this species presented by 
Perty is very rude, conveying not the 
slightest conception of the details of 
external structure or of internal organ- 
ization. 
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Genus COTHTJll^riA (XXX. 12-10). — Lorica (sheath) urcooUito, and sup- 
ported on a rigid pedicle. A wreath of cilia is placed ui)on the flat frontal 
region ; and the mouth, with the anal opening, lies on one side, within the 
vestibiUum. The body is contractile, and can withdraw itself witliin the 
stiff sheath ; fission longitudinal. 

It is unnecessary to enlarge on the structural details of this genus, inas- 
much as they are in all particulars like those of VayuiicoUi, from which it is 
separated only by its sheath being stalked. 


(^OTHITHNIA imherhis ( VortieeUa foUi- 
culuta, M.). — Pedicle mostly bent and 
much shorter than tin*- slieath, which 
lias, when old, a 3 HdlowiKh colour. 
Slieath tubular, narrowed anteriorly, 
without an everted margin. Even wlnui 
outstretched, the animal (jxtiuids little 
beyond the mouth of the sluiath; its 
peristom is scarcely appreciably thick- 
ened, and not eviu-ted at all \ it is evi- 
deutl^' ciliated, 'fhe disc of the simple 
rotary organ is level on its surface, and 
scarcely rises above tlu^ slu'atli. Diges- 
tive tube long and narrow, extends be- 
yond tlio centre of the body, and near 
its coinmenceuK'iit has frtnii 3 to I long 
cilia. Near to it, on one side, is a round 
contraetile vesicle, and on the other a 
short, band-liko uncleiis, almost straight 
or slightly reniform in ligure. Loiigi- 
tudiiinl tission frequently observed, and 
sullieiently ol’teh the process of gemma- 
tion at the base. Length of sheath 1-288” 
to 1-240”. 

Ijhrenberg remarks, This animalcule 
had often swallowed grcicn ^lonads, and 
3 "et acceptetl indigo. TrichmUna vorax 
is th(j enemy of this spe(?ies.'’ Upon 
Cyclops (iHudricornis, Length of sheath 
1-280”. 

C. maritima. — I*edicle much shorter 
than the hyaline sheath ; body hyaline 
and whitish". Lcuigth of sheath 1-570". 

C. maritima is v(uy closely allied to 
Vmfmicola cnjstallhui : not the least dif- 
ference betw(;en the animals them§clves 
is perceptibh?, and the figure of the 
sheath is the same, — the only essential 
ditfermico being that in the Cothurma 
the sheath is supported on a thin, solid 
8tt*m, 1-48” to 1-30” ill diameter and 
of a length equal to its own. 

C. Ilarnimsis. — I’edielo much longer 
than the hyaline slieath ; body whitish. 
Length without stalk 1-280”. 

G. Sicholdii (Stein) (xxx. 13, 14). — 
Sheath stalked ; stalk short, thick, colour- 
less, transversely and deeply wrinkled, 
and thickened at its junction with the 
sheath. The last is campanulate, strongly 
compressed in front, dilated and bellieJl 
out posteriorly, especially on the dorsal 


aspect, 'fhe two aiiglos in front are ex- 
tend(;d upwards and outwards, but at tlie 
same time curved inwards at their ex- 
tremities as two horns. The walla of 
the slieath are at lirst soft, colourless, 
and hyaliiui, but subsequently becouio 
yellow and haitlieiy, and at last of a 
more or less ileep rusty brown colour, 
and of a (;onieous consistence. Tlio 
colourless and, with reference to the 
sheath, smnll contained animal is cylin- 
drical in ligure, coiitract(*d behind, and 
veiy similai* to that of yuffinivola crysttd- 
Una. Its peristom forms an auiiular 
tliick borihu’, and is besot with few cilia. 
The digestive; tube, which extends to 
nearl}" tin; centre of the body, luis dost; 
to it tin; contraetile vt^siele, and a Httlo 
flirt lier behind, tlu; thick, sliort band-like 
and sem iei re II lar nucleus, visible without 
tin; use of chemical reagents. Multipli- 
cation takes place by longitudinal fission. 
Ijongth of largest sheaths 1-100”. On 
the limbs and other parts of Entomos- 
traca; very abiiiidaiitly. 

C. AsUtci (Stein) (xxx. 15). — Sheath 
supported on a short, wrinkled, thick 
pedicle; having itself a tiihiilar figure, 
rather contracted at the middle, and its 
border wideiii'd and everted, whilst its 
posterior half is sliglilly veiitricose and 
rounded at its extremity. Its consist- 
(;iice is leathery or homy wlien old ; it 
is transparent and of a pale yellow colour, 
but never a nisty brown. When fully 
outstr(;tclicd, the animal protrudes a con- 
siderable distance beyond tlie mouth of 
the sheatli, diflering in this respect, oa 
well as by its thick annular peristom and 
its cylindrical outline, from Cothurnia 
imherbis. The digestive tube attains the 
iniddlo of the animal, is very narrow, 
and lias both the contractile vesicle 
and the short hand-like nucl(;ns placed 
near its tenniiiation. Eission is longi- 
tudinal. 

Old specimens attain a height of 
1-288”, and a width of 1-(K)0”. Also 
found on Entoinostraca. It is very closely 
allied to C. imherhh\ hut, besides the 
diflerences noted between the animal- 
cules, the stem of the latter is relatively 
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thinner, the posteiior extremity of the 
sheath pointed, and the anterior con- 
tracted. 

C. curva (Stein) (xxx. 12) resembles 
jreneridly a contorted specimen of C. 
Astaci’y but old specimens have rusty- 
red-coloiired sheaths. The pedicle of 
the sheath is always curved ; the anterior 
third of the sheath is bent outwards, and 
the posterior Indf ventricose, particularly 
on the dorsal surface. The htmding to 
one side causes the mouth of the sheath 
to be oblique. The contained animal- 
cule agrees generally with that of the 
two preceding species. Length of sheath 
1-860". Upon the ova-lappets of Euto- 
mostraca. 

Stein doubts the independence of this 
species; for, besides being impeiTectly 
ooserved by Elivejiberg, it is exceptional 


in the animalcule not being fixed at the 
bottom of the sheath. 

C. Pupa (Eichwald). 

G.perlepida ( Bailey). — Apex of sheath 
attenuated, slightly curved ; surface en- 
tirely covered with spirally decussating 
rows of hexagonal cells ; orince crenulate. 
Contained aiiimal unknown. St. George’s 
Bank and New Haven Harbour, New 
York. 

C. Fhsmlaria (IVrty). — Hyaline ; the 
cilia of frontal segment collected in two 
groups, recalling thereby the aspect of 
the ciliary apparatus of a Floscularia. 
Sheath of the sainci form ns that of C. tm- 
berhis, Tlie animal lives much in a con- 
tracted state within its sheath, and ex- 
tends itself very slowly : on the contrary, 
the act of contraction is rapid. 1-260". 
Among CaIlUrich(f‘. 


Genus LAGENOPIIllYS (Stein) (XXX. 29-86).— Sheathed VorticcUina, 
differing especially from Cothuniia and Vaginicola by the zooids being at- 
tached to the circumference of the mouth of the sheath, and freely deptmdent 
from it, instead of being aflixed to the bottom ns in those genera. The 
sheath itself is Anthout pedicle, and adheres to foreign bodies by one side, as 
does that of Vaginicola decumhensi this side is flattened, and maybe referred 
to ns the abdominal surhxoe. Tlic opposite side, or the back, is strongly 
vaulted. The mouth of the sheath is very much narrowed, and furnished with 
a prominent, flexible, double lip, which can be closed when the contained ani- 
malcule contracts itself. This last is closely adherent by its peristom Avithin 
the margin of the orifice of the sheath, and lias generally the same figure 
as the sheath, but not the same dimensions ; hence it lies loosely Avithin it. 
Tlie mouth of the .sheath and the peristom arc of ecpial diameter ; and through 
them a long stalked rotary organ projects, terminated by a circular ciliary 
disc. When the animal contracts, the rotaiy apparatus is withdraAvn, the 
peristom closes like a siihinctcr, and the two-lipped mouth of the sheath by 
its closure completes the security of the AAdiole being. Uojiroduction takes 
place by oblique fission and by gemmation. 


LAOENOPunYS vaginicola (xxx. 20- 
86). — 8heath ohmgated cordate ; in the 
centre of its broader and truncate end is 
the circular onfice, having two .semi- 
circular, prominent, valvular processes, 
which collapse together when the con- 
tained animalcule contracts itself. 1’he 
contracted posterior extremity has a veiy 
thick wall. The enclo.sed animal is ovate, 
and? adherent by its narrow peri.stom to 
the orifice of the sheath, and leav(is a 
large interspace posteriorly between itself 
and the enclosing Avail of its sheath, ex- 
cept when it retracts itself. The young 
formed by gemmation, as well as the 
products of fission, can escape only when 
the parent being loosens its attachment 
from the aperture of the sheath, and so 
furnishes an outlet. The medium length 


of sheath is 1-.380" ; flic gi’eatest widtli 
1-640". On Cgclopsina staph glina. 

L. .Ampulla. — Sheath re,sembles a 

f llano-convex circular huis, I'xcept in 
laving an anterior projecting everted 
rim around the oral orifice. The ani- 
malcule lias the same figure as the 
sheath, and an internal organization like 
that of the preceding spi*cies. Diameter 
from 1-480" to 1-360". On aquatic 
animals, Entomostraca, and the like. 

L. Nassa , — Very similar in figure and 
size to L. Amputlay but has a different 
profile or lateral outline. The sheath, 
although nearly spherical, is plano- 
convex, somewhat truncate in front, and 
emarginatc on the upper surface, os is 
best seen in profile. Tne mouth of the 
sheath is prolonged as a cylindrical, two- 
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lipped process, capable of beiiiff retracted, occurs on Gammanis and other aquatic 
Is more rare than L, AtnpuUa,h\xt, like it, animals. 


Genus LAGOTIA (Wright) (XXVIII. 20-23 ; XXXI. 7, 8).— Sheath or 
case retort-shaped, with* a cylindrical neck, plain or annulatcd ; colourless, 
yellowish, or dark green ; body long, cylindrical, attached by its posterior 
end to the bottom of the ciisc, terminated anteriorly by a forked (furcate) 
head, or two long, flattened ciliated processes, between which is the opening 
of the oral cavity, which extends backward into the body as a tapering 
ossophagus, ciliated on its free surface. The green colour of the body in 
L. viridis is not due to dispersed globules, but to a staining of the sarcodc 
itself. Longitudinal fission has not been seen ; but development by a free 
ciliated embryo, very unlike the parent, has been observed in L, producUi. 


Lagotia viridU (xxviii. 20-23). — 
Case resembles a flask or amphora Ijing 
on its side, having the nock bent more 
or less sharply upwards, and dilated into 
a trumpet-shaped mouth. Its colour is 
dark sea-green, in tin; larger specimens 
nearly opnke. Aninnihiule green, cylin- 
drical; its ciliated organ, wht;n seen in 
front and (;rect (f. 23), appears like a 
narrow hoi\sesho<i ; Avhilst from tiie side 
(f. 21) tlie anterior extremity of the ani- 
malcule bears a resemblance to the head 
and ears of a hare — a likeness increjxsed 
by the wagging movements of tins long 
processes. In young specimens the lobes 
of the furcate process are blunt and 
short, and the ciliary band, along which 
the cilia are aiTanged, is placed at a little 
distance from their margin (f. 20), instead 
of being close to it (f. 22 ). Plentiful on 
marine shells and Algie, Firth of Forth 
and Tynemouth. Fnibryonic develop- 
ment has been detected by Dr. Wright 
in this species. 

L. hyalina , — Golourless ; lobes of cili- 
ated organ wider and bluntin- than those 
of L. viridis ; cell buried in the substance 
of the shell oi Alvyonidinm hivstdftmyimA 
therefore not seen. Granton and (iiieens- 
ferry. 


L. atro-pnrpurea . — Colour of animal 
that of a mixtiirfi of ink and water. Cell 
yellowisJi-brown. Probably a variety in 
colour of Z. viridis, with which it was 
found. 

L. prodneta (xxxi. 7-13) (Dr. Wright 
in lit .). — Neck of sheath excoiMlingl}'^ pro- 
longed, anniihited ; sheath of a pale yel- 
low-brown colour. Animalcule (zooid) 
two or three times the length of the 
sheath, attenuated ; ciliat(!d lobes erect, 
divergent, and recurved at tips ; colour 
of zooid deep blackish green. 

Dr. Wright observed the development 
in this sptjcies of ciliated embryos, which, 
after passing through the stages seen in 
figs. 9 and 11 (xxxi.), and caiTving on 
an active existenccj as free ciliated ani- 
malcules, form an attuchnnmt to some 
surface and proecu'd to (hivelope a sheath 
ainl th(j (characteristic ciliary lobes. The 
transfonnation from ciliated embryos to 
iMijolica transpired in the (bourse of a 
night, — the sheath even, during that 
time, being completed with its rings. The 
abov(i fact constitutes an interesting ad- 
dition to the illustrations of embryonic 
dev(‘lopment among CMliata, quoted in 
the section on that subject (p. 3o3). 


FAMILY V.— ENCHELIA. 


Animalcules having a distinct alimentary canal, with an oral and an anal 
orifice at the opposite ends of the body ; without lorica. Locomotion eflbcted 
by vibratilc cilia in all the genera except three, viz. Actimphrys, Triclio- 
discus, and Podophrya, in which it is performed by slow-moving feelers (ten- 
tacles). In aU but these exceptional genera, organs of nutrition have been 
demonstrated by the employment of coloured food ; but only in one has the 
entire course of an alimentary canal been traced, though in most its transit 
through the body is indicated by its discharge thrcnigh the posterior outlet. 
Ehrenberg states that the iiolygastric structure is to be seen in all the g(?ncra 
except the Arabian genus Disonui. A nucleus and vesicle arc generally present. 
Complete self-division, both longitudinal and transverse, has been observed ; 
but not gemmation. The most curious animalcules among them arc the 
double-bodied Disomu and the tccth-bearing Prorodon. 
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The genera arc distributed as follows : — 




Surface of 
body desti- 
tute of vi- 
brntile 
cilia 


Direct 
truncated 
mouth 
(no lip) . . . 


Oblique 
trmicated 
mouth 
( (with lip) 


/'Vibratilc 
cilia at the 
moutli . . . 


Bay-likc 
tentacula 
not ^^bra- 1 
( tile 


No neck ... 
With neck 


Body simple 
Body double 


Stalkleas 


Stalked 


The body co- 1 
vered with rays J 

Buys at the edge 


^!ody^ wiuf 1 Oblique truncated mouth, with lip . 
cilk^^'^° I direct truncated mouth, no lip .... 

Teeth present 


■Knehelys. 

Disoma. 

Actinophrys. 

Trichodiscus. 

Podophrya. 

Trichoda. 

Laerymaria. 

Lcucoidirys. 

IFolophrya. 

Prorodoii. 


In the arrangement of Diijardin, and under his fourth order — comprehend- 
ing “ ciliated Infusoria without a contractile integument, and with or without 
a mouth ” — a family liaving a similar name, Enchelina (Enchclyens, so- 
called after a genus* is instituted. But, most unfortunately for 
science, this family and tliis genus, with respect to the animalcules they 
include, in no way correspond with the similarly-named family and genus 
of Ehrcnberg. Tliis is remarked by Diijardin himself ; and he adds, with 
reference to the genus Fjiiclielys (Ehr.), that, in the whole course of his ob- 
servations, ho never met with any’ Infusoria bearing the characters attributed 
by^ Ehrenbcrg to that genus, and he is led to conclude that the beings intended 
are Pammecia with a tci'minal mouth, or else Bursar iw imperfectly’ examined, 
and the cilia of the surface overlooked. 

The family Euclielinii is thus briefly’ characterized by Diijardin : — “ Animals 
partially or entirely covered with cilia, dispersed over the surface irregularly ; 
mouth w anting.” 

The family Cyclidina (Ehr.) seems, indeed, much more nearly allied to the 
Enchehjs of Dujardin ; but its characters, as given by Ehrcnberg, are not 
sufficiently definite to attempt an identification. 

Stein severely blames Dujardin for the transposition of generic names he 
has been guilty of in the case of this genus and CyclhUum ; fur, as he justly 
observes, it is a proceeding productive of confusioji and error. The Enchehjs 
nodulosa, he adds, is the Cycliduim Glaucoma (hlhr.), and scarcely distin- 
guishable from E, (l)uj,). Acomia Ovultim seems nothing else than 

CycVidmm GlaiiCAmia, and Uronema marina another closely’-allied form, and, 
like Okiuconm itself, the embryo of some other animalcide. The three 
reniaining species of EncJielys enumerated by the French w’riter, viz. E. cor- 
ruyata, E, s^ihanyulatd, and E. ovata, are so imperfectly obseiwed as to be 
worthless, and their union in the same genus with Glaucoma quite unwar- 
rantable. 

Yet, if Dujardin has proceeded very incautiously in rejecting the En- 
chelia of Ehrcnberg and in redistributing its genera, no apologist of the 
Berlin naturalist would contend that it should be left as it is; for every 
person having any acquaintance wdth the beings brought together as En- 
chclia wdll be stnick wdth their heterogeneous characters. Actinophrys, 
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Trichodiscus, and Podophrya belong evidently to a tj^pe of beings altogether 
difterent from the ciliated animalcules included in the family ; and we have 
consequently treated them ns an entirely separate group from the ciliat(id 
Trotozoa in our general history, and have like^visc, in the i)rescnt portion 
of the work, given their systematic descriptions apart. The genus Disoma 
is a very doubtful member of this family, and is even marked as such by 
Ehrcnberg, who had very imperfectly examined it. 

The family Enchelia does not enter into the system of Perty, who disperses 
its members among ditferent families according to his appreciation of their 
several affinities. Among the rest, his family “ Ta 2 )mia’’ includes some species 
of Leucojphrys of Ehrenberg and the genus Acorn i a of Dujardin, along with 
several newly-constnictcd genera, the account of which will be annexed to 
this present grou^). 

The Family Tapinia” is thus characterized: — 

“ Cilia scattered at large, or collected in groups, but not arranged in rows. 
Animals mostly very small. Mouth not apparent, but its presence revealed 
by the admission of food.” This group includes the gem'ra Acropisthhini, 
Acomia, Trichoda (T)uj.), Leucophrys (Khr. ?), CycUdinm, Bceonidium, Opis- 
thiotricJui, SlayontJicri urn , and MeyatneJui, 

Another allied family, called “ Apionidina,” contains a species of Leuco- 
phrys (Ehr.). Perty assigns it the following characters : — Family Apioni- 
lina; Body small, soft, thicker at one end than the other; cilia in longi- 
tudinal rows ; mouth, where visible, situated at the anterior end.” I'he genera 
comprised are Ptyxidiurn, CoJohidimn^ and Apionidinm. The first-named 
g(jnus has, as its ty 2 )e, the Leucopthrys jyyrifonnis (Ehr.); but the other two 
arc advanced as new genera, founded on newly-observed beings. 

Both in this family (Apionidina) arid in that of Tainnia, several sup])Osed 
now genera are established by Perty, which, to render our compendium com- 
iriete, we are bound to notice and describe, although we regret to record such 
a multitude of genera and namevs, as we feel highly doubtful of their claim to 
consideration as independent beings. 

Genus ENCnKLYS (XXYIII. G4, 72, 73). — Vibratilo cilia upon surface 
wanting ; mouth terminal, tnmeated (direct, not obli(pio), devoid of tccitli ; 
surrounded by a wreath of cilia. An (rsojdiagus is not seen except during 
the passage of food. An anus is found in all, and in E, Farcimen a contractile 
bladder. Self-division is transverse and complete. 

llnjardin defines liis genus Enchelys as having a (ylindrical, oblong, or ovoid 
body, covered ’with erect uniform cilia, irregularly disi)osed. 

Cohn (Siebold’s Zeitsclir. 1S51, B. iii. j)* 273) treats this genus as synonj^- 
mous with Encliehjs (Duj.), and believes that sevcri'il of its assignea s 2 )ecies 
are not independent animalcules, but embryos of Loxodes, 0,vytncha, and 
allied genera. 

l^NCHKLYS Pupa (M.) (xxviii. 72, 73). more CA'liiidricnl and sloiirler than tin? 
— Turgid, club-shaped, atteiiufited an- preceding ; granules wliitish. Tbt\so 
teriorly ; filled with greenish vesicles, or creature's prey on otlier aninialcides 
only with molecules ; neither a nucleus nearly ns large as themselves, which 
nor a vesicle could bo found by Ehren- they devour entire; this will account 
berg. Ehrenberg has figured (in liis for the vari(?ty of forms wiiich they 
large work of 1838) the presumed form assume, and wliicii recpiiro an obstuweV 
of the polygastric nutritive system of to be very wntehful and cautions before 
this species separately, stating it to be he can pronounce on the identity of a 
remarkably distinct. C^oinmon in stag- species. Plhrenberg, by patient obser- 
nant bog-water. 1-1 if)”. vation, saw one iiidividual undergo a 

E. Farcimm (E. Farvimen et Vibrio in- great variety of forms in tlie nfrt of 
M.)(xxviii. (i4,u-/.;). — Smaller, swallowing a young Kolpoda ChcuUus; 
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illustrated in fig. 04, a-k. In stagnant 
water. 1-430". 

E. infuacata. — Oval or spherical ; 
whitish ; mouth not prominent, encircled 
by a brownish ring. When fed with 
indigo, num(irous vacuoles become filled. 
In bog-water. 1-280" to 1-240". 

E. nehuhsa (M.). — Ovate, hyaline; 


mouth projecting. This species receives 
eaiminc and indi;?o very readily. 1-230" 
to 1-570". 

E, nodulosa (Duj.) = Glau~ 

cmna (Ehr.). E. tri^uetra (Oiij.) is a 
mere accidental vanety of the same 
animalcule. 


Genus DISOMA (?). — Body double, destitute of cilia ; oral extremity 
tnmeated (direct) ; mouth ciliated, devoid of teeth. Within the bodies 
numerous little vesicular cells (stomachs) arc observed, and the discharge of 
excrement may be seen to take place at the posterior extri'inity of each body. 

As already noticed, this is a very imperfect ly-exa.nuiu‘d and doubtful 
genus. The being described may be interpreted as one undergoing longitu- 
dinal fission ; but there is no one character given, ade(]uate to determine to 
what family of animalcules it would be referable. 


Disoma vacilktm consists of two 
clavate and filiform coi-pusclcis, hyaline, 
and attenuated at the anterior extremity. 
Ehrenberg remarks, Both bodies fre- 
quently swam parallel beside each other, 
and turned on their long axis, moving 


onwards quickly, though in a vacillating 
manner; sometimes both bodies gaped 
widely apart from each other, but ne\ei‘ 
so wi’dtdy as to form a straiglit line. 
1-380". ‘ On Mount Sinai, Arabia. 


Genus TllICllODA. — Body devoid (?) of hairs or cilia; without a con- 
striction or neck ; mouth obliquely tnmeated, destitute of teeth, but pro- 
vided with vibratile cilia, and a lip. Coloured food is received ; tlie anal 
orifice is at the posterior extremity. 'The oblicpic direction of the mouth 
gives rise to a voiy^ cluiriujteiistic upper-lip-liko proj(u*tion. In T. Pifvwn 
only has self-division been observed. All the spceics are colourless. 

In the system of Dujardin there is both a family Tricliodina and a genus 
Trichoda. Speaking of the relations beiw’cen them and the genus T'richoda 
of Ehrenberg, he observes : M. Ehrenberg has jdaced in his family Enchelia 
a genus Trichoda, which in part corresponds with ours ; and he lias, besides, 
dispersed among Leucojdirifs, EncJielt/s, TravlieUm, Lo^vodca, &c., many Infu- 
soria which we have brought together in this family (viz. Tricliodina) ; but, 
unlike him, we are unable to see their digestive organs.” 

The Tricliodina tire soft, variable, flexible animalcules, ciliated, and have 
either an evident mouth, or one indicated by a vaiying arrangement of longer 
cilia. Dujardin would lla^'c it understood that this family is only provisional ; 
to comufisc a tribe of animals intermediate in organization between the 
Enchclina — the most simple of ciliated — and tlie Keronina, wliich conduct to 
the highest forms of infusorial life, having defined mouths, and an armature 
of stj'les, hooks, &c. The genera included by Dujardin in this family are 
Trichoda, 2'racheUm, Adntria, Peledda, and Ddeptus ; the last two having a 
higher grade of organization. The first-named is thus described : — 

Genus Trichoda (Diij.). — Ovoid-oblong, or pyriform, rather flexible ante- 
riorly, with a row of cilia directed back>vards, and appearing to indicate the 
presence of a mouth. Their surface docs not appear reticulated, or ciliated in 
rows, as it is in Acomia and Enchelys. The Triclioda are cliicfly found in 
putrid infusions and in stale marsh-water. 


Triciioda punt {Kolpoda Pyrumy 
M.). — Oblong, club-shaped, attenu- 
ated anteriorly; momh laternl ; vacu- 
oles small. Common in vegetable infu- 


sions ; usually with Cyclidium GUmcoma, 
1-720". 

This species closely resembles Lmco- 
phrys pynfonuisf which is somewhat 
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larger and ciliated tliroughout. How- 
ever, the reality of T, pura as a species 
is very doubtful, — ^the small size of the 
vacuoles, the feature most relied on by 
Khrenberg as distinctive, biung in reality 
not at all so, but prone to great varia- 
tions, determined by surrounding cir- 
cumstances. It swims slowly, revolving 
as it proceeds. 

T. Nasamomiim, — Cylindrical, extre- 
mities equally obtuse, mouth large, and 
elongated laterally. 1-288". 

T. ocata, — Ovate, turgid, attenuated 
anteriorly ; mouth small and lateral. 
1-180". 

T. (F) ^thiopica. — Oblong, attenuated 
posteriorly ; under side Hat ; mouth 
large. 1-GOO". 

T. Asiatica. — Oval, oblong, cylindiical, 
rounded at both ends ; mouth small. 
1-8G0". 

This species, togotlier with the three 
immediately preceding, must be regarded 
;xs doubtful; for they were merely cixsually 
exumiiied by their discoverer whilst tra- 
velling, ancl when, as we must suppose. 


he had neither the means of comparing 
the beings with others akin to them, 
nor very favourable opportunities, in the 
rough accoumiodation of desert tra- 
velling, for careful microscopic examina- 
tion. 

T. Pi/mm (Kofpoda Pyrum^ M.). — 
Ovate, turgid, acute anteriorly. Amongst 
Confervm on Mount Sinai. 1-1200". 

A species with this name is also men- 
tioned by Dujardin i^A^Kolpoda Pyrum F 
(Midler). It is thus described : — Body 
ovoid, oblong, narrowed anteriorly, or 
pyriform ; thicker in one direction than 
in the other;’’ and ho goes on to say 
that this is the same being as the Lvh~ 
cophrys carnitim (Klir.). 

T. anyulaia (J)nj.). — Oblong, obliquely 
and regularly plaited or angular, often 
with 011(1 or more siiperiicial vacuoles. 
1 - 000 ". 

T.Z//y/m/.9. — Tlie animalcule described 
undiu* tliis n.ame is (says Cimikowsky ) 
probably no other than the young phase 
of vaiious OxytrichfP. and Slylonyrlu’re 
(Siebold, Zcifsch. 1855, vol. vi. p. GOl ). 


Gcniis LACllYMAIlIA (XXIV. 274, 275). — Body with a long narrow 
neck, slightly enlarged near the termination, where is situated the ciliated and 
lateral (lipped) mouth, destitute of teeth. Body not ciliated. Locomotion is 
lierformcci by means of the neck, tho distensible body, and the oral cilia. Th(> 
])robo8cis-like li]) is very short, sometimes distinctly articulated, and projects 
but little beyond the oral orifice. Coloured food is received by L. Proteus, 
and its discharge may be aeon to take place from the jiostcrior extremity in 
one species ; in another, green granules (ova) are piesont. 

The genus Lacry maria of llujardiii agrees mainly with that just defined ; 
but the French author differs entirely from Ehrenberg, by stating that the 
Lacrymaruv arc distinctly ciliated on their sui*facc, and that the cilia are 
disposed in regular series among the reticulations of the integumcuit. 

Dujardin, in his notes on Lacrymaria, has some very just observations on 
the relation between this genus and the Phialhia and Trachelocerca (Ehr.). 
Ho says, the species of Lacrymaria, which Ehrenberg noticed to be generally 
not ciliated on the body, have been classed by him according to the relative 
position of the mouth and anus, — some among tho Enchelia, others, oBPhiatina, 
among the Trachelia, and others again in the genus Trachelocerca, the type 
of bis family Ophryocercina. On this plan, Laertpnama has the body without 
cilia, prolonged into a narrow neck, terminated by an obliquely truncate and 
ciliated mouth, at tho opposite extremity to which is the anus ; Phialhia 
similar, except that tho neck, instead of being terminated by a simple enlarge- 
ment, is notched on one side, and the mouth therefore lateral ; and Trache- 
locerca, which he himself calls ‘‘ tailed Lanjmarim^^ have a terminal mouth, 
and an anus on one side in advance of a conical caudiform prolongation of the 
body. These distinctions are not bonio out by more ciitical investigations, 
and at most are insufficient to establish generic characters, and still more 
those of higher gi’oups or families. As the result of lliest.* considerations, 
Dujardin has comprehended all tlio species' distributed in the three genera 
named in one, viz. Lacrymaria, which he places among tho Paramecina. 

2 R 
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The doubt expressed concerning the existence of a mouth as described by 
Ehrcnberg, has been rcmov(3d by later observations. 

The variability of form of which the Lacrymiarlce are capable was noticed by 
15akcr and other old observers, and suggested the appellation Proteus^ originally 
bestowed on them. Perty has made use of this peculiarity to constitute a 
section of Ciliated Protozoa, which he has named “ Metaboliea.’’ Besides 
Lacrymaria^ it includes Traclielocercay those two genera being combined into 
a family, “ Ophryocercina.’’ His genus Trachelocerca, however, is not equi- 
valent to the one so named by Ehrenberg, since it also comprises the species 
of Phlalhia enumerated by that {luthor. This employment of a recognized 
systematic terra with a wider signification than that originally given to it, 
cannot be commended ; and, as Perty makes no attempt to define the differ- 
ential characters between the two genera as understood by himself, wo regard 
his family Ophryocercina as unsatisfactory. The Phialinm he considers only 
young or contracted examples of one or other genus, (Sco Puialina and 
Trachelocerca.) 


Lacrymaria Pt'otetts (TricJioda Pt'o~ 
tens, M.) (xxiv. 274, 275). — Oblong, tur- 
gid, witli delicate transverse folds. Colour 
varies from grey to green. The m^ck is 
capable of considerable extension. It 
resembles TracJudocerm Olor; but its 
posterior extremity is rounded, and Inus 
at its centre the discharging orifice, lie- 
productive organs niilmown. Amongst 
Lemnno. Size stretched out 1-140". 

L. GuUa, — Body smooth and nearly 
spherical, with a very long neck. Perty 
discovered a tongue-like process above 
the mouth in somo (ixamples. ^ Among 
Confervc'c. Size 1-1150"; including 
neck, 1-210". 

L. rnyosa. — Nearly globular, and 
wrinkled ; the neck of medium lengtli ; 
gramiltjs green. In swimming, it oftiui 
revolves on its long axis; neither cilia 


nor an enlargement is obst'Tvable near 
the mouth. 1-570”; including neck, 
1-288". 

L. versatilis (Duj.) {Trktlioda venialilis, 
M.). — Fusiform ; neck ndractilo, ciliated 
beneath, shorter than in X. ProtcitSy which 
it is further unlike by having the body 
pointed posteriorly, and by living in sea- 
water. 

Perty declares this is not an independ- 
ent species, but only the immature form 
of Trarhelocrrcn Olor (Ehr.). 

L. toniatilis. — Neck retractile, some- 
times disappearing entirely, presenting 
then onlv the cilia crowning its extre- 
mity. 

E. farcta . — Flask-shaped, with a short 
neck. In ditch-water about Paris. 
1 - 200 ". 


Genus LEUCOPHEYS (XXIV. 276, 277, 278, 279, 280).— Covered with 
vibratilc cilia ; mouth oblique, terminal, without teeth. From the ohlicjuity 
of the mouth, tliore is the appearance of an upper lip. The cilia which cover 
the body arc short and disposed in rows ; those around the mouth are longer, 
and produce very powerful currents. In swimming, all the species revolve 
upon the longer axis. A serpentine alimentary canal, with more than fifty 
grape-like stomach-cells (XXIV. 276), terminating at the opposite extremity 
to the mouth, is described by Ehrcnberg ; in some, one or two globular nuclei 
and a contractile vesicle are seen. Self-division transverse and longitudinal. 

Leucophrys forms, in the system of Dujardin, with Spathidium and Opalina, 
the family Leucophryens,’’ characterized by having “ an oval or oblong de- 
pressed body, covered with cilia densely but regularly disposed ; mouth not 
evident ; foreign solid particles arc not to be found in the vacuoles ; hence 
probably these animals live only by absorption. Most of them are parasitic 
writhin Annelida and Batrachia, and soon perish in pure water, like Helmin- 
thoid (tape) worms.” Dujardin says, It is to tho genus Bwrsaria that Ehrcn- 
herg has transferred most of the true Leucophrj^eus, in conjunction with 
other Infusoria having a very distinct mouth.” (See Opaltnasa, p. 569.) 

Dujarclhi’s characters of Lemophrys are : — Body depressed, oval or oblong. 
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equally rounded at the two ends, covered by long, very numerous, vibratilc 
cilia, in parallel rows ; no mouth. I,” says Dujardin, “ have restricted the 
term to animalcules parasitic within Lumhrid, but ought probably to include 
tlio form met >vith by Ehrcnberg in the AnodonttrJ* 

This genus requires further examination, and may probably bo cancelled 
by the transfer of its members to other groups. It is certain that several of 
its enumerated species arc mouthless, and that some belong to the Opalineea ; 
and Dujardin clearly pursued a veiy right course in detaching it from the 
heterogeneous class EncheHa, and in bringing it into relation with Opalhia. 
I’crty has followed a similar plan, and instituted a family of parasitic animal- 
cules under the name of Cobalina, comprehending besides Leiicojdnys (repre- 
sented by only one species, L, striata') Opalina, Plaf/iotoma, and Atastor. 
Like Dujardin, also, he transfers L. patula to Ihirsaria ; treats L. Spathiila 
as identical 'with Spathklium hyalinum (Duj.), but places it in a family 
Holophryina, along with Holophrya and EncJielys (/. e, as represented by 
E, Farchnen and E, Pupa), Neither Ehrenberg's descriptions nor figures 
arc suflicient to identify L, sanyuinea cither with Bursaria or Opalhia its 
colour lends no aid, since it is doubtless accidental. L, pijidformis and L, 
earnium are doubtful members, and the rest named arc petty clearly Opalinaea. 
L, earnium is treated by Dujardin as idonticid ^vith Triclioda earnium. 


Leucopiirys {Trichoda patnhiy 
JNL) (xxiv. 270, 277) (^Burmria patuhiy 
Duj.). — Oval, campanulate, turgid;! 
soinetimos quite pellucid, at others 
whitish; mouth ample mid gaping; 
^a(!Uoles are very large, and fill tlieni- 
selvos with food m an iiregular manner. 
AVhen (says Ehrenberg) tlio aninicalculo 
is quiet, the passage of tlie food onwards 
is seen in the serpentine canal, to wdiich 
the stomachs are attached like berries; 
(5Ven the stalk or short commimiciitiiig 
tid)e is visibhi when they r(?ceive or dis- 
(^harge colour(»d food. The longitudinal 
rows of cilia are very numerous in full- 
grown sp(?cimens. The granules are 
wliite by incident light, brownish by 
transmitted. In the middle of the body 
is a small globular nucleus. Both in 
fresh- and sea-wnter. 1-280" to 1-9G". 

J i. Spathula ( = EncJielys Spatlniki, 
M.) (xxiv. 278). — Lanceolate, com- 
pressed, whitish ; mouth narrow, situated 
n-t its anterior extremity, whicli is ob- 
liquely truncated and membrane-like. 
Amongst Lemneo. 1-140". Vide Spa- 

tit JtyalinumyjD. 612. 

L. sanyuinea {Triclioda striata y M.) 
(xxiv. 279, 280). — Cylindrical, rounded 
at both extremities, and of the colour of 
blood. Ehrenberg remarked within it 
two bright contractile round bladders, 
and that on self-di vision one was present 
in each part. 1-144". 

L. pyriformis {Kolpoda Pyrum, M.). — 


Ovate, whitish, rather more acute ante- 
riorly ; vacuoles large. 1-570" to 1-280". 

Dujardin considers that this species 
should rightly be transferred to Glaucoma 
or Kolpoda. 

L. earnium {Kolpoda Pyruniy IM.). — 
Oval, oblong, acute anteriorly, and of a 
whitish colour; vacuoles narrow. In 
putrescent animal water, and the drain- 
age of manure. 1-1440" to 1-430". It 
= Triclioda Pyrum (Porty). 

l*orty suggests that Enclwlys nodulosa 
is referable also to this specicjs. 

L. (?) Anodontce {Leucoplira fluiday 
]\r.). — Oval, turgid, and transparent; 
rounded at both extremities. In Siberia 
and at Copeuhagem. 1-430". Most pro- 
bably it is an Opalina. 

L. striata (Duj.). — Oblong, marked by 
thirty-five longitudinal granular strioB. 
1-325” to 1-200". In the Lumhrid 
(worms) of gardens. 

This IS the only species of Leucophrys 
retained by l*erty. On the other hand, 
Stein (p. I84) 0880118 that it is an Opa- 
Ihuiy a mouthless animalcule, and there- 
fore rightly excluded from Enchelia. 

L. nodulata (Duj.). — Oblong, regularly 
ciliated ; without distinct striae, but hav- 
ing tw'O series of vacuoles. In Lumhrid, 

The hist three supposed species are, 
says Stein {Inf us. p. 184), Opnlinoiy and 
the last two should be united as one, 
which may be named O. Lumhnd. (See 
family Opaltn^ea, p. 569.) 


Genus SPATHIDIUM (Duj.) (XXVI. 27). — Oblong; thicker and more 
rounded behind ; thinner, expanded, and tnincated in front. 


2 K 2 
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This genus is admitted by Forty, who places it in the family “ Holophryina,'" 
but, unlike Dujardin, believes it to possess a mouth. 


Spathidium hyalimtm (xx\^. 27). — 
Oblong, lanceolate, hyaliiie ; thin and 
almost niembranoiia anteriorly, and ter- 
minated by an oblique margin, along 
which some small black nodules may be 
seen. In pond-water, near Paris. The 
Enchelys ^athula of jMiiller would seem 
to be the same specnes; but tlie Lm- 
cophrys Spathula (Ehr.) diilers from it 
in having a row of cilia on the ante- 
rior margin, with stnfu on each side, 


and in receiving indigo in its stomach- 
sacs. 

Perty, however, treats them as idoidi- 
cal. Imhied, the marks of distinction 
Iluiai*din would draw are certainly in- 
sumcient to establish a spt>cilic diller- 
ence ; since tlie abseiu'e or pri‘senco of a 
rr)w of cilia may readily be unobsencal, 
and the reception or non-reception of 
indigo is very much a matter of manipu- 
lation. 


Genus HOLOPHPYA (XXIV. 281). — Ovoid, oblong, or even cylindrical ; 
covered \yith Aibratile cilia ; mouth anterior, directly truncated or tm-minal, 
and without lij) or toeth. In two species the moutl» and anus have been seen. 
Cilia disposed in longitudinal rows. In II, Oinnn green granules and a |)osterior 
contractile vesicle are observable ; self-division appears to be transversi^ in 
H, discolor. 

In the system of Perty, Hohphrya gives name to a family ‘‘ Kolophryina/’ 
defined as having an anterior month, a posterior anus, and the surface 
covered with cilia in longitudinal rows.” It includes the genera Ilolophrya^ 
some species of Eticlielys and Spatliidiinn (Duj.), Ijeucophrys (E.). The two 
species of Enchehjs mentioned arc E, Farcitmu and E, Pipa ; the Lencophrys 
is the L. Spatlmla (Ehr.). 

Holoplirya is closely allied to Prorodon ; indeed its indc])endenco is l ery 
doubtful ; for the only distinctive character between the tivo genera put for- 
ward is, that the dental cylinder ” is absent in the former ; but this is a 
structural peculiarity not ahvays very obvious to the eye, liable to be over- 
looked, and of secondary histological importance. 

Holoplirya and the following genus, Proroilon, arc included in Dujardin ’s 
family Paramecina. 


IIoLOPHiiYA Ovum ( Lcucjyphra hnrsatay I 
M.) (xxiv. 281). — Ovate, somewhat 
cylindrical, extremities subtruncato ; 

g Tinules green. Amongst liemme and 
onfervje. 1-570" to 1-210". 

H. discolor (Trichoda horridaj M.). — 
White, OA'ate, conical, subacute at the 
posterior extremity ; cilia long and 
scattered. Amongst ConferA’aj. 1-240". 

This species Stein has noticcnl in 
the encysted condition, suiTOunded by 
a thick-walled cyst. Cohn, morcov(?r, 


found the previous species, 11, Oniniy iu 
the same condition. Instead of being 
white, it is often coloured green by 
chloro]diyll. 

II. Cohps {Leucaphrn ylohxdiftra^ M.). 
— Oblong, cylindrical j rounded at both 
extremities ; whitish. 1-4^30" to 1-280". 

II. hrminea (Duj.). — Drown, changing 
from a cylindri(;ai to a globular form 
Avhen filled with food, and also then 
altering in colour. 


•Genus PHOIIODON (XXIV. 282; XXVIIT. 8).— Is distinguished by the 
directly truncated mouth, and a circlet or cylinder of internal teeth. Body 
covered with vibratilc cilia. Digestive cells, an oral, and an anal outlet have 
been demonstrated by coloured food. A long band-like nucleus, contractile 
sac, and granules arc seen in P. nivens. 

In the system of Perty, Prorodon constitutes a member of the family 
Dcctcvia, in company with ChUodon, Nassula, Hahrodon, and Cycloyramma. 
Hahrodon is annexed to this present family ; but Cycloyramma will be found 
placed among the Trachelina, along with Chilodon and Nassula, 
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PnoRODON nivem, — Large, elliptical, 
and compressed ; colour white ; circlet of 
teeth compressed (Jtestc Ehr.), os shown 
separate in xxiv. 283. Smaller examples 
liave fewer teeth than the lai’ge. Cilia 
very fine. It is found encysted. Amongst 
Conferva) in turf-pools.* 1-72". Cohn 
intimates {ZeiUchr, 1853, iv. p. 271) that 
this species and tlie next ai*e merely 
varieties of the same being. 

P. teres (xxiv. 282 ; xxviii. 8). — Ovate, 
cylindrical, white ; circlet of teeth cylin- 
drical. Ehrcnberg counted twenty sup- 
osed teeth ; and when tlie cylinder was 
roken, forty-five. Revolves, in swim- 
ming, upon the long axis. 1-140". It 
has been seen in the encysted state, and 


to undei^o fission when in that condition. 

P. viridis, — Large, elliptic, compressed, 
green, with a nearly cylindrical crown of 
teeth. 1-120". Berlin. 

In all probability this green-coloured 
organism is a mere variety of the pre- 
ceding, from which it offers no distinc- 
tive features. In Prorodon, os in Chi- 
todoUf fission occurs in encysted beings. 

P. vorax (Perty). — Hyaline, seldom 
green ; dental appai’atus faintly marked. 
Integument covered with wart-like ele- 
vations in rings. Movements tolerably 
rapid ; oftentiines oscillating. Anus 
placed at posterior extremity. 1-240" 
to 1-84". It chiefiy difiers from P. nieeits 
by its faintly-marked dental apparatus. 


We have yet to append some genera (wliose affinity is with the foregoing) 
described by Dujardin, viz. Acomia, GastrocJueta, Alyscuni, and Uromnui , — 
and which, with the genus Enchelys, constitute his family Enchelyens 
(Enchelina). 

Acomta and Oastrochceta are only ciliated ])artiaUy — the former at one 
end, the latter along a longitudinal furi'ow on the under surface. Emhelys, 
Alysmm, and Uronema are ciliated throughout, — the first having but one 
form of cilia ; the second, cilia together with some long, contractile, trailing 
filaments; and the last, cilia with a single, straight and long posterior 
filament. 


Genus ACOMIA (1).) (XXVT. 16, 17). — Oval or irregular, oblong, colour- 
less or cloudy, formed of a homogeneous glutinous substance containing 
uneipial-sizcd granules, and ciliated at one end. No mouth. 

I'erty remarks that there is an absence of definite characters between 
this genus and the Enchelys (Duj.), and that the species of Acomia require 
further study. 


A(;omta Cyrlidmni (xxvi. 16 a, b ). — 
Oval, oblong, depressed, containing large 
granules and some vacuoles ; transverse 
fission. In external form approaches 
Cylidium (JOlir.). ^Marine. l-()50". 

A. rilrea (xxvi. 17 ^/, h). — Ovoid, hya- 
line, but riaidered cloudy by granules in 
its posterior half ; anteriorborder cilia ted; 
division longitudinal. 1-1250". In fetid 
wat(‘r. 

A. mud is . — Differs from the preceding 
by tlie granules occupying the anterior 
half, and by its length, 1-868". In fetid 
marsh-water. 

'file dilltn*ence in position of the gra- 
nules is valueless as a specific distinction 
between this and the previous species, 
and should be rejecttul. 

A. Otudum. — (')void, presenting a no- 
dular or granular portion, whicli seems 
to contract itself within the interior 
of a diaphanous envelope. Revolves in 
moving, like a /huoiutrrns. 1-30(T'. 

Stein (Inf ns. p. 137) declares that 


it is imdistingiiishable from Cyclidium 
Glaucoma (hhir.). 

A. (P) VoriiceUa. — Ovoid, nearly glo- 
bular, colourless, cloudy ; ciliated in its 
anterior half; cilia curved backwards. 
Ihjvolves on its axis in progressing for- 
wards. 1-1000". In sea- water. 

A. (?) costata. — Ovoid-oblong, nar- 
rower in front ; apparently enclosed by a 
thick membrane, or consistent layer; 
nodular ; nodules often arranged in rows 
ius ribs. Division transverse. 1-650" to 
1-500". In sea- water, among Algm. 

A. varians. — Oblong, cylindrigal ; 
truncated and angular in front ; dilated 
and compressed, by turns, in different 
parts of its length, and consequently 
alternately rounded and constricted be- 
hind, so lusto tisrminato by a pointed tail. 
Revolves on its axis. l-lOOO" to 1-450". 

A. injlata. — Oval, taptning anteriorly, 
be.'^et eieiywh(*n' with very fine cilia; 
colourless, or occupif il with gveon, grey, 
<U' hr'Mvn granules. Movement rnpili. 
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revolvinjjf. Cilia often appear longer in gular ; convex above, flat beneath, or 
front. Found by Diijardin and Perty in rather concave. Thickly ciliated all 
decomposing marsh-water. over. 1-670". Amongst Lemnso. 

A. cava (Perty). — Oval, slightly irre- 

Gcnus HABRODON (Perty). — Body subcylindrical, rather bent ; thickened 
posteriorly, and mostly truncate in front. Mouth anterior, with a very deli- 
cate dental apparatus. Anus posterior. Cilia in longitudinal rows. 

This genus, created by Perty, is placed by him in juxtaposition with Pro- 
rodon, ^^dth which and Chilodon, Nassula, and a new genus, Cycloyramnia, 
it constitutes a family called Dccteria. 

IIabrodon curvatus =: Pnchcli/s Pupa postc'riorly it presents a round clear 
(?) (Miill.^. — Colour usually prey or pale space (an anus ?). IMovcnients slow, 
^een, with numeroius molecules and 1-800" to 1-132". In springs, with 
vesicles ; anteriorly it is hyaline, and Cliara, &c., Beni. 

Genus ACROPISTHIUM (Perty) (XXVIII. 61). — Circular, with an ante- 
rior flap, or rounded off ; pointed behind. 

Acropistiiiu;m mutahile. — Hyaline, more perceptible anteriorly. Tho figure 
with darker vesicles and molecules, varies nuicli. Mouth in front (?). I-SOO" 
Movements veiy^ rapid, revolving. Cilia to 1-320". Uncommon, 
cover the entire surface, very fine, usuall}’^ 

Genus B^id^ONIBIUM (Perty) (XXVIII. 52 -54). — Small, subcylindrical ; 
cilia at anterior end large ; movement sluggish. 

BjEOXiniUM remif/aus . — Usually pris- | movement. A slight depression some- 
matic and rounded ; often rather timers perceptible on one side, in the 
wrinkled ; hyaline, but nearly always | position of the mouth. Fission trans- 
filled with green coipuscles. Cilia I ver.se. 1-840" to l-6(>0". Amongst 
genemlly distributed ; tlio larger anterior • Chane, but rare, in Switzerland, 
ones simulate pedal organs in their j 

Genus OPTSTIIIOTRICHA (Perty) (XX VI II. 55-57).— Small, elongated- 
cylindrical or pyriform ; cilia distributed over the body, vcjry fine, some of 
those on the posterior extremity large, ciliary action sluggish. 

OnsTUiOTniCHA temns (xxviii. 55- I^arge posterior cilia from two to tlnvo 
57). — Colourles.s or .slightly green, with in young .spf‘ciinens, five to .six in old. 
delicate ve.sicle.s and molecuhjs in the I-IKX)" to 1-410". In mar.sli- or bog- 
interior. Swim.s very rapidly, rcivolv- water. Bern, &c. 
ing at tho same time on its long axis. 

Genus STAGONTHERIUM (Forty) (XXVIII. 62, 63).— Very .small, ex- 
tended anteriorly, thickened posteriorly ; with a long stiff bristle extended 
backwards on one side of the anterior extremity. 

SiAGONTHEiiiUM tcnuc , — Seen on the delicate, with internal molociilos and 
wider side, elongated ovate; anterior ve.ricle.s. Scarce in pools. Bern, witli 
prfdongation directed forward.s from the ILjsyintim pluviale. l-JKX)" to 1-760". 
smaller subcylindrical half. Extremely 

Genus MEOATRICIIA (Perty) (XXVIII. 58-60).— Vciy small, clothed 
with long, scattered and slowly-moving cilia. Body entire, or divided incom- 
pletely into two unequal portions. ‘‘ These arc the most delicate and simple 
of all the CiliaUi.” 

Megatiiicha inteyra. — T'ndivided, longs to thi.s species. 1-1440". ITn- 
eolourless, with hmg, delicate cilia, common. 

Very possibly Vhalomonas dlohulm be- M. partita (xxviii. 58-60).— Divided 
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into a smaller, rather pointed, anterior slug’gish. Swimming often intemiptod 
section, and a wider posterior one ; co- suddeulv a jerk in another direction, 
lourless. Extremely delicate; often Fission longitudinal. 1-1660" to 1-L320". 
composed, like many Monads, of only Hare, among decomposing Confervas, 
five molecules. Movements of cilia 

Genus PTYXIBIUM (Perty) (XXVTII. 40-42). — Ovate, pointed in front, 
with several folds. Cilia equal, very fine. 

Ptyxidium Ovulmn=iLeucophryHpyri’- is more probably an Acmnia, Perty dis- 
fornm (Ehr.). Kolpoda Byrum (Midi.), covered no food in the interior. 
wJiich Elirenberg cites ns synonymous. 

Genus COLOBIDIUM (Perty) (XXVIll. 45). — ^When mature, ovate ; in 
earlier condition, truncate posteriorly — frequently emarginatc, — rounded an- 
teriorly. Cilia in longitudinal rows, those in front longer ; their movements 
slow. 

CoLOniDTUMjJcWwc«W?/?n. — ^Very trans- foot-like manner.” 1-1900" to 1-600". 
parent, colourless or clear green ; move- In turf-hollows among (^onferv®. Bern, 
meiits rapid, always rotating. The (I )uj.) is probably only 

longer cilia in front oftcai moved in a a variety of this species. 

Genus APTOXIDIUM (Perty) (XXVIII. 48, 49).— Hounded ; thicker in 
front than Iwihind ; rows of cilia few in number. 

AnoNiDiu^t modeatum, — Hyaline, cilia very fine. A round clear space 
with colon nui (green or brown) food-par- usually visible posteriorly. Hare. 1-260" 
tides. Hows of cilia from seven to nine ; to 1-240". 

Genus GASTHOCIfiETA (Buj.) (XXVI. 18). — Body oval, convex on one 
side, and hollowed by a longitudinal furrow on the other ; cilia seated in the 
furrow, chiefly at the two ends. 

OASTiiociiiiyrA fimi (xxvi. 18). — Semitransparent, oval, truncate in front. 
1-408". In tlu^ water of tlie Seine. 

Genus ALYSCU^M (Buj.) (XXVI. 20). — Body ovoid-oblong irregular, 
surrounded by radiating cilia., and having, besides, a lateral bundle of long 
retractile cilia, by means of which it leaps brisldy from place to place. 

Th(^ single species much resembles Enchelys nodulosa {Paramecium Milium, 
or Paniolriclium Enchelys, Ehr.) from which it is distinguished by its retractile 
filaments. 

Alyscum (xxvi. 20). — C<dour- almost invisible longitudinal furrows, 

less, oblong, rounded at the ends, rather 1-1.300" to 1130". In infusions and in 
concave along the side bearing the re- the Seine, 
tractile (ilameiits, and marked by some 

Genus UllOXEMA (Buj.) (XXVI. 25). — Body long, narrower in front, 
rather curved ; surrounded by radiating cilia, and bearing a long straight 
cilium behind. 

UnoNKMA marimt (xxvi. 25). — Co- Stein considci’s this form, as in the 

lourless, semi-transparent, nodular, elon- instance of Cyclidiuni Olancoma, to be 
gated; contracted in front; slightly merely an embryo of an Infusorium, and 
curved, with from four to five slightly- not an independent species, 
marked longitudinal strio). 1-595". In 
the Mediterranean. 
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FAMILY VI.— COLEPINA. 

(XXIV. 284, 285). 

Loiicated animalcules having the mouth and anus placed at the opposite 
extremities of the body. Tlie lorica is of the form of a small cask, composed 
cither of minute plates placed in a row, or of little rings between which 
cilia are situated ; anteriorly it is truncated, smooth or toothed, and poste- 
riorly terminated by three to five little points ; mouth ciliated. The diges- 
tive vacuoles in these creatures arc readily filled with coloured food, which is 
ejected posteriori}". Complete transverse self-division has been observed. 
A distinguishing character of the Ciliated Protozoa is their asymmetrical 
figure ; but the genus Coleps is an exception to the general rule. 

In the act of fission a new formation of tissue appears to take place along 
the future line of separation, thinner and softer in consistence than the 
original covering. 


Genus COLEPS (XXIV. 284-286). — This being the only genus, its cha- 
racteristics are identical with those of its family. 


CoLEPS hirtm (Cercaria hirtat M.) 
(xxiv. 284-280). — Body wliitc, oval, with 
truncated ends; lorica apparently com- 
posed of small polygonal plates, between 
which the cilia are both transvijrsely 
and longitudinally aiTanged. Anteriorly 
there are nineteen pointed processes, anil 
posteriorly three. Movements very brisk ; 
so that it Is difiicult to examine the lorica 
while the animal is living; but when it 
is dried, or pressed between glasses, the 
complex structure of the former is 
renuered visible. Amongst ConfeiTaj. 
1-670 " to 1-430." 

Although described by Ehrenberg as 
colourless or white, this is no specific 
character ; for it may frequently be co- ; 
loured gi*eeu by chlorophyll, or tinted i 
with intermediate shades betwecni yel- | 
low, grei.-n, and brown, according to the 
food taken and its changes by digestion. 

C. viridis. — Green, oval, and ciliated ; 
lorica tenninating in three points. 
Amongst (kmfeiwae. 1-060” to 1-670”. 

Except in the matter of colour, no 
distinction from the preceding is noted ; 
its specific independence may therefore 
be fairly questioned. 


C. alonf/atits. — Cylindrical, elongated ; 
lorica white, and terminating in three 
points ; self-division transvei’so. 1-670” 
to 1-4.30”. 

Between this form and C. hirtm Forty 
has seen every intermediate figiirt?, aiicl 
therefore regards it as a mere variety, 
and not a speides. The colour, it hardly 
! needs be stated, is in no way character- 

I istic. 

I i^.am):ihacanthm. — Ovate, shorter. Lo- 
rica, unlike that of the other species, com- 
post'd of rings ; the anterior part crowiitKl 
Avith unequal tooth, the posterior having 
' three strong spines. Found in Spiro- 
stomum rirem, 1-280”. 

C. incur rm. — Oblong, nearly cylin- 
drical, and slightly curA^ed; lorica ter- 
minating in live points. Amongst Coii- 
feivaj. 1-430”. 

C. inermis (Perty). — Lorica coslato, 
not granular ; no spinous points at pos- 
terior end, or Aery feeble ones. Green 
coipuscles occur internally. Tht) tlis- 
tuictness of the ribs varies, os well as the 
j length and thickness of tlu* body. Mt)- 
tioiis like thost* of C. hirtm. 1-600”. 
Fresh Avater. 


FAMILY VII.— TllACHELINA. 

(XXIV., XXVIII., XXIX.) 

This extensive family includes those animalcules Avhich haA’c tAVo distinct 
alimentary orifices — the receiving one lateral, the discharging one terminal. 
They have no lorica ; but all the genera, except Phialina, are covered with 
vibniiing cilia, g(;ncrally disposed in longitudinal rows, those near the 
mouth being the longest. Travhclivfi has no n(u*k ; hut the frontal portion of 
tlu> body is prolonged in lli(> form of a long irnnk-like lip ; in Loavihs and 
Vinloiloix it is like hutchc't-shaped broad lip. In Glaucoma there is a 
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tremulous flap to tlio mouth, and in Chilodon and Nassula a cylinder of rod- 
like teeth, which sometimes projects in advance of the mouth. Btvrsaria and 
Nasmla have a thick frontal protuberance. The reception and discharge of 
coloured matter can be scon in all the genera. In Nassula the violet-coloured 
specks (bile) are worthy of notice. In Spitostomum the mouth is spiral. A 
nucleus and one or more contractile vesicles occur in all the genera. Com- 
plete transverse and longitudinal self-division is frequent and complete. 


The genera are disposed fis follows : — 


-S 

I 


No tremu- 
lous 
mouth- 
flap. 


' Ph 


Brow con- 
tinuous 
wiili the ) 
body. 


with a 
brow-like 
upper lip 


lip long, proboscis-like Trachelius. 

lip broad, hatchet-shaped. . .Loxodes. 

^ brow-like prominent back Bursuria. 

Mouth spiral Spirostomum. 

Brow interrupted in a peg-like manner Pliialina. ^ 

^ Mouth having a tremulous flap Glaucoma. 



A brow-like prominent upper lip 
A brow-like prominent back 


.Chilodon. 

.Nassula. 


This family is not recognized by Dujardin, who rejects the supposed aflini- 
ties of its genera as unnatural ; and indeed it must be owned that the Tra- 
cholina, as understood by Ehrcnberg, represent a heterogeneous collectioii 
rather than a natural group. Ihirsaria includes some mouthless Opalince. 
Sptrostoinum evidently takes its place next to Stentor; and Chilodon and 
Nassula are removed in several imx)ortant details of organization from 7Va- 
chcllns and Phialhui, 

Terty retains in his classification a family Trachelina, and places in it the 
geneni Trachelius^ llai'^tnodiruSjAwphileptiis, Loxophifllum, Dileptiis, Peleciday 
and Loxodes, — adopting, however, the characters assigned by Dujardin in 
preference to those given by Elirenberg. The brief character of Trachelina 
recorded is — “ Body elongated anteriorly into a ncck-likc process, or pro- 
truding a proboscis curved on one side.’’ 

Wo have retained in the preceding desenption of Trachelina, adopted from 
Ehrenberg, several notes of structural peculiarities which subsequent re- 
searches show to be erroneous. That the mouth is lateral and the anus ter- 
minal in all the members of the family is not the case. Thus, in Chilodon the 
discluirging orifice is on one side, near the posterior extremity. Lachmann 
(yl. N, II. 1857, xix. p. 216) speaks of the buccal orifice of Glauconui as 
produced into two flaps. The teeth (so called) in Nassula, Chilodon, Ac., 
have no real claim to that designation ; for they arc no more than folds or 
thickenings of the ojsophagus (sec Tart 1. p. B1 1 ). The violet- coloured sjfots, 
imagined by Ehrenberg to be vesicles, are merely accidental specks of colour 
derived from the food (see p. 312, and notes on Nassula elegans). 

Chilodon and Nassula have been proved to propagate by living embryos, 
after a i^rerious encysting-stage ; and in all ]n-obability most of the other 
genera do so likewisi?. Nassula amhiyua (Stein) has been scon in the same 
encysted condition as Chilodon ; and only the last stage, that of the internal 
devidopment of a (iliated cmbiyo, to complete the c^ycle as in Chilodon, luis 
(‘scaped observation . 
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Genus TRACHELIUS (XXIV. 287-290). — Body ciliated ; mouth simple, 
destitute of teeth, is seated on one side at the base of the very much elon- 
gated upper lip or proboscis. Cilia are absent in three species. In four 
species coloured food has been received, and in three the discharging orifice 
detected. It has also a coUapsed oesophagus, visible only during the passage 
of food. Two species increase by transverse self-division. 

This genus forms a member of the family Trichodiens ” (Trichodina) 
(Duj.), along with Trichoda and genera named Acineria, Feleciday and 
DUeptiis. 

The account ho gives of the animals differs much from the foregoing. Ac- 
cording to it, Trachelius is destitute of a contractile or reticulated integu- 
ment, and is composed of a muco-gelatinous substance (sarcodc) containing 
gi'anulcs, which arc oftentimes agglomerated in the form of nodules, disposed 
in rows. The apparent oviposition in Ovum and 2\ Meleagris was nothing 
more than the breaking up of part of the animalcule by “ diffliicncc,” and 
the supposed ova only particles of ‘‘ sarcode.” 

“ The cilia at the anterior extremity are larger than those on the rest 
<jf the body. Posteriorly a large vacuole is often to bo seen. Thei'e is no 
distinct mouth.’’ 

The last statement is contradicted by recent investigations, which prove 
that the animalcules belonging to this family have a mouth, and some of 
them, at least, an anus. 


Tractteltus Avas {Trichoda Amts et 
Indvxy M.)(xx i V. 287-289).— Wliito, cla- 
vnte, and cylindrical; proboscis thick, 
obtuse, not ‘half the length of bodv; 
mouth situated close to the base of the 
proboscis. In exposed infusions, and 
freshwater swamps, amongst Conferw*©. 
The interior often contains gi'een (chlo- 
rophyll) vesicles. 1-280" to 1-120". 

T. rorwr. — Clavatc-ovate, turgid, co- 
lour white ; proboscis thick, obtuse, 
shoi*ter than half the body ; mouth situ- 
ated near the middle of the body, and 
not at the bsise of the proboscis. Amongst 
Confervre. 1-120". 

T. MdeagrU. — Compressed, lanceolate, 
often cun ed in the form of the letter S ; 
proboscis thick, obtuse, shorter than half 
the body. 1-9G" to 1-GO". 

Ehrenberg described in this species a 
red-coloured fluid which he called bile, 
and a row of ten to twelve vesicles along 
the back, which ho concluded to be sto- 
mach-cells filled with red gastric j nice. It 
is now, however, admitted that these colls 
are.really contractile, and form a vascular 
chain. The nucleus is oval, with a cen- 
tral constriction. Dujardin adopted this 
speci(5S as one form of a new genus, 
LoxtmhyUumy hereafter described in the 
family Colpodea. 

T. Lamella {Koljioda Lamdluy M.) 
(xxvi. 24 «, h), — Depressed, laminar, 
elongated, linear-lanceolate, often trun- 
cated ant(5riorly and rounded ; margin 
ciliated (Dujardin says, only in front). 


EhrimbtTg considtTS this form may be no 
other than the young condition of AVI’- 
phileptm Fasciola ; and Perty would add, 
of Spathidiam ht/alinam. In sea- water. 
1-900" to 1-200". 

1', Anaticuku — White, small, ovate, 
pyriform, attenuated and diaphanous an- 
teriorly. Dujardin believes In^ has seen 
sev(*ral of these animalcules become by 
simple contact agglutinated together, — 
a circumstance w’hicli would indicate tlio 
absence of a true integument. Amongst 
Conferva). 1-670" to 1-280". 

T. (P) trichophorus ( Vibrio strictasy M.) 
— Cylindrical, changeable, often clavate; 
proboscis capitate, of the form of a very 
delicate whip. 1-1200" to 1-4G0". 

T. (?) ylohulifvr, — Spherical, hyaline, 
with a very delicate whip-liko acute pro- 
boscis. Amongst Conferva). 1-200". 

T. Ovtim (xxiv. 290). — Largo, ovate, 
wide or cainpanulate anteriorly; pro- 
boscis short, in the form of a beak ; con- 
tractile vesicles numerous. “ In no in- 
fusorial animalcule,” says Ehrenberg, is 
the alimentfiry canal so easily seen os in 
this; the largo mouth and contractile 
vesicle, lying over the lower part of the 
alimimtary canal, are equally evident ; 
numerous small digestive cells and ova- 
granules appear in every part.” It is in 
this species that Lieberkiihn and Jjneh- 
mann have latterly described the exist- 
ence of an arborescent, ramified digestive 
canal, quite distinct from the clear round 
spaces in the parenchyma of the body, 
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which some have supposed to bo sto- 
machs. In stagnant bog-water. 1-72.'' 
It has been found encysted. (Vide Part L 
p. 309;). 

T. (?) laticeps, — Flattened, elliptical ; 
anterior part (head) membranous, vari- 
able and wide, with a notch from which 
proceeds a fl^igelliform proboscis almost 
double the length of the body. 1-912". 
In North Sea. 

T. dmdropMltis, — Ovate, subacute, at 
each end; proboscis very fine, acute, 
double the length of the body. 1-288"' ; 
with filament, 1-96'" to 1-72'". Has the 
habit of a Monad, but the motion of T, 
trichophorusy than which it is very much 
smaller. On tree-mosses. 

T. strictiis (T)uj.). — ^Filiform, extremi- 
ties rather pointed; the cilia visible 
only in front. 1 -400". Amongst LcninsD ; 
seen also by Perty in Switzerland. 

T. terns. — Filiform, cylindrical, obtuse 
anteriorly, pointed and tapering behind ; 
ciliattid only in the anterior margin. 
1-170". In stagnant sea-water. 

T. F(dx. — Long, depressed, lanceolate 


or sigmoid; variable; narrower and 
rather curved anteriorly in a sickle-like 
form; ciliated generally. 1-420". In 
pond-water. 

T. nodulifenis (Perty). — ^Very slender, 
narrowed anteriorly, but terminated 
abruptly by a rounded end; colourless, 
but with diffused chlorojjhyll-vesicles at 
times, and granules. Cilia scarcely vi- 
sible, except near the head, where they 
are rather larger. Movements slow, 'fho 
elongated neck-like portion devoid of 
molecules. 1-670" to 1-120" (Bern). 

T. apiculatus, — Slender, tapering an- 
teriorly, its end being obtuse. Colour- 
less, with diffused vesicles and molecules. 
Cilia very delicate. Movements rapid, 
like those of Traclielocerca. 1-144". 

T. pusillns . — Considerably elongated; 
rather flattened; colourless; with a round 
opening at its narrower anterior ex- 
tremity. IMovements tolerably quick, 
with slow revolutions on its axis. 

Perty intimates it to be the same 
species as Trachelim trichophorus (Ehr.) 
and the Peranema protractum (Huj.). 


Genus LOXODES (XXIV. 291-293). — Body ciliated throughout, mouth 
simple, devoid of teeth ; upper lip continuous and broad, hatchet-shaped ; 
locomotive cilia longer near the mouth. The contractile vesicle is round ; 
the nucleus oval or ovoid. In L. Bursaria an oval nucleus and two contrac- 
tile globular vesicles liave been seen. Self-division transverse. 

Dujardin’s characters of fjo^vodes are — “ Body flat, membranous, or with an 
apparently membranous lorica, flexible but not contractile, expanded at tho 
centre of its superior or dorsal surface, often concave on the under surfaco ; 
contour irregularly oval, sinuous and obliquely prolonged anteriorly ; furnished 
with very fine cilia, confined to its anterior margin. In general characters,’^ 
he adds, Lo.vodes approaches nearest to Traclielhis (family Trichodina) ; but 
the signs of an integument are so clear as to sever it from that genus and 
family.” The Loxoelcs described by the French author are almost all of them 
distributed by Ehrcnberg among other genera and families ; and hence there 
is unfortunately none but the slightest relation between the similarly-named 
genus of the two writers. Thus the Loxodes Rostrum of Ehrenberg is the 
representative of a genus Felecida, of the family Trichodina, in the system of 
Hujardin, and bears the name of Pelecida Rostrum, In this position it is 
brought into close relation with the genera Trklvoda and Trachelius (Ehr.), 
and with two others, named by Dujarclin Acineria and Dileptiis. 

The last-mentioned genus comj)rises Infusoria placed by Ehrcnberg with 
Amphileptm, in describing which wo shall take tho opportunity to give’ tho 
characters of Dileptus, whilst Aeburia and Pelecida will be included among 
tho appended genera at the end of the present family, Trachelina. 


Loxonns Rostrum {Kolpoda Roslmnij 
]M., Pelecida Rostrum, 1).) (xxiv. 291- 
293). — Body compressed, white, lanceo- 
late, slightly curved in the fonn of an S, 
in consequence of the lip being a little 
iiucinated. Ehrenberg states that ho has 


very often seen large Naviculoi and Syn- 
edrat within this creature, althougli it 
would not feed on coloured food. The 
cilia are very delicate, (xxiv. 291, an 
animalcule which has fed upon Bacil- 
laria ; xxiv. 292, another, creeping along 
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Confeme; and xxv. 293, a specimen 
imdergoing transverse selt-division.) 
Amongst Conferva). 1-144" to 1-36". 

L. Cithara {Trichoda auraniiay M.). — 
Triangular and compressed; anteriorly 
dilated and obliquely truncated, but 

{ )ointed at the posterior extremity. Co- 
our white. 1-430" to 1-210". 

\i.Bursaruu — Oblong; anteriorly ob- 
liquely truncated and depi’essed ; poste- 
riorly hemispherical. The mouth is placed 
near tlie centre of the ventral surface, at 
the bottom of a deep funnel-likc fossa 
(vestibulum), the upper border of which 
is longer, broader, rather concave, and 
tmneate, and constitutes the “upper 
lip" of Ehrenberg. A long oesophagus 
extends far into tlie interior from the 
mouth. In bogs. 1-280". 

Tliis, Foclce and Stein show, is not a 
species of LoxodaSj but of Parameritwt, 
and therefore rightly named P. linrsaria 
(which see, p. 635).* It was this species 
which was so elaborately examined by 
Cohn, especially with regard to its repro- 
duction. Young specimens are colourless ; 
but mature beings have numerous chlo- 
rophyll-corpuscles dilliised in their cor- 
tical lamina). There are two round con- 
tractile spaces, whicli by pressure assume 
a sti'llate appearaii<!e similar to those of 
P, Aurelia. The rotation of the contents 
mav be demonstrated in this species ; and 
Cofin, Focke, and Htein have witiu^ssed 
its reproduction by a liviiig g«.*rin or em- 
bryo. In figure it is \ ery like (Jhilodon 
CucuUuhis, but has the oral fossa (vesti- 
bule) and cilia of Puramvvhim. 


L. plicatus. — Elliptical, depressed, 
convex on the back, and slightly plicated; 
the lip uncinate. On Conferva). 1-430". 

The species of Loxodea mentioned by 
Dujardin are L, CucuUulm = ChUodoti 
Oucullu^ (Ehr.) ; and X. Cucullto = (?) 
Kolpoda Cumllio (M.), placed by Ehreii- 
berg among the Kolpodea. 

L. reticulatiis. — Oval ; nioro shmder, 
sinuous, and flexible anteriorly ; surface 
granular. In long-kept mai*sh- water. 

This species is, in Stein’s opinion, a 
mere accidental variety of ChilodonCncul- 
lulwif deteniiiiied by the bulk of food 
received. 

L. marinus. — Depressed, oval, almost 
renifonn; with internal fine granules, 
and a row of puiictn nejir both the ante- 
rior and posterior margins. 1-360". In 
salt water. 

li. dentatus. — Similar to X. CucuUulmy 
\ but having a bundle of bristles about the 
month, as in Chilodonf from whicli it 
differs by the lorica (cuirass) and by the 
absence of cilia on the surface. 

The distinction of this species and X. 
Cuculluhis as independent, fetein rightly 
criticizes as an error on the part of l)u- 
jardin, and shows (X//w.v. p. l.‘U) that both 
of them are only accidcmtal varieties of 
Ch ilodon Cucidluhutf — L< trades Cundlufus 
being nothing more than small specinunis 
in which the cesophagus is iiidistict, and 
X. dvnlidus examples in which this organ 
is very evident. 

\j. hrvvis (Periy). — Short, rounded, 
with a hyaline proboscis. 1-500". J5ern, 
in rainwater-ponds. 


Genus DUllSATilA (XXIV. 294-296). — Surface ciliated throughout; an- 
terior part convex ; mouth not tenninal, fringed with stronger ciliii, though 
simple, tootliless, and devoid of tremuloiLs flap. The cilia are distinctly seen 
in coloured water, and are generally disposed in rows ; those around the 
mouth arc longer tlian the otliers. The nutritive system (says Ehrenlierg) 
consists of an alimentary canal, curved forwards ; it is fimiished with digi‘s- 
tive cells resembling little jnirses, wliich arc attached to it by short stiilks. 
The mouth is laige, situated, as in Aouro;>/</v/.s, oblhjuely at the anterior ex- 
tremity, so that a brow, as it were, cither jirojects over it or else forms the 
end. The contractile vesicle is sometimes doubled ; the nucleus oval or 
ovdid. The anus is jjlaced at the posterior extremity. Self-division, longi- 
tudinal or transverse, has been observed in five sj)ecies. 

Dujardin has the following remarks on this genus : — “ Ehrenberg, wliilst 
admitting a genus Bursa ria, separates from it several true species, and 
places some of them in his gimus LemojthrySy others in his family Kolpodea ; 
whilst the closely allied genera Korulylosloma and Playiotoma are confounded 
with otlier familie s — the fonm-r with O.rylrh'ha, tlu) latter witli Pamtumum. 
A loreover, the obli<piii^ of the moulb in Bursaria is not a sufficu'iit distiin;- 
loii letween that genus and Lciunjdirys ; ami, whilst assigning a large mouth 
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to tbo Bursarice, he includes among them several species in which the 
(existence of a month is, to my the least, doubtful.” 

Tlie genus Bursaria is taken as the representative of a distinct fixmily , both 
by Dujardin and by Perty. The former, who namt?s it “ Bursarina,” insti- 
tutes five genera, viz. Plagiotoma, Ophinfoglena, Btirsaria, Spirontomum, and 
Condylostoma. The latter adoi)t8 the same name, and ranges tlie family in 
his section Momma, comprehending Ciliata which, although very contrac- 
tile, and clothed by a soft integument, always retain their form. The genera 
included among the Bursarina by Perty are Lemhadion and Bursaria , — the 
former a new genus established by himself to receive two species whi(?h he 
does not find indiciitcd by Ehrciibcrg. Dujardin defines the Bursariiia. as 
“ animals possessing a highly contractile body, very variable in form, mostly 
oval, ovoid, or oblong ; ciliated throughout, and ha\ung a large mouth sur- 
mounted by a band or surrounded by a spirally curved row of cilia.” . 

The g(inus Bursnrin is closely allied to Paramecium, from which it is 
chiefly distinguished by tlu? row of larger, longer cilia about the mouth, ex- 
tending along the deej) fossa in which that orifice is contained. In Para- 
mecium the cilia are everywhere of the same size. 

Several of the Bursaria^ enumerated by Klirenberg have been shown to lx* 
Opalinw, and to be destitute of a mouth. These species arc B, lianarum, 
B. Entozoon, B. inteslinaJis, and B. Nucleus, all whi(di are further remarkabh? 
in being parasitic in Batnu^hia. The B. cordiformis is also a parasite of the 
intestine of the frog, and, although a doubtful member of the genus, has tlu^ 
sanction of 8toin to the generic position accorded it. 


a. Suh-genus Bubsaria. — The inferior {not anterior) lip reaching to the 
frontal margin. 


Bttr 8 art a truncaMa ( M. ) • The trun- 
cated Bursar ia, — Largo, visible to the 
naked eye; white, ovate, turgid, trun- 
cated and brojully ('xcavated in front, 
where tliere is a simple roAV of cilia. In 
some specimens, EJireiiberg saw half-di- 
gested llotifera and large quantities of 
vf^getable matter in the nutritive cells, 
and was able, as he thought, by means of 
cannine given as food, to trace an ali- 
mentary canal through the greater part 
of its course. In each vacuole the food 
appeiirs surroundcHl by a clear fluid, which 
Ehrenberg calls bile. A large bright 
vesicle is seen bidow” the mouth and 
somewhat to the left of it, on which side 
is also a large curved but not articulated 
nucleus, reaching to the brow or frontal 
region. In ditches and ponds, amongst 
rotten beech-leaves. 1-48" to 1-30". 

B. VoHicella (xxrv. 294). — White ; 
largo, nearly spherical, and turgid ; an- 
teriorly truncated and widely excavated, 
with a double row of cilia. Found with 
Chlamydomonas Pulcisculus and Gonium 
pector^y which are sometimes seen 
within it, as in xxiv. 294. 1-108”. 

B. vorax, — Large, oblong, rounded at 
the ends ; mouth ample, being one-third 
the length of the body, and touching the 
summit of the frontal region. This spe- 


cies has groat resemblance to Urostyla 
grandis and Slghnt/chia lanceolata, when 
their claws and stylos are withdrawn. 
In muddy water in summer. 1-140" to 
1-108". 

B. (^Opalina) Entozoon, — Ijarge, cylin- 
drical, turgid, nearly equally roumled at 
both extremities ; mouth small, near the 
frontal apex. F ound, with the following, 
in the rectum of liana temporaria (the 
Frog), in summe.r and winter. 

Perty ri‘presents this as a mei*c variety 
of B. lianarum. He also treats B. Nucleus 
and probably B. intestinalis as other va- 
rieties of the same being, and therefore 
OpalincB. 

B. (^Opalina?) intestinalis {Vihrio Ver- 
mieulus, M.). — Slender, cylindrical, at- 
tenuated posteriorly ; mouth small, situ- 
ated below the frontal apex. In this 
species, as well as in others, Ehren|?erg 
has seen transverae self-division. Found 
with the preceding. 1-240” to 1-120". 
It is probably an Opalina. 

B. (?) cordiformis, — Renifomi, front 
depressed, mouth slightly curved in a 
spiral manner ; colour white. 1-210". 

This species Stein affinns to bo a tme 
Bursaria ; but Perty makes it an Opa- 
lina , — a view countenanced by its para- 
sitic nature. 
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B. latenitia {Ti'iclioda ignita, M.). — colour. With Lemnao^ Conforvoo, &c. 
Compressed^ ovato-triangular, with the 1-430" to 1-144". 
front sharply crested, of a brick-red 


b. Fbontoetia. — Anterior part of the body (frow) projects beyond the rmuth, 

and is conve^v. 


B. venialis {Leucophra M.). — 

Oval, turgid, rounded at the ends, and 
attenuated posteriorly. The mouth lias 
a wreath of still) short bristles, resembling 
teeth ; numerous digi'Stive vacuoles are 
often filled with large Oscillatoriao, Na- 
viculae, &c. (and contain a reddish bile, 
Ehr.). The progressive digestion of the 
Oscillatoriro is interesting to follow: — 
they are at first elastic and rigid, and of 
a beautiful blue-green colour, then di- 
stinctly lax, fiexible, and bright grcien, 
becoming afterwai*ds yellowish green, 
and resolved into separate segments, 
which at length turn yellow. Amongst 
Oscillatoria} in spring. 1-144" to 1-120". 

B. leucas (xxiv. 205 j xxx. 1). — Ob- 
long, cylindrical; extremities neoi’ly equi- 
Convex (bile colourless). 'J'liis creature 
has a contractile bladder, with a curious 
jagged margin near the long open mouth. 
W ith Osciiratoria3, and on the surface of 
w’ater. 1-144". 

B. Pupa (xxiv'. 290). — Wliite, ovate- 
oblong, rather acute posteriorly ; mouth 
inferior, and near the frontal apex (see 
f. 290). 1-280". In chalybeate w’atcr, 
Germany. 

B. Jlara. — Ovate-oblong, often acute 
at the posterior extremity; the mouth 
occurs in the flat concavity immediately 
behind the round brow. In bog-water. 
1-140" to 1-00". 

This species," says Perty, differs 
much, both in its figure and its narrower 
oral fissure, from true Burmrice, and 
ranges better with Panophrys," Dujar- 
din, again, considers B. Jlam^ B. leucas^ 
and B. venialis to be merely three va- 
rieties of his Panophrys farcta, 

B. {Opalina) Nucleus. — ymall, white, 
ovate, attenuated anteriorly; extremities 
convex. In Bana temporaria and B. es- 
culetvta. 1-240". Vide notes on B. Bn- 
tozoon. 

B. (Opalina) Banarum. — Ovatc-lenti- 
cular and compressed, subacute ante- 
riorly; the bock and belly carinated ; often 
truncated posteri()rly ; mouth inferior, 
near the frontal apex. 1-210" to 1-72". 

The mouth here described has been 


diligently sought for by Stein and others; 
but they can find nothing more than a 
fold of the surface, wdUi no orifice in it, 
as shown by reagents. This species is 
therefore a member of the mouthless 
group Opalinaea (vide subclass OrALi- 
NiEA, p. 200, and Pis. xxii. 40, 47 ; xxvi. 
28, 20). 

B. (r) aurantiaca. — Ovate-oblong, an- 
teriorly obtuse, posteriorly acute ; it has 
an ash-coloured spot near the mouth. 
Amongst Oscillatoriie. 1-280". 

B. arhorum. — Oblong, compressed ; 
very finely ciliated ; ends rounded ; mouth 
situated in the anterior third of the body, 
reaching its frontal extremity; a wreath 
of larger cilia extending around and 
I baclrvvards from the mouth. Ijongtli 
1-40'", double the breadth; vacuoles 
numerous, and two globular nuclei seen. 
On moss of trees. 

B. tri(imira. — Ovate-lenticular ; very 
finely ciliated ; dorsum flat; venter turgiil 
and slightly keeled, hence an imperfect 
triquetral figure of the animal ; anterior 
extnmiity subtruncate ; oral fissure long, 
extending from the frontal t;nd, fringed 
with a row of strong cilia (‘xtiuiding 
backwards; nuclei two, small; vesicle 
large, contractile, simple, near the pos- 
terior extremity. Swims slowly. 1-30"'. 
On moss of trees. 

B. Blattarum (Stein). — Is very like 
B, cordiformisj but more compressed; 
rounded in front, where there is a very 
opaque, sharply-defintid, coarsc-gi-aniilar, 
and posterior to it the transverse oval 
nucleus. In intestine of Blutia. 

B. patidu (Duj. and Perty) =7>*7/co- 
phrys putula (Jifiir.) ; Bursar in rirem 
(Perty) = Spirostomum rirem (Ehr.) ; 
and Bursaria spiriyera. 

B. Loxodcs ( VGi^y) = TAixode8 Bursaria 
(Ehr.). — Under no circumstances can 
this species (says Perty) be reckoned with 
Jjoxodes (Ehr.^, or with Pelecida (Ihij.). 

B. Lumhrici (S tein) = Playiotoma Lum- 
h'ici (Duj.) = Paramecium compressum 
(Ehr.) is a Bursaria, not a Parame- 
cium, having a row of longer cilia about 
the mouth and ventral surface. 


Genus 8PI110ST0MUM (XXIV. 296*-29B). — Body elongated, or ribbon- 
shap(}d, flexible and ciliated, the frontal region continuous ; mouth lateral, 
spiral-shaped, devoid of teeth, but with a tremulous flap. The locomotive 
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cilia are disposed in rows ; those at the mouth are longer, and fonn, as in 
Stentovy a spiral wreath around it ; m S, amhiguvm tho brow and wreath are 
remarkably long. Vacuoles, to the number of ninety, have been seen filled 
with coloured food, and tho discharge of the latter observed. The anus is 
placed at the posterior extremity. [A band-like thick gland (nucleus) is seen in 
JS. virens, and a bead-like one in other species.] The former likewise possesses 
a large contractile vesicle, and green granules ; in S, ambiguum the granules 
are white. Self-division has not been observed, but Ehrcnberg presumes that 
it takes place transversely. 

The band-like or moniliform gland mentioned by Ehrenberg is in fact a 
pulsating vessel extending almost tho entire length of tho animalcule. Tho 
genus docs not belong to TracheHna, but to a family represented by Stentor, 
which Lachmann and others would establish with tho name of Stentorina. 
Perty transfers Spirostomum to Urccolarina, in which family it is united with 
Stentor, CcmomorpJia, and Urocentrum, (See remarks on Vouticellina, 
p. 579.) 


Spirostomum vire^is (Btirsaria spiri-- 
geruy D.) (xxiv. 290*). — Ovate-elongate, 
depressed j truncated anteriorlj^, and 
rounded posteriorly. The back is arched, 
and the under side flat. The gi’eeii gi*a- 
nnles are soinetinies absent (f. 290*). 
1-120" ; ova 1-0000". 

S. amhiguum (Leticophri/s [^Trichoda^ 
amhigudy Si.) (xxiv. 297, 298.) — White, 
cylindrical, filiform, flexible} ; obtuse an- 
t(}riorly, truncated posteriorly j an elon- 
gated frontal region or brow (}xtends be- 
yond the mouth. The lono; vibrating 
cilia in front often appear like a pro- 
bos(jis, and were mistaken for such by 
Miillev, The structure of this creature 
is remarkable, especially the mouth, 
which is only one-iifth from the tail; 
thus th(} frontal region or brow is very 
long, and the alimentary canal (adds 
Ebr.), first inflected forwards, retmms 


j along tho body. From tho mouth to the 
I anterior or top of the brow runs a long 
ciliated furrow (xxiv. 297 and 298). In 
swimming, they extend thomsolvcs, and 
are readily perceived by tho naked eye. 
In ditches, amoTig decaying oak-loaves 
and rotten wood. 1-12". 

Both Dujardin and Forty consider this 
animalcule to be the same as that other- 
wise described by Ehrenberg as Uro^ 
Uptm Filum. 

S. semiyervirescens (Perty). — Body 
roimd, filled with green granules; tail 
broad, flat, and colourless. Cilia at 
anterior extremity, clearly seen. The 
{peon colour was" probably duo to the 
food. 1-90''. Among Lemnoe, but only 
once. Tt is allied to Kondylostoma 
(Buj.), which diflers from it by its 
marine habitat. 


Genus PITIALINA (XXIV. 299). — Tho frontal ciliated portion is sepa- 
rated from tho non-ciliatod body by a constriction or nock ; mouth lateral, 
devoid of tooth. The motion of these creatures is due to tho powerful 
wreath of ciUa over the mouth. Ehrenberg says, cilia may possibly be 
present upon the suriaco of tho body, since Muller described them in Trichoda 
meUitea. A contractile vesicle (perhaps two) is situated posteriorly. Self- 
division probably transverse. 

Dujardin rejects this genus; and, in Forty’s opinion, the animalcules it 
includes are no other than more contracted and younger specimens of 2Va- 
chelocerca linguifera or of Lacrymaria, Amongst them are specimens trith 
an evident terminal flap or tongue, and others with incompletely developed 
necks. Their movements are rapid. (See notes on Lacrtmaria, p. 609.) 


Phialina vermicularis {Trichoda ver- 
miealarisy M.). — Ovate, attenuated an- 
teriorly ; neck very short ; coloiur white, 
With Beninae. 1-240”. 

P. riridis (xxiv. 299).— Bottled-shaped, 
anterior port acute, the posterior gradually 


attenuated; neck very short. 1-280". 

There is nothing distinctive in the 
assipicd characters of this species ; the 
slight difference in form may arise from 
the var^dng amount of contraction. The 
green colour is valueless. 



624 


SYSTEMATIC HISTORY OF THE INFUSORIA. 


Gonus GLAUCOMA (XXIV. 300-^02 ; XXVIII. 4-7).— Body oval, com- 
pressed, covered with cilia ; mouth provided with a tremidoiLS flap, but no 
teeth. Ehrenborf? described the reception and discharge of food, and the 
presence of digestive vacuoles, and therefore saw, in these, indications of the 
existence of an idimentar}^ canal. The largo mouth, with its vibratory valves, 
is situated on the inferior side, in advance of the middle. The anus is situated 
on the ventrid surface, near the posterior extremity, or at the extremity 
itself. The internal organs arc a large ovate gland, a star-like contractile 
sac, and granules. Self-division transverse or longitudinal. 

Qlancoma is comprised by Dujardin among his Baramecina. Perty con- 
structs a family out of this genus, along with CinelochUum (vide Cycudiuai, 
p. 572), whicli he designates Cinctochihna, and characterizes as animalcules 
having a mouth on the upper side, sumioiinted by a vibrating valve (like a 
tremulous eyelid). Cilia disposed in longitudinal rows. It will be noticed 
that the mouth is described to be on the upper side instead of the under, as 
stated by Ehrenberg, Avith Avhom avc agree. 

The anus is on the ventral surface, near the posterior extremity. Lachmann 
describes tAvo Haps to tlie mouth, but Perty says the second is simply an 
expansion of the margin of the mouth. 


G LAUCOAfA .srhitiilans ( Cj/clidiumliulht, 
M.) (xxA^II. 4-7). — Elliptical or ovate, 
colourless, slightly depressed ; vacuoles 
large. The vibrating Hap appt\ars to be 
semi-oval or reniform and smootli, and 
to haA’c a stilf margin. The cilia are 
seen by employing colour or by pressing 


or drying the animalcules (xxta'. ,‘100- 
302). In natural and artiticial infusions. 
1-2S0". 

G. rtriflis (Duj.). — Green, oval, short; 
mouth large, situated nearer the ceiifre 
tlian to tlie anterior margin. I-MOO" to 
1-520". In rain-water butts. 


Gonus CHILODON (XXIV. 303-300 ; XXTX. 48-50).— Body irregularly 
oval, llattcned, regularly ciliated : frontal n'gion j)roducod in tbt^ foi*m of u 
broad membranous lij), on one sidt% resembling a beak; ibe moulb, situated 
at its base, and therefore lateral, is furnished Avith a tubuhar fasci(d(^ of teedh. 
A round nucleus, one or more contractile Ax^sicles, and transverse and longi- 
tudinal self-di\dsion have been observed. 

This genus along Avith Nasrnla, Prorodon, and two newly-iiistitnted genera, 
Cyclorjramma and Ilahrodon, are grouped together in the system of Perty, 
as a family styled “ Decterkiy^ Avhich is thus cliaracterizi^d : — “ ^loutli beset 
with a circlet of fine bristles. In the first three genera the mouth is lateral ; 
in the remaining tAvo, anterior.” 

Stein makes Chilodon distinct from Nassida, by its body being compressed, 
having a distinct upper and under surface, and a lip-like process above the 
mouth. 


Chilodon CucuUulusiKolpoda CimiUiis, 
M.) (xxiv. 303-307; xxix. 48-50), — 
Body depressed, oblong or ovate, rounded 
at the ends ; frontal region advancing on 
thoVight side. [Ehrenberg 8tate.s he has 
often seen the straight alimentary canal, 
with its ^ape-like cells, tilled with 
large Contractile vesicles 

from two to three ; nucleus large, oval 
near the centre. The circlet of hjetli 
was stated by Ehrenberg to con.si.st of 
little hard wand-liki‘ bodies, Avliieh tlie 
CT^ture Could ac/parate so as to admit 
into its mouth large living bodies, and 


aftorA\\ard8 contract or clo.se upon tJicm 
(xxiA\ 308, 30i)). The anus is at one 
side of the po.sterior extremity. lii 
.swimming, or cr(*t‘ping upon the .surface 
of Conferva), the mouth is turm*d uiid<*r 
or below. Its motion Is gliding; and il 
doo.s not revolve in .swimming. When 
the Avator i.s coloured, tlie cilia iniiy be 
ea.sily perceived, and their di.sposition 
when it is dried up. (Figs. 305 and 300 
exhibit Intigitudinal, and 307 trails ver.<4e 
si*lf-di vision.) fii fresh and salt water. 
1-1150" to 1-110". 

This speides has received a close in- 
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vestigation by Stein, The circlet of teeth 
(bacillar apparatus, Lachmann) is con- 
structed of no actually separate portions 
or teeth, as Ehrenberg supposed, but is 
nothing more than a thickened a*-.sopha- 
giis with denser rugne, or folds, of a chi- 
tinous composition. From its lowcn* end 
a digestive tube extends to nearly the 
centre of the body. 

C. uncimitus. — Depressed, oblong, 
rounded at the ends. TIkj right side of 
the anterior pai*t is produced, so as to 
appear like a hook or beak. In vegetable 
infusions. l-4‘»0". 

'J'his being is, in Stein’s opinion, a 
more varicity of C, CucitUnfus : the bulging 
out of tlie side has a somewhat hook-like 
process ; but this is a mere accidental re- 
sult following the process of longitudinal 
self-division (Inf us. p. 130). It has been 
seen to encyst itself. 

C. aureus. — Ovate-conical, turgid, of 
a golden yellow colour j dilated and ob- 
tusely rostrated anteriorly, attonuattjd 
posteriorly. 1-140". 

0. onmius . — Ovate subcylindrical, of 
a gohhm yellow colour, equally rounded 
at both ends, slightly beaked j it luus a 
bright violet spot. 1-180", 

'fhe violet spot spoken of has no di- i 
stinctive peculiarity; it is not a normal 
coloured gastric fluid, but only a collec- 
tion of granules, the same os in Nassula 
clvijans. 

This species, together with the fore- 
going C. aureus and the Nassula aureUy 
are so very similar, that Stein doubts 
their iud(}pendent nature, and is more dis- 
posetl to regard them as developmental 
phases of the Scinuj btung. 

C. (Ivprcssus (Perty). — Irregular, with- 
out a beak, and rounded at both ends ; 
coinpresscid ; almost colourless. Trans- 
parent, with greyish contents. Upper and 
under surfae^^s equal ly flat. Tooth-cvlin- 
der very evident. Switzerland. 1-120". 


Stein states that the body is bilateral, 
presenting a distinct right and left side, 
an upper (dorsal) convex and a lower 
(ventral) flat surface. The anterior end 
is much flattened and transparent; and 
being curved towards the left side, gives 
the whole being a somewhat renifoim 
figure. The depression on this side is 
always in advance} of the middle of the 
body, just as in Paramecium Colpoda and 
Colpioda Ctictdlnlus. The anterior, cuiwed 
trmisparcnt end surmounts the body like 
a crescentic process, is furnished with 
longer cilia than cdsewhert}, and may not 
inaptly be called the lip. Vibratile cilia 
cover the body in r(}gular rows, but in 
very young specimens are invisible ex- 
cept on the lip. The oval nucleus is 
hollowtid by a cavity, within which is a 
nucleolus. Ijongitudinal and transverse 
fission takes place in individimls of all 
sizes. The former advances from the 
posterior extremity ; the msophageal 
(dcmtal) cylinder is not divided, but is 
produced de woro in the newly produced 
segment; this st'gment, when first de- 
tached, is the Chilodon uncinatus (Ehr.). 
(Jhihdon Cucidlulus <;ncy.sts itself: a soft 
gelatinous matter is iirst thrown out 
around it, which hardens into tJie cyst- 
wall; during this process the superficial 
cilia and the cesopliageal cylinder disap- 
pear, and at length an oval cyst, with a 
large nucleus, and two to tlireo contractile 
spaces alone appear. Gradually a cili- 
ated cinbi’yo is developed from the 
nucleus, resembling in external charac- 
ters a Ci/clidium Glaucoma. 44io embryo 
escapes from the pari'iit aniiiud; and 
cysts are sometimes found containing 
tlie parent and its ollspring side by side 
within it. 'Fhe devclopmi;nt of embryos 
may go on until the nucleus is expended. 
The size of the germ is determined by 
that of its parent. 


Genus NASSULA (XXIV. 310, 311 ; XXVITI. 2, 3, 1 1-15). — Covered 
with cilia ; ovoid or oblong ; turgid and prominent in front, but without the 
expansion or beak on one side ; mouth lateral, provided with a circlet of teeth, 
in the form of a wheel (nassa). Numerous vacuoles are seen, and in t^Co 
species, as Ehrcnberg states, the discharging orifice. The violet-coloured 
granular spots noticed in Chilodon omiatus occur also in the species of Nassula, 
and are likewise met with in Bursana vernalis, Tracliellus Mcleagins, Ampihi- 
leptus margaritifer, A. Melcagris, and A. longicolUs. “ They resemble,” says 
Ehrenberg, “ the vesicular glands around the stomachs of the llotatoria, and 
are probably of a glandular nature, analogous to biliary glands, and concerned 
in the process of digestion.” The nucleus is large, oval or siflieiical ; and ther§ 
arc one or more contractile vesicles. Only transverse self- division has been 
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observed. They are found in stagnant water, especially where Conferva) and 
Oscillatoria) are present. 

The ^dolet-coloured supposed digestive glands or cells are, in the opinion 
of others, simply vesicles coloured by the Oscillatoria on which the animal- 
cules feed (p. 312). 

This genus and the preceding, Cliilodon, are very closely allied. Stein 
finds the best distinctions between the two in the rounded body with the ex- 
tremities obtuse and rounded oflP, in the case of Nassula, and in the flattened, 


compressed body, with decided ventral 
process, in Chilodon, 

Nassula vlegans (ptiv. 310, 311; 
XXVIII. 11-15). — Cylindrical or oval, 
slightly attenuated in front, extremities 
very obtuse. It is white or gi'eenish, 
spotted with violet vesicles. Vacuoles, 
containing Chlamidomonads or other 
food, may often be observed ; and from 
lifteen to twenty rows of cilia may be 
Seen on one aspect. The animalcule 
swims backward and forward, turning 
upon its longitudinal axis. The mouth 
is easily perceived by the currents when 
indigo is mixed with the water : it has 
a circlet containing twenty-six little 
wands or teeth, which can voluntarily 
diverge or converge anteriorly. Four 
round contractile vesicles, placed in a 
row, occur on tJie dorsal surface, and 
doubtless represent four expansions of a 
continuous contractile ves.sel along that 
region. The violet vesicles mentioned 
are only accidental (i. e. not necessaiy) 
coiled ions of pigment matter, derived 
from the food (see p. 312). When self- 
divi.sion ensues, the large central nucleus 
divides (xxiv. 310, 311 ; the latter is a 
young one). With l-icmiia) and Con- 
ferva). 1-140" to 1-120". Nassula ele~ 
qans is thus characterized by Cohn: — 
Elongate with rounded extremities ; 
oesophagus funnel-shaped; no cylinder 
of teeth present as in N ornata. Con- 
tractile vesicles two; nucleus elliptic, 
with nucleolus lodged in a fossa at one 
end. A large mass of violet granules on 
under surface posteriorly. It resembles 
but is smaller than Paramecium Aurelia j 
and has a similar cuticle. With Bursaria 
truncatellu and Ophryogletia atra. It is 
sipaller than N ornata. Its changes of 
form are remarkable; often dependent 
on swallowed joints of OsciUatorite, Cilia 
very closely disposed. 

^N. ornata {N. viridis?, D.) (xxviu. 
66-71). — Ovate or globular, depressed, 


and dorsal suifaces and with a lip-like 

of a brownish-green colour, variegated 
with numerous violet vesicles. The 
posterior part of the body has a small 
excavation. Ehrenborg says, there aro 
from six to eight groups of vesicles, 
forming a wide circle round tJie mouth, 
tilled with a violet-coloured juice, which 
is discharged with the excreta, and ap- 
pears like drops of oil, but soon mixes 
with and colours the water. It swims 
rapidlv, rotating also on itself, but this 
only slowly. Among swimming clusters 
oi bscillatoruc. 1-96" ; ova 1-4800". It 
has been seen in an encysted state. 

N. nurea, — Ovate-oblong, nearly cylin- 
drical, very obtuse at the extremities. 
Its colour varies from golden yellow to 
a dark brown. 1-120". 

iSteiu hints it as probable that this 
spc'cies and N, viridis (Duj.), Chilodon 
aureus, and Ch. ornalus are merely dif- 
fer(;nt stugtjs of the same animal. 

N. amhitjna (Stein) (xxviii. 2, 3). — 
Rounded, short oval; extremities e(£ually 
rounded. Entire surface covered bv cilia 
in longitudinal rows. The wedge-shaped 
oral optJiiing surmounts a very wide pha- 
rynx (tooth-cylindirr, Khr.) which may 
be easily isolated. The contractile vesicle 
acquires a stellate figui’e during its con- 
tractions and dilatations, like that of 
Chilodon ornatus. The contents ai*e ori- 
ginally colourless, but become tinted 
green, blue, and red successividy, during 
the process of digestion of tlio Oscillatoria 
it feeds upon. It occurs encysted, in 
a transparent, resistant, globular cyst. 
Length 1-240"; width 1-420". 

N. concinna (Perty). — Ovate, hyaline, 
transparent; coverea everywhere with 
fine granules having an annular arrange- 
ment. Dental apparatus particularly de- 
licate, more evident when dried. "Cilia 
very fine ; movements sluggish ; anal 
opening at posterior extremity. 1-210". 


Genus L108IPHON (Ehr.). — Turgid; ciliated throughout; frontul cx- 
treimty advanced beyond the mouth, and not auricula tc. Mouth opens into 
a tubular membranous pharynx, provided with a cylinder of teeth. 
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This is a new genus instituted by Ehrenberg. Its essential distinction from 
Ndsmla is not pointed out, the only one indicated being the prolongation of 
the frontal region beyond the oral aperture. 

Liosiphon fiSJrom/jAiY. — Obtuse, ovate; I pharynx of a clavate outline. 1-36'". 
of a variegated green colour ; tube of | With OsdUatoritB, 

The genera named by Dujardin, having a near affinity with Bursaria, are 
Plagiotoma, Kondylostoina, Opalina, and Parwphrys. Two others, Acineria 
and Pelecida (Duj.), are described as allies of Trachelius, 

Genus OPALINA. — Already described in the Astomatous family Opalinaea 
(yule p. 569). 

Genus PLAGIOTOMA (Duj.). — Body very flat or lamellar, very flexible, 
irregularly oval ; sinuous or cmarginate on one side, and sometimes angular 
behind ; covered with cilia in regular rows ; mouth lateral, near the middle, 
at the bottom of the depression, with a row of strong and very numerous cilia 
in advance of it on its anterior margin, having a comb-like aspect. 

Plagiotoma Lumhnei = Paramecium of a yellowish grey colour from contained 
eompresmm (Ehr.). — Stein shows this to molecules. Owing to its want of trans- 
bo a true Bursaria (see p. 622). parency, the fine short cilia are visible 

P. concimrum (P(n*ty) = Lcucophrys only around the periphery. Motion ex- 
A^umdonUe (Ehr.). — This and the fore- tremely languid, oscillating and revolv- 
going are, in Stein’s opinion, Opalinee ing. 1-260". In the interior of Ano~ 
(see p. 670). donta Cellensis. 

1*. (?) dij/hrmis. — Irregular, thick, and 

Genua KONDYLOSTOMA (Duj.). — Body more or less elongated, cj^lin- 
drical or fusiform, rather crescentic, with obtuse and flattened ends ; mouth 
very large, bordered by very strong cilia, and placed on one side near the 
anterior extremity ; surface obliquely stiiatcd and ciliated. It swallows its 
food, consisting of other animalcules or of vegetable debiis, rather after the 
manner of PlanaricB than of Paramecina; for it does not draw it in by the 
action of its cilia in producing a vortex. It lives only in smooth and pure 
sea-water among Algm, «fec. 

Kondyt.ostoma patens, — Body white, modified in figure by the bulk of food 
or coloured by the food received ; at times swfdlowed. 
vermiform, at others fusiform, and often 

Genus PANOPHRYS (Duj.) (XXYI. 33). — Ciliated throughout; oval, 
depressed, contractile ; becoming ovoid, or even globular, during contraction ; 
surface marked by straight or oblique ciliated strim, crossing one another ; 
mouth lateral. Dujardin writes — “ Being desirous of characterizing Bur- 
saria l)y the row of large cilia, en moustache, which lead to the mouth, I have 
thought it right to establish a new genus for certain Bursa rice, of Ehrenberg, 
which are devoid of this character, and whoso mouth is surrounded by only 
ordinary cilia.” Unlike the Paramecia, they have no anterior oblique foH 
or fossa, and are able to contract themselves into a ball. They differ from 
Holophrya by their lateral mouth. They live either in fresh smooth water, 
or in sea- water among plants. 

In Perty’s system it constitutes a member of the family Paramecina ; and 
this is its true position, if the cilia are throughout of equal length. Indeed 
the characters assumed to be distinctive of it from Paramecium appear to us 
inconclusive. A lateral fold or vestibulum leading to the mouth is not entirely 
wanting, although less developed than in most Paramecia ; and as to their 
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greater contractile power, tliis really 
proper generic character. 

rANOPiiHYS Chrysalis (xxvi. 63). — 
Ovoid, oblong, depressed, mouth accom- 
panied by an enlavgement, and placed 
near the front extremity. l-Jdo" In 
sea-water. 

I*, rubra (?). — lleniform, covered with 
fine cilia, and providt‘d with a lateral 
month near the front extremity. 1-370" 
to l-.'Wo". In sea-water. t)nly pro- 
visionally named. 

V. farcta. — Ovoid, oblong, filled with 
particles of a green reddish-yellow hue, 
or of various mingled colours; mouth 
lateral, placed betwemi the centre and the 
anterior third of the body. Its outline 
is very changeable, its movennuits rapid. 
The colour is seldom green. l-14o" to 
1-05". In marsh-water among plants. 
I tliink it is the animalcule described 
under three names by h^hrenberg, viz. 
Karsana vcrnaliSf li. Icucas, fyml 2L Jlara, 
and is probably the same as Lmcoiihra 
viresccus of AFiiller. 

Although I^erty acquiesces in the be- 
lief that the yellow-coloured specimens 
of this species are the liarsnria Jfava 
(Ehr.), yet he thinks Dujardiii w^rong 
in claiming li, leucas and li, vornalis as 
varieties. 

P. cons^iicun (Periy). — Large ; cylin- 
drical, scjarcely smaller b(diind thjin in 
front ; mouth round. Coloured by food 
dark green. Swims, revolving at the 
same time with moderate speed. l-Oo", 
In peaty ponds with Leiniue. 

P. sonlula ( Perty). — Cylindrical, more 
or less elongated ; colour dark, earthy- 
brown. Mouth small. Cilia covering the 
body, fine. Tlio position of the intcu'iial 
molecules varies even during examina- 
tion, and the figure with them. 1-180" 
to 1-fXJ". Among Cliane. 

P. fjriscola (Piu-ty) (xxviir. 31). — 
Jlroad, disteiuhal ; grey, but transpai’ent, 
with a fine reticulate appearance ; mar- 
ginal concentric strife. Sometimes occu- 
pied with chlorophyll -granules, when 


is questionable, and, if true, is not a 

it much resembles Oph'yoghna ^iseo~ 
Virens, The mouth appears like an 
elliptic fold in a shallow fossa in the 
anterior half. It swims and tiims on 
itself witli much activity. Transverse 
fission observed. 1-300" to 1-108". 
Among decaying plants. 

1*. zonal is f Perty). — bHongated, ovate- 
cylindricfil ; hyaline, witli a central zone 
of dark molecules. Extremities equallv 
wide, and rounded. Fissure of the mouth 
besot with strongcu* cilia. Movements 
rather sluggish, llody ciliated through- 
out. 1-1(58". 

This scarcely seems a true Panophrys ; 
for the oral cilia are said to be larger 
than those on tlu^ body, contrary to 
Diijardiu's cluiracters of the genus. 
Moreover its chief peculiaritv, viz. the 
zone of darker granules, is an insufficient 
specific feature ; and when we are told 
by Perty that he has only once seim a 
small specimen, this supposed species has 
fi‘w chiims to notice. 

P. jyaramvcioidvs (Perty). — Ovlindri- 
cal, slightly curved, its posterior luid 
somewhat thicker than tluj anterior; 
colourless ; rows of cilia very numerous 
and fine. Its molecular structures re- 
sembl(‘s that of Paramecium Aurelia, 
31ovements energcstic, twisting. The 
mouth is placed in a shallow fossa on 
one aide of the body. 1-1(58". An un- 
common form in Switzerland. 

'^rhero is scarcely anything in the above 
description which is not compatible with 
the belief that the animalcule in ques- 
tion is either a liarsaria or a Parameeium, 
>roreover, reference to Ptjrty’s figures 
lends no aid to the determination of the 
qutjstion ; and we must confess our in- 
ability to find, in his illustrations of the 
*^a\\\\^Panophrysy jinv sufficiently detaih^d 
particulars to enable us to distinguish 
either of the specitjs named as members 
of it from probable representatives of 
allied genera. 


•Genus IILEPHAIIISMA (Perty) (XXVIII. 33, 34). — Body compressed, 
lancet-shaped, with a pointed posterior extremity, whence a deep fos.sa ex- 
tends as far as the middle, fringed with longer and straightcr cilia than cover 
the rest of the body. Tlio internal molecules ani ilisposed in longitudinal 
rows, over which the very fine and inconspicuous cilia arc arranged. 


Blf.piiarisma hyalimnn (xx\^II. 33, 
34). — Colourless, except when occupic^d 
by 8wallo^yed chlorophyll-particles. Body 
thin, flexible, and changeable in form"; 


older specimens arc broader. Movements 
vari(!d and tolerably rapid. Sometimes 
a few large and non-vinratilfj filaments 
appear to iasiie from the oral fossa. 



Among Conferva and Lemnce ; not com- specimens paler. Fission transverse, 
uion. 1-210" to 1-144". At Bern, with the 

B. pcrsidnum = Trichoda striata (?) preceding; rare. 

(Miill.). — Colour reddish-yellow ; young 

Genus ACINERIA (Duj.) (XXVT. 21 a, 7>). — Body oblong, depressed, or 
lanceolate, with a row of cilia extending forwards on one side, which is curved 
like a sabre. Distinguished from Traclielius by the disposition of the row of 
cilia and the curvature forwards. As in Traclielius, the examples of this 
genus seem destitute of a mouth, and in this respect they especially differ 
from those of Pelecida, 

Acinehia incurvata (xxvi. 21 a, h). — pears to bo without a reticulated and 
Contractile, oblong, compressed, almost contractile intogiiment. 
lamellar, roimd or obtuse behind, con- A. acuta. — Diaphanous, with granules 
traded and curved in front; a row of dispersed in its interior; oblong, corn- 
cilia runs along the convex edge ; and pressed, pointed at its tAvo ends ; or 
there are five or six granular stripes, * lanceolate, with one side more coiiA’ex 
and one or more variable vacuoles. I in front and fringed with cilia. 1-580". 
1-590". In the Mediterranean. It ap- | In pond-water. 

Genus BELECIDA (Duj.). — Body flexible, contractile, oblong, compressed, 
rounded behind, cuiwcd in the form of an axe in front, ciliated throughout, 
and furnished with a mouth either visible or indicated by the various objects 
met with in the interior of the animals. 

The animalcule assumed as the type of this genus is the Loxodes Ilostrum 
of Ehrenb(>rg. It is stated to difler from the Paramecina by the absence of 
a contractile integument. Perty introduces it into his system. 

Pklecida Rostrum (Dnj.) = Loxodes to four longitudinal folds. Colourless, 
Rostrum (Ehr.). 1-320" to 1-210". Bern. In ponds, &c. 

P. costata (Perty). — Small ; with two 

Genus LEMBADIOX (Perty) (XXVIII. 50, 51).— Body oval, rather ven- 
tricose; with one more or less deep and wide furrow running nearly the 
entire length of the ventral surface. About twenty rows of cilia on the dorsal 
aspect ; on the margin of the furrows, and at the posterior extremity, aro 
longer cilia. 

Internally from rivo to eight translucent large round vesicles arc visible. 
In Perty ’s classification this genus is a member of the family Bursarina 
(see p. 621). 

ljVMT\\moy ’bidluwm = 2iursaria bul~ which is identical Avith the present 
lina (Mull.) (xxauu. 50, 51). — lly.alinc, species, as the same organism as his 
filled with A'cry delicate molecules ; the Glaucoma scintillaus. 
spherical and often very large internal li. (?) duriusculum. — Colourless, ellip- 
vesicles di Her much, both ill number and soidal, AAuth a keel or ridge along its 
position. A proboscis-like process occiii’s upper surface; the under suriace soine- 
at the anterior extremity. MoA'ement Avliat concave. It appears lolerabh'^ stiff 
tolerably quick, ofUui gyrating. Trans- and finn in consistence ; the cilfa aro 
verso fission has been ohserved. 1-240" A’cry fine, and its movements sluggish, 
to I-IJK)". In spring-Avater. Bom, Du- 1-720" to 1-620". The position of this 
gano, &c. Ehrcmberg has erroneously animalcule in this genus is doubtful, 
cited the Bursana hiiUina (Schrank), 

Genus IIABMODIBUS (Perty). — ^Body globular, having a moveable elon- 
gated lip or proboscis anteriorly. 

It is a member of the Trachelina (Perty), and is represented as being in 
part equivalent to AmjdiUcptus (Duj.) tind to TracheUus (Ehr.). 
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IlABMOBmus Ovum, — Tho proboscis 
is not SO much a process of the substance 
of the body, as like a jointed finger or 
segment ; it has a jerking movement in 
one direction, yet it appears frequently 
stretched as a stilf process from one side. 
Cilia extremely fine; thirty rows have 
been counted on one side ; they are most 
evident near tho proboscis. Diastrophy 


may be frequently witnessed. 1-180'' to 
1-30". In fresh and bog water, with 
Lemnm. This species is doubtless tho 
same as Trcuihelim Ovum (Ehr.) and Arn- 
phileptm Ovum (l)uj.) ; and we do not 
conceive the necessity of elevating it to 
the rank of a genus on account of the 
slight dilferential character of the pro- 
boscis, as Perty has done. 


Genus CINETOCHILUM (Perty) (XXVIII. 35).— Small, short, eUiptical, 
somewhat compressed ; vibratilc fiap on tho posterior half. 

CiNETOCiiiLUM margaritaceum^ Cyclidium margaritaemm (Ehr.) (seo p. 673). 


Genus CYCLOGRAMMA (Perty) (XXVIII. 36, 37).— Body small, having 
the form of Paramecium ; with concentric striae on the margin, and a lateral 
depression near tho foro part, where a mouth, with an obscure but peculiar 
apparatus of from four to seven biistles, is apparent. It is a member of a 
family called Decteria (seo p. 624). 


Cyclogramma rubem. — Colour yel- 
low, seldom green, or reddisli -white. 
Mostly rather compressed; rarely sub- 
cylindrical. Cilia very line, with tho 
exception of those on the margin, which 


arc an’angcd in circidar rows. Move- 
ment commonly sluggish. The dental 
apparatus is evident in some examphvs, 
but undisco verable in others. 1-480" to 
1-300". I*onds, Bern. 


FAMILY VIII.— OPHRYOCERCINA. 


Polygastria without lorica ; alimentary canal with two distinct orifices, of 
which only the anal one is terminal. Although their motion is rapid, cilia 
are perceived near the mouth only, though they probably cover the body ; 
the long neck assists in swimming, and indeed is suflicient alone. Granules 
(ova?) are seen in all the species, and a contractile vesicle in T, biceps. 
Self-division probable, but not observed. 

No such family as Ophryocercina enters into tho system of Dujardin, tho 
animalcules composing it being all referred to tho genus Lacrymaria (see 
p. 609) ; and conseciuently that of Trachelocerca is merged in the same. 

On the other hand, Perty retains this family name, but, unlike Elirenberg, 
compreliends in it both Trachelocerca and Lacrymaria : moreover he assigns 
to Trachelocerca a wider generic signification, so that it includes also Phialina 
(Ehr.). Again, this family is the representative of one of his three chief 
sections of Ciliata, viz. Metabolica, thus defined : — “ Animalcules very con- 
tractile, undergoing protean changes of figure by tho expansions and con- 
tractions of the body. Cilia scarcely visible upon the body, but clearly seen 
on its neck-like process.” Lachmann describes the ocsoiihagus in this family 
to be collapsed, or invisible, except during the passage of food. 

•Genus TRACHELOCEIICA. — Characters os above. 


Trachelocerca Olor ( Vibrio Proteite^ 
Cygnus^ at Olor, M. ; Lacrymaria Olor, 
D.) (xxiv. 317, 318, 319). — Spindle- 
shaped ; neck, very long, and flexible, 
terminated by a dilated and ciliated 
mouth. The surface is beautifully reti- 
culate in this and the following species. 
This creature creeps at the bottom of 


' the vessel containing it, and twines 
itself gi-acefully about Confervas, or the 
roots of Lemnse, but swims awkwardly. 
It elongates and contracts its nock at 
pleasure, and is altogether an interesting 
object for the microscope. Greatest 
length 1-36". It has been found en- 
cysted. 
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T. viridia (Lacrymaria viridia, D.). — 
Spindle-shaped, neck simple, very mo- 
bile, long, and dilated at the mouth, 
which has a ciliated lip. Amongst 
Lemnao. Length 1-120”; contracted 
1-380”. 

Perty changes the specific name to 
** linguifera^' and has the very good, 
reason for so doing that the green colour 
is no distinction, because it is often 
changed to brown, and, besides various 
inteniK^diate tints, is at times greyish or 
colourless. Unlike T, Olor, the nock is 
surmounted by a moveable Hap or pro- 


cess, styled a tongue, fringed with di- 
stinct cilia. Perty speaks of specimens 
1-72" in length. 

T. hicepa. — Spindle-shaped, white ; 
neck long, forked, each segment with a 
mouth. 1-190”. 

This can have no claim as a species, 
since it is evidently nothing more than 
an animalcule in the act of longitudinal 
fission, not far adv»mced. 

T. SayiUa= Vibrio Sagitta (M.). — Fu- 
sifonn, white ; neck very long ; head ter- 
minal, opaque. 1-120”. North Sea and 
Baltic. 


FAMILY IX.— ASPIDISCINA. 

(XXV. 321-323.) 

Distinguished from the preceding family by the presence of a lorica. The 
alimentary canal has two orifices, of which the discharging one only is terminal. 
The lorica is firm, very transi)arent, and combustible, somewhat resembling 
the shell (carapace) which covera the back of a tortoise ; it i)rojects anteriorly 
a little beyond the body. Long flexible bristle-like organs attaclied to the 
abdomen enable the animalcules to climb, while the delicate cilia near the 
mouth serve both as swimming and purveying organs. Numerous vacuoles 
have been filled with coloured food by Ehrcnberg, who has also seen the 
discharge of matter posteriorly. An oval nucleus and a contractile vesicle 
occur in both species. Miiller obsei^^ed self-division, but mistook it for 
copulation. They arc not developed in large masses. 

Genus ASPIDISCA. — Chai’actcrs as above, 

AsriDisc A lyncetis (Trichoda lyncetis, i underneath. Amongst Lemnu) and Con- 
M.). — Lorica nearly circular, truncated 1 fervie. 1-1000” to l-67()”. 
at the posterior end, and formed into a | Stein asserts that it is an error to 
hook or beak in front. Mouth furiiishtjd ! detach this species from Euplotes, with 
with very delicate cilia ; five or six | which it has the closest affinity, aud to 
bristles (styles) are affixed posteriorly, ' elevate it to the rank of a family in 
and from five to eight hooks anteriorly, | immediate contiguity with Colpodca, 
whereby a resemblance to Euplotes and with which it has no natural relation. 
Stylouychia is established. A contractile ' A. denticulata. — Lorica nearly circular, 

vesicle, near the mouth, and twenty ; under side truncated and dcnticnlatod, 
vacuoles have been seen. When burnt i flat; back arched. The uncini are visible 
upon platina no traces remain. Gene- only when climbing. 1-76”. 
rally swims or creeps with its back ! 


FAMILY X.— KOLPODEA ok COLPODEA. 

(XXIV. 312-316; XXV. 325-335; XXVI. 23, 32, 33; XXVIII. 24-26, 
31, 33, 34; XXIX. 19, 20, 25-47.) 

Animalcules ciliated throughout ; the cilia disposed in longitudinal series, 
and either of uniform length throughout, or of larger growth at particular 
parts, especially about the mouth. Bo'th mouth and anus demonstrable, 
always lateral, sometimes situated on the same side, at others on opposite 
sides of the body. 

Except Ampliileptus and UroUptus, the other genera have both the mouth 
and anus on the ventral surface. In the former genus Lachmann likewise 
describes the oesophagus to be coUi^sed, except during the passage of food, 
when it presents tho appearance of a .canal. In all other genera of Kolpodea 
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the oasophapgus is distinct, of considerable length, and ciliated, but not thick- 
ened at any portion so as to produce the appearance of a dental cylinder dr 
bacillar apparatus.” Coloured food received by all the species. Contractile 
vesicles one or two in number, and in Paramechim of a steUato figure. 
Nucleus usually rounded, oval or reniform. A red spot, eye-speck or stigma, 
is common in Ophryoglena. Propagation takes place by fission, which may 
bo either transverse or longitudinal ; by the production of single living em- 
bryos (at least this occurs in Parartiechmx and Colpodd) ; and, in Perfy and 
Cai tor’s opinion, by numerous genns or internal ova. The encysting-iu'occss 
has also been seen in^ all the genera except UroUpius, The integument of 
Kolpodca is reticulated, presenting a Beautiful diamond-pattern, and having 
a cilium seated in the centre of each Ipzeuge. 

The Kolpodea are highly-organized Ciliata, although inferior in this respect 
to the Yorticellina. The single circumstance of the limitation of the cilia to 
the head in the latter family is of itself, according to a weU-recognized law 
of animal life, an intimation of a higher grade of organization. 

The genera are disposed as follows : — 



Short protruding tongue. 1 

1 absent posteriorly 

.. Kulpoda. 


Cilia ) 

[ present everywhere 

.. Paramecium. 

Eye absent - 

No tongue • 

I" Willi tail and proboscis. . . . 
[ With tail, no i>roboscis . . . . 

... Ampliilcptus. 

.. Urolcptus. 

Eye prcfcnfc . . . . 



.. Ophryoglena. 


This family corresponds generally with that of the Parameciens or Para- 
mecina (Duj.), thus defined : — Body soft, flexible, variable in form, but 
mostly oblong and more or less flattened ; provided with a loose, reticulated 
int('gumcnt, upon which numerous vibratile cilia are disposed in regular 
soiies. Mouth present. The genera includ(>d arc : — Lacrymaria, Plcuronemaf 
Gh(ticoma, Koljwda, Paramecium, Ampliihptus, Loxophijlhim, ChUodon, 
Panophrifs, Nassula, Holophrya, and Prorodon, 

Dujardin ohseiwes tliat Lacrymaria and Plcuroiuma should probably bo 
placed in a distinct family, since the mouth is rather presumed than demon- 
strated in them. This is, however, a reason which, in the present day, would 
not be held valid, as the evidence of a mouth is equally strong in them as in 
others of the genera enumerated. 

Perty also has constructed a family Paramccina, containing the genera 
Ophryoghnn, Panophrya, Paramecium, Blepharisma, and Colpoda, and briefly 
charjictcrizcd as having the body covered with longitudinal rows of cilia, and 
a lateral mouth often within a fissure. Lastly, ifr. Carter has instituted a 
new genus, named Otostoma, referable to this family, being a close aUy to 
Paramecium. 

Genus KQLPODA or COLPODA. — ^Body ovoid, sometimes reniform ; a Bttlc 
tongue -like member (a tuft of cilia) inscried in the oral cavity ; ciliated in 
front and partly beneath ; eye-speck wanting. The mouth, posterior termi- 
nation of the alimentary canal, and numerous gastric ccUs may be demon- 
str.ated by coloured food ; the two orifices are both on the ventral surface. 
“Ova,” adds Elirenberg, “ occur in delicate strings, forming a sort of network ; 
and their extrusion has been seen in one species. A round contractile vesicle 
is observable in two species, and two such in another. A large round or 
oval gland (nucleus) is found in the centre of the body.” Self-division both 
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transverse and longitudinal. Their motion is not active, the locomotive cilia 
being few. 

Dujardin, speaking of this genus, says, Among Ehrcnborg’s Kolpodcn, 
which should possess a short tongue, and bo ciliated only on the ventral 
surface, but one species, K. Cmullus, is with certainty numbered ; the K, Rm, 
and K, CucuUio have been referred to the genus whore, indeed, we still 
leave them. However, Ehrcnberg places among the Parameda, under tho 
appellation of P. Kolpoda, some large animalcules, ciliated throughout, which 
we regard as only more developed forms of Kolpoda Cucidhis” 

Stein expresses himself on these views thus {Inf us, p. 131) : — Under tho 
name of Colpoda CucitZ/tts Dujardin ha6 described iXui Paramecium Co^ot?«,Ehr., 
appearing either to bo unacquainted with the true Colpoda, or to have looked 
uj^on it as an undeveloped state of Paramecium Colpoda,^^ The distinctive 
characters between these two animalcules undiGhilodon Cumllulm are thus laid 
down : — All these three forms are similar in outline, Chilodon Cumllulus and 
Colpoda Cucullus being really in most respects undistinguishable. Paramecium 
Colpoda is devoid of the peculiar lip, but has, on the other hand, an expanded 
anterior extremity (brow), lying over and above the oblique infundibulum, on 
one side of tho body, leading to the mouth. Chilodon Cucullulus disjdays, by 
the action of chemical reagents, about the middle of its ventral surface its 
special form of ])barynx or (rsopbagus : it is, besides, ciliated all over ; but this 
is a criterion determinable Avith difficulty, j)articularly. in young specimens. 
In Colpoda Ciimllus the mouth is quite simple, and placed in the lateral de- 
pression ; the distribution of the cilia is always parfial, chiefly limited to tho 
lip. In Paramecium Colpoda the mouth (oral aperture) lies at the bottom of 
a deep longitudinal fold (fissure) on one side of the body, is bounded by two 
very motile lips, and conducts into a shorf, thin, walled, ciliated oesophagus ; 
the nucleus is oval, large, homogeneous, and finely granular ; and the body is 
very evidently ciliated all over. 

Kolpoda )(xxv. 324-327; of a portion of tho animalcule was an 

XXIX. 35-*17). — Turgid, slightly coni- act ot oviposition, thought to further 
pressed ; kidiicy-shap(*d. Tho (concavity establish it bv remarking tho prestjnee 
in wliicli tho oral aperture is situated is of numerous iMonadifonn beings about 
occupied by a process called by Ehren- it, which he concluded wore developed 
berg a tongue,” but Avhich Stein has from tho supposed ova, as tho first phase 
shown to be a bundhj of longer cilia, of future Colpoda:, Such an inteiprcta- 
33ie cilia are not distributed over the tion has no evidence to support it, and 
whole surface, but limited to the convex is rejected by Stein, (xxv. 324, the 
surface of the ant(;rior half, augmenting nonnal fonn ; fig. 325 represents the 
in size as they approa(di its elongah^d and aninialculo, as Ehrenberg conceived, de- 
expanded, wide lip-like or frontal pro- positing its ova in a not-like mass, or, 
cess above tho oral fossa, and to a ridge as others would interpret it, in process 
extending downwards and backwards of diffiuence ; and figs. 32(1, 327, young 
from that fossa. The granules in the animalcules, Avhich resemble Trichoda 
interior are frequently so numerous as pyriformis.) Common in vegetable in- 
to render it opaque ; "they also gii^e it a fusions. 1-1800” to 1-280”. 
grey colour, llie single contractile ve- K. (.^) Ren, — Ovate, cylindrical, kid- 
sicle is seated close to the posterior ney-shaped, and rounded at the ends, 
extremity; the nucleus is a circular disc In river- water. 1-288”. 
containing a nucleolus, and nearly cen- K. (P) CttcHlUo{^L)=Loxodes Chmdlio, 
trnl in position. This animalcule has (Perty). — Compressed, plane, elliptical, 
not been seen to undergo fission whilst slightly siniiated anteriorly. Ehrenberg 
in the free state ; the process, hoAvever, remarks that neither cilia nor tongue- 
goes on after it has ency sted itself, with like member was observable by him, 
various modifications in the’ results (see and that its generic situation is there- 
Part 1. p. 350). Ehrenberg having fore imcertain. Perty, however, ha| 
adopted tlie notion that the breaking up noticed such a process." 1-900'*. 
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^ l^,Luganmm (Perty). — Large^ brood, 
slightly convex on one side. Oral in- 
fundibulum deep. Rows of cilia un- 


usually numerous. Movements slow; 
internal corpuscles green. 1-130". It 
is probably a Kolpoda, 


(Jenus PARAMECIUM (XXV. 329-332; XXIX. 25-34).— Body oblong, 
compressed, ciliated on all sides ; mouth lateral, with a tongue -like process ; 
no visual point. The cilia are disposed in longitudinal series ; those ncai' the 
mouth are sometimes longer than the others, and are alone subsoi'vient to 
locomotion, except in two doubtful species. In 1\ Chrysalis the long oral cilia 
are remarkable. The digestive cells, Ehrenberg proceeds to say, arc iiuinorous, 
amounting to more than a hundred, and are arranged in a berry -liko manner 
along the curved alimentary canal : in five species they have been demon- 
strated by artificial means, in a sixth by its usual green food. The ova in 
two species are seen as a granular mass. In all, except one species, male 
organs are visible. The curious star-like contractile vesicles in the larger 
species are higlily interesting, when physiologically considered, as are also the 
Uttlc black bodies seen in P. Aurelia. In four species complete self- division, 
transverse and longitudinal, has been observed alternately. This genus gives 
name to a family Parameciens or Paramcciua in the systems of Uujardin and 
Perty. 

Stein makes the uniformity in length and thickness of the cilia a character- 
istic of Paramecium, which distinguishes it both from Loxodes and Bursaria, 
which have larger and stronger cilia about the mouth than cover the rest of 
the body (see p. 285). Ehrenberg’s statement that those about the mouth 
arc longer than the rest requires correction ; and the instance {P. Chrysalis) 
cited indicates only that tliis species is not a Paramecium. Other par- 
ticulars requiring revision are, that Pararnecia have numerous stomachs dis- 
posed as offsets upon a curved alimentary tube ; that the granular mass in 
the interior consists of ova. The male organs refcTred to are the nucleus and 
contractile vesicle or vesicles. In P. Aurelia and P. Bursaria Lachmann 
states that the anus may be frequently recognized, in the fonn of a small pit 
on the surface of the animals, even for a considerable time before and after 
an excretion. 

In Our remarks on Panopjikys we have expressed a doubt as to the inde- 
pendent position of that genus apart from Paramecium. 


' Paramecium Aurelia (M) (xxv. 329- 
332). — Club-shaped, cylindrical, slightly 
attenuated anteriorly. An oblique longi- 
tudinal fold borders upon the very much 
receding mouth. Elirenbcrg states that 
he has seen small dark crystalline bodies 
abundant in the frontal region, which, 
ho conceives, are indications of the pre- 
sence of nervous matter, as such ciy- 
stallino bodies often accompany it. These 
creatures appear to him also to have the 
sense of taste, since in the same jpoup 
some individuals prefer one kind of food 
and others another. This may be' ob- 
served by mixing blue and red colours 
together, when some will feed upon the 
former, oth(;rs upon the latter, as indi- 
cated by the colour of the digestive 
cells: in some the cells have a violet 
hue. After being fed with colour, they 
may be dried upon glass or mica, And 


thus preserved. According to the hypo- 
thesis of Ehrenberg, the rays of the star- 
liko vesicle are spermatic ducts, through 
which the fluid is forced upon the ova 
in the vicinity by the constantly repeated 
acts of contraction of the vesicle. The 
ducts are long, and cuter the ovarium at 
many points (see p. 312 et seq.). The 
expulsion of ova has frequently been ob- 
served. The colour of these animalcules, 
when bearing ova, is white by refiected 
light, and yellow by transmitted ; hence 
the names “ gold and silver little fishes,” 
so often applied to them by Joblot and 
others ; those devoid of ova are colour- 
less. The (dlia ore best seen when the 
water is coloured ; there are from 20 to 
52 longitudinal rows along each side of 
the body, according to Ehrenberg, who 
says that in some rows he counted from 
($0 to 70 cilia, making 3040 organs of 
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locomotion^ and that each cilium is placed 
upon a sort of litUo knob or ai*ticulated 
base (see p. 286). (Fig. 329, a dried spe- 
cimen ; fig. 330, a creature feeding upon 
indigo, the particles of which around 
indicate the currents produced by. the 
cilia; fig. 332, an ideal view, to show 
the structure of the nutritive organs as 
stated by Ehrenberg; fig. 331, a young 
specimen, of the noimal shape.) Abun- 
dant in vegetable infusions, and increases 
so rapidly in stagnant waters that some 
have referred their marvellous abundance 
to spontaneous generation from elemen- 
tal primitive matter. 1-120" to 1-06". 

1*. caudatum. — Spindle-shaped ; obtuse 
anteriorly, attenuated posteriorly. Not 
in infusions, but in ponds, amongst 
decayed sedge-leaves and Conferva). 
1 - 120 ". 

P. Chrysalis (^l.^^Plmronmia c?*as^ 
stim (Duj.) (xxvi. 23). — Oblong and 
cylindrical, equally rounded at both 
ends ; cilia about the moiitli very long. 
This species, like Aurelia, is often 
developed in such vast myriads that the 
water nas a milky hue, the masses as- 
cending or desceniing in the fluid : this 
appearance may bo productjd by slightly 
snaking the water. In infusions and in 
salt water. 1-240" to 1-190". 

If tho uniform length of the cilia be 
admitted a generic character of Para~ 
mecium, this species, which has several 
very long bristly cilia proceeding from 
tho oral fissure, must be excluded. Both 
Duiardin and Perty have proposed this, 
and made Parameemm Chrysalis the re- 
presentative of a genus styled “ Pleura- 
uema.'^' 

It is usually filled with greyish mole- 
cules and vesi(;les, and rarely coloured 
witli chlorophyll. Fission longitudinal. 
The long fibres from tho lateral oral 
fissures are from two to twelve in num- 
ber, and, though frequently shorter, are 
at times equal to or even much longer 
than tho body, and serve to vary its 
movemimts by their activity. 

P. Kolpoda {Kolpoda lien, M. ; K. Cu- 
eullus, ]).). — Ovate, slightly compressed ; 
ends obtuse, tho anterior attenuated and 
slightly bent like a hook. Found espe- 
cially in infusions of Urtica diaica (the 
stinging nettle). Perty is disposed to 
believe this fonn to bo an earlier stage 
of P, Aurelia. 1-240". 

P. (?) Sinailirum. — Elliptical, com- 
pressed, the back and under side cari- 
nated (ket?led) ; frontal cilia indistinct. 
Amongst Ooiifervae, in a brook on Mount 
Sinai. 1-288". 


P. (?) ovatum. — Ovate, turgid ; an- 
teriorly attenuated and rounded. In 
stagnant river- water. 1-288". 

P. cmnpresmm {Bursaria Lumbrici, 
Stein). — Elliptical or reniform, com- 
pressed. An oblique 'wreath of long 
cilia reaches to tho middle, where the 
mouth, with its slight tongue-like pro- 
cess, is situated. Found in the river- 
mussel (Mya), and in the intestine of 
the earthworm (Lumhricus). 1-240" to 
1 - 210 ". 

Diijardin takes this species as the typo 
of a ncwlv-formed genus, Plagiotoma,^' 
characterized especially by its com- 
pressed lamellar figure, and by its para- 
sitic habitat. Its cilia are described as 
disposed in longitudinal rows over the 
surface (vide ante, p. 027). 

We agree with Stein that there is no 
good reason for framing tho genus Pin- 
gioioma, as Dujardin has done, on tho 
characters of this animalcule. If it have 
no mouth it should take its place among 
the Opalines \ and it is to be remarked 
that though Diijardin clearly saw a deep 
fold or fissure — a feature of Opalmoi — he 
could not succeed in artifiirially feeding 
the animal with coloured food. At all 
events, it has certainly no right to a place 
among Parameda, since the crest of 
longer cilia about tho mouth-like fossa 
refers it (supposing it to have a mouth) 
to tho Bursariee. 

P. Milium ( Cyclidium Milium, M.). — 
Small, oblong, trilateral; rounded equally 
at both ends. In coloured water tho 
body is seen vibrating. 1-1150". 

P. Bursaria = Loxodes Bursaria (Ehr.) 
(XXTX. 25-34). — ^It fe not a Loxodes, since 
all its cilia are equal and similar, Ehr- 
enberg being in error respecting the ex- 
istence of a larger sort in the infundi- 
bulum leading' to the mouth. 

P. versutnm (Muller) =iwrsona ver- 
nalis (?) (Ehr.). — Perty revives this spe- 
cies ; Wt Lachmann (.4. N. //. 1867, xix. 
216) thinks it unnecessary to do so, “ as 
there is scarcely any certainty in the 
synonymy previous to Elirenberg; and 
we should never again infroduce an older 
specific name: for an Infusorium if it has 
a name given to it by Ehrenberg, even 
when it is not improbable he may have 
overlooked an older name.” 

b. rar. Alpina (Pei*ty). — Smaller, 
plaited, stouter and more cylindrical 
than P. rersutum. 

P. griseolum (Perty). — Little trans- 
parent, being filled with greyish mole- 
cules ; border very delicate. Nine to ten 
longitudinal plaits on the surface. Move- 
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ment sudden, frequently oscillating. 
1-430.” 

P. aurcolum, — Transparent, peach- 
coloured or golden yellow ; plaits strong. 
Movements sluggisn. 1-^30”. 

P. leuca8=Bursaria leiicas? (Elir.). — 
On one side a liom-like process, and on 
the other a pair of eminences project. 
Movements slow. 

1\ stomioptycha (E.). — Oblong, ob- 
tusely ovate, turgid ; oral aperture large. 


reniform, cilia long; body marked by 
circular folds ; lip with peculiar appen- 
dages ; vesicles two, stellate ; nucleus 
elongated, cylindrical. Mouth occupies 
the anterior third of the body, sur- 
mounted, however, by its obtuse frontal 
end; cilia dense, in longitudinal rows; 
vacuoles numerous; colour y(;llowish- 
white ; nucleus above oiie-third of the 
entire length, which vaiies from 1-24'” 
to 1-16”'. 


Genus AMPHILEPTUS. — ^Tongue-like process and cyc-speck absent; but 
the body is furnished with a proboscis and tail, and is elongated fusiform or 
lanceolate. Cilia numerous, disposed in longitudinal series : in one species 
cilia are not visible ; but in this the flexible attenuated extremities of the body 
serve their office as locomotive organs. In some the tail (foot) and proboscis 
(brow) are rudimentary. Numerous vacuoles filled with food may be fre- 
quently seen ; the mouth and anus arc usually distinguishable. A, marga-^ 
ritifer has a pale rose-red fluid. A contractile vesicle and a nucleus are 
found; the latter is globular or monililbrm. Self-division occurs both 
transversely and longitudinally, or transversely only. 

Speaking of Ehrenberg’s distribution of this genus, Dujardin remarks — 
“ This author, whilst assuming the presence of proboscis and tail (as a clia- 
racteristic), yet refers to the genus animalcules Tvithout tail, and dilated and 
rounded posteriorly ; and on the other hand, whilst intent on seeking a 
distinctive character for liis different families in the position of the anus, 
which he attributes to all his Enterodelous Infusoria, he has left in his genus 
Trachelius several species which to us aiipear to belong to AmpliilepUis, and 
has himself several times tiansferred some species from one genus to the 
other.” The Amphileptm Anser is taken by Dujardin as the type of a genus 
tenued Bileptus, and A,Melea(jris of one termed Loxophyllum, AmphUeplm is 
the name of a genus comjirehended by Forty in his family Trachelina, whi(;h 
appears generally equivalent to that bearing the same name in Ehrenberg’s 
system ; but it contains besides, Trachelius vorax. Cohn remaks that it is 
imperfectly distinguished by Ebrenberg from Traclielius, 

The Ampltilepti arc commonly found in the limpid Avatcr of marshes or 
brooks, among ac^uatic plants. 


Amphileptus Amer (Vibrio Amcr et 
CyymiSj M. = Dileptiis, I).) (xxiv. 312, 
313). Turgid, spindle-shaped ; pro- 
boscis obtuse, same length as body ; tail 
short and acute. The nock-like pro- 
boscis is in reality a brow or upper lip, 
the mouth being at the base. Ehrenberg 
thinks he has se(;n the anal opening upon 
the dorsal surface, near the tail. The 
motion of the body is slow, but that of 
the proboscis more active. It is very 
often coloured green with chlorophyll, 
received os food. Amongst dead sedge- 
leaves, &c. 1-120". 

A. maryaritifer. — White, slender, 
spindle-shaped ; proboscis acute, equals 
the length of the nody ; tai^ short. The 
most ^ striking features are the swollen 
margin of the mouth, and nccklacc-like 


series of vesicles disposed along the 
body. It feeds upon green Monads, like 
the preceding species in Ehrenlxu'g’s 
figures. Cilia are not shown. Amongst 
colonies of VorticeUfCy &c. 1-72". This 
species is the counterpart of the prq- 
ctiding; and the distinction found by 
Ehrenberg in tlie necklace-like vesicles 
has no value as such, since theso vary 
both in numb(jr and position according 
to the abundance of food and other 
external circumstances. 

A. momliycr. — Turgid, ample, white ; 
proboscis and tail short. It has a 
necklaco-liko collection of rose-coloured 
vesicles. Amongst duck-weed. 1-90” 
to 1-72". 

A. riridis. — Turgid, spindle-shaped, 
green ; ])roboscis and tail short and 
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transparent. Amongst Lemnse. 1-120" 
to 1-90". 

A. Fasciola ( Vibrio Anas, Fasdolcif et 
intennedim, Paramecium Fasciola, IVI.) 
(xxiv. 314-310 ; xxix. 19, 20). — White, 
depressed, linear, lanceolate, convex 
above, Oat beneath. When viewed from 
above, from ten to twelve longitudinal 
rows of delicate cilia may be seen, and 
in the middle of the body two round 
nuclei, and behind th(im a contractile 
vesicle (xxiv. 314, 315, 316). In infu- 
sions, in marshy ponds, &c. Perty statcis 
that ho has found it at an elevation of 
6000 feet on the Alps, and also beneath 
the ice. Cohn has watched its power of 
encysting itself. (Siebold’a Zeitschr, 1854, 
V. p. 430). 1-720" to 1-144". 

A. MeJeayris (Kolpoda, M. ; LoxophyU 
him Melvayris, 11.). — Large, compressed, 
mombranous, broadly lanc(;olate in 
shape, with the crest of the btick denti- 
culated. The coloiu* of this interesting 
animalcule is white. On the under side 
there is a more or less distinct row of 
eight to ton bright colourless spots. 
These spots arc, however, in no constant 


number, as Ehrenberg supposed ; for they 
are nothing more than coloured-food 
vacuoles, which sometimes completely 
fill the animalcule. With Lemnj©. 
1-72". (See notes on Nassula, p. 625.) 

A. lonyicollis (Kolpoda ochrea, Trichoda 
Felis, M.). — Dilated ; turgid posteriorly ; 
attenuated and elongated anteriorly, like 
a sword. Amongst Lemnoo. 1-120" to 
1-96". 

A. (?) papillosus, — Depressed, lanceo- 
late, fringed with papilla) ; tail and pro- 
boscis smooth. Amongst Conferva). 
1-600" to 1-430". 

A. Sphaynu — Depressed, linear or 
linear-lanceolate ; proboscis truncate 
and keeled ; tail acute ; fringed with 
cilia on one side ; green corpuscles oc- 
cupy the centre, leaving the extremities 
of the body colourless or hyaline. 1-48" 
to 1-12". Proboscis is one-fourth the 
length of the l)ody. Nucleus ovate; 
cilia disposed spirallv. Vacuoles some- 
times enclose Bacillaria. Ovules (?) 
large. Approaches A. Fasciola in general 
characters. On submcrgeil Sphaynum, 


Genus UIIOLEPTUS (XXV. 333). — Furnished with a tail; oyc-spock, 
tongue-like process, and proboscis absent. Locomotion efibeted by the cilia, 
which cover the body, and are, in three species, evidently disposed in rows. 
Numerous vacuoles and a mouth have been demonstrated by coloured food ; 
but a discharging orifice has not been satisfactorily determined. Green- 
coloured granules are evident in two species, but no nucleus or vesicle. 

This genus of Ehrenberg (says M. Dujardin), judging from the figures of 
most of its species, should bo in part united with Oxytriclia, Thus Uroleptus 
Piscis seems identical with Oaiytricha caudata (Duj.) ; U, Masculus (Ehr.) is, 
in figure, an OxytHclia ; whilst U, (?) Lamella is probably a Trachelhis, and U. 
Filum is rather allied to Spirostomum amhiyuum. If these views be correct, 
Uroleptus should bo erjised from the list of genera. Three species counted in 
this genus by Ehrenberg are rejected from it by Perty, and allied with Oxy- 
tricha, — viz. (I. Musculus, U, Piscis, and If. Lamella. 


UnOT.EPTUS Piscis (2'riclioda Piscis, 
M.). — Green ; in figure like an elongated 
top, gradually attenuated posteriorly, 
forming a thick tail, covered with cilia, 
those at the mouth largest. Found, in 
February and March, amongst the 
fioccose brown coat upon dead sedge- 
leaves, along with Chlamydomonas and 
Cryptomonas, Hampstead ponds. 1-288" 
to *1-44". 

Perty doubts if there is anv real di- 
stinction between this animalcule and 
the Oxytricha caudata (Ehr.). 

U. Musculus (Trichoda Musculus, M.) 
(xxv. 333). — ^Whito, cylindrical, pear- 
shaped, thickened posteriorly, where it 
abruptly terminates in a tail. The 


movement rolling. It is inactive and 
rigid. With OsclUatoricc. 1-220". 

U. Ilospes. — Gwienish, ovate-oblong 
and turbinate in shape ; obliquely trun- 
cated and excavated anteriorly; poste- 
riorly tenninated by a styliform acute 
tail. In frog- and snail-spawn. 1-240". 

U. (?) Lamella. — Transparent, linbar- 
lancemate, depressed, fiat, very thin. In 
infusions. 1-220". 

U. Filum (Fnchelys caudata, M.). — 
White, filifoim, cylindrical ; rounded 
anteriorly ; attenuated posteriorly, form- 
ing a straight long tail. It is considered 
a Spirostomum by Dujardin and Perty 
(vide ante, p. 623). In Hagnaut spring- 
water, &c. 1-48". 
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Genus OPHRYOGLENA (XXV. '334, 336).— Ovoid, ciliated, with an eye- 
speck anteriorly. Locomotion effected by the numerous regular longitudinal 
rows of cilia. Some of the numerous digestive vacuoles are often filled with 
NavicuJee, The' mouth is situated in a fossa beneath the brow on one side ; 
and the anal orifice lies upon the dorsal surface, at the base of the little tail. 
A large central nucleus and one or more contractile vesicles arc found ; trans- 
verse and longitudinal self-division have been observed. A largo red or black 
stigma is always present on the frontal region. These Infusoria are found in 
stagnant fresh water, but not in infusions. 

As Dujardin rightly remarks, this genus differs from Kolpoda only by 
having a stigma or eye-speck ; ho^ycvcr, he prcfcis to place it among Bur- 
sarina, because the mouth is situated at the extremity of a row of cilia. In 
this transposition of Opluryogle'iia, Perty does not agree, seeing that it has a 
narrow mouth, and the closest affinity with PanopJirys, with which, therefore, 
ho replaces it, along with Paramecium, &c., in the family Paramecina. We 
arc disposed to question its claim to a generic position ; for the coloured speck 
is worthless as a distinctive character. 

Ophryoglena atra (^Leucophra Ma-^ necessarily associated with the coloured 
milla, JM.). — Blackish, ovoid, compressed, stigma : in Ophryoglena atra it is ab- 
aciito posteriorly. A black stigma is sent ; and whilst liurmria povssesses this 
situated anteriorly near the dorsal mar- organ, it lias no coloured spi'ck. In 
gin. The mouth is at the bottom of a other Infusoria having stigmata, such os 
funnel-shaped cavity, commencing im- Euglenjca, Peridinisea, &c., no such organ 
mediately beneath the brow; wil hill this is discoverable in connexion with them 
cavity Ii!hreiiberg thinks ho has lately (Muller’s Archiv, 1850, p. 21). Stein 
seen kn oval bright gland. The colour- advances, as a distiiuitive character be- 
less cilia appear like silver fringe on the tween Oph.Jlavicans md Bursaria Jiamj 
dusky animalcule, especially those in the difference subsisting in respect of the 
front. In turf-hollows. 1-180". nucleolus. 

O. (xxv.334,335). — Brown, O. griseoviremt (Perty). — Elliptical, 

ovale, and compressed ; tail short and with more or leas unequal sides ; usually 
acute ; stigma red. The brow projects more pointed behind, and rounded in 
beyond the mouth about the length of front, where a red or dark pigment-speck 
the body, or, in other words, is situated is visible. Hyaline, and when strongly 
about the middle. In turf-hollows, magnified reticular ; but frequimtly con- 
1-180". tains grey or green, and in rare cases 

O. Jlavicnns. — Yellow, turgid, ovate, brown molecules. I’lie marginal cilia 
attenuated and rounded posteriorly; very distinct. Oral fossa in anterior 
stigma red, irregular in shap(i ; the cilia half. Movements quick and revolving, 
near the mouth longer than in the pre- 1-300" to 1-180". In ponds, Bern, 
ceding species ; Ehnmberg counted trom O. Panophrys (Perty). — Large, oval 
twelve to sixteen rows at one view. In when seen on the wider side ; pointed 
turf-hollows. 1-144". end posterior ; coh^ur greyish yellow ; 

Nothing like a lens can be seen within without pigment-speck. When seen on 
the eye-speck ; but close to it there is an the narrow side, the marginal cilia appear 
hour-glass-shaped body, transparent and in concentric curved lines, whilst on 
apparently structureless. Its position the broad side the cilia are close together 
seems fixed, but it may be detached by and apparently irregular. Moyenients 
diffluence of the animalcule, when itswells slow. Usually swims on one of its wider 
up ih the surrounding water and often ex- sides, and but seldom revolves. Mouth 
hibits a central cavity. Its presence is not wide. 1-144". Uncommon. 

Genus DILEPTUS (Duj.) (XXVI. 26). — ^This genus belongs to the family 
“ Trichodina ” {ante, p. 608), and is thus defined ; — Animal with a fusiform 
body, much elongated anteriorly, like a long neck, with a mouth seated at the 
base of the prolongation; vibratile cilia cover the surface, and are of larger 
size in front oxffi near the mouth. 

Ehrenberg has arranged Dileptus with the Paramecina, although, unlike 
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tho latter, destitute of a contractile reticulated integument. The type of this 
genus is tho Amphileptus Anser of Ehrenberg ; and tho A, margaritifer (Ehr.) 
is also referable to it. 


Dileptus Folium (Duj.) (xxvi. 26). 
— Very flexible ; lanceolate, contracted 
in front, with nodular reticulated and 
irregular stripes, like the veins of a 


leaf. In river-water. 1-176" to 1-130". 

I'erty remarks that this organism can- 
not bo a species of Dileptus, 


Genus LOXOPHYLLUM (Duj.) (XXVI. 32). — Very depressed, lamellar, 
oblique, very flexible ; sinuous or undulated along the borders ; mouth lateral ; 
cilia in wide parallel rows. 

Ehrenberg has comprehended Loxophyllum with AmphiUptm, Perty 
makes the separation. 


r<(OXOPUYT.EUM MeUagrisj the tjmo of 
th(^ genus = Ampliileptus Meleagris (Ehr.). 

The Trachclim Meleagris (Ehr.) pro- 
bably represents also another Loxo~ 


phyttum^ as well as the Kolpodn ochrea 
of Muller, which hllirenbcrg states to 
agree with his Amphileptus longicollis. 


Genus PLEUPONEMA (Duj. and Perty) (XXVI. 23), represented by 
the Paramechmi Chrymlis (Ehr.), is thus deflned by Dujaidin : — “Body oval, 
oblong, depressed ; having one large lateral orilice, from which a tuft of long, 
floating and contractile filaments issues.” It has nothing in common with 
Paramecium, ho adds, besides its oblong figure ; whilst the bundle of long 
filaments has no analogy, except in tho genus Alysciim, However, he places 
it in his family Paramociens, whilst Perty introduces it as the sole represen- 
tative of a family “ Aphthonia,” charactenzed as having, besides locomotive 
cilia, other longer ones or filaments. 


Ih J'UJTIONKM A crassum = Paramecium 
Chrysalis (l]hr.). — Ovoid, much elon- 
gat(;d, rather doprosaed ; with obtuse 
ends j finely striated. Lateral oiifieo at 


the anterior fourth of the body, with 
long filameiita, some proceeding from 
the border, others from the posterior ex- 
tremity. 1-120". In the Mediterranean. 


Genus OTOSTOMA (Carter, A. AT. i/. 1856, xvii. 1 17) (XXYllI. 24-26).— 
Body ovoid, of a light brown colour, covered with longitudinal lines of cilia. 
Mouth ear-shaped, in a depression situated about the junction of tho anterior 
with the middle third of the infusorium; buccal cavity broad, short, curved 
do>\Ti wards, and a little upon itself outwards, plicated longitudinally in 
parallel lines. Anus terminal ; gland or nucleus long, fusiform, situated 
between the buccal cavity and the contracting vesicles, which are double 
and connected with a set of vessels something like those of Paramecium 
Aurelia. 

“ It is,” adds IMr. Carter, “ a Paramecium closely allied to NassuTa, and, 
from tho likeness of the oral orifice to the human ear, I propose for it the 
name of ‘ Otostoma.^ ” Its cysts have been discovered on Nitella, and give 
exit to monadiform beings approaching the parent Otostoma in form. 


FAMILY XI.— OXYTllICHINA. 

(XXV. 336-344; XXVIII. 43-47.) 

Possess two separate alimentary orifices, neither of them situated at the 
extremities, and are not encased by a dense integument (lorica). Their loco- 
motive organs are various, consisting of setae, vibratile cilia, and non-vibratile 
styles or uncini, variously situated, and render the creatures active. (Poly- 
gastric cells, disposed upon an alimentary tube, were represented by Ehren- 
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berg, except in Ceratidium,) A curved line of strong cilia leads towards the 
mouth, which is situated about the median line at the posterior third of tho 
body, and opens into a ciliated oesophagus. The anus is behind the mouth, 
on the same ventral surface, near its margin. Complete trausverso and longi- 
tudinal self-division is observed. The process of encysting may be presumed 
general; in Urostyla Cohn has seen the ulterior develoi)ment of a ciliated 
embryo. 


Cilia and seta;, no styles or imcini . . . 


Styles, or uncini, or both. 




Brow without liorns Oxytricha. 

Brow with horns Ceratidium. 

With uncini, no styles Kcrona. 

With stylos, no uncini Urostyla. 

With styles and uncini Stylonycliia. 


This family is generally similar to tho Keronina of Diijardin, — a family 
of auimidciiiles, according to this ob.server, miadi lower in the scale than 
many in the families previously described, such as Kolpoda, Farameciumy 
Coleps, &c. 

“ Processes in tho form of styles or hooks characterize both the ‘ Xeroniens ' 
and the ‘Plcesconiens ; ’ h\it the latter have a shield (lorica), whilst tho former 
are soft and have no sign of an integument. Of the ‘ Keronions ’ tlic 0,vy~ 
tricha have neither horns nor hooks, but only (-irrhi or straight processes, 
apparently rigid ; another genus, ‘ IlaUericty has largo ciiriii like the pre- 
ceding, but differs considoi’ably in its mode of life and its movements, 

‘‘ The Urostyla of Ehrenberg, with styles only, and no hooks (uncini), wo 
unite with Oxytricha ; and his Stylonycliia, prorided with both styles and 
hooks, with Keromi ; another genus described under the name of Ceratidium, 
horned anteriorly, but wanting both styles and hooks, S(;em8 to be only altered 
or mutilated Kerpnee, On the other hand, Ilaltena appears to bo ineliidcd 
by Ehrenberg among tnic Urceolaria, in his genus Trichodina, although it 
possesses none of the characters. The Keroniens are found in stagnant water, 
fresh and salt.” Forty has established a family Oxytrichina, which, besides 
containing two new genera, Hiylod Mitophora Stichotricha, excludes Cera- 
tidium and StyJonychia, referring the species of the latter genus to Kerona, 
After those exclusions and additions, Perty^s Oxytrichina include Oxytrichet, 
Urostyla, Kerona, Mitophora, and Sticliotricha. 

Genus OXYTIIICHA (XXV. 330, 337; XXIX. 21-24).— Styles, uncini, 
and horns wanting. The body is soft, flexible, oval or oblong, more or less 
flattened, and provided with cilia and setso. Their movements arc forwards 
and backwards, often by imjjulso, — creeping, swimming, and climbing. In 
all the species, digestive vacuoles are evident ; in five, (ova-like) granules ; in 
four, a nucleus ; and in five, roimd contractile vesicles. Transverse and longi- 
tudinal division is observed in 0. Lepus and 0, Fellionella ; longitudinal only 
in O, Cicada, and perhaps in 0. Pullaster, The Trichoda Nasamomum and 
T. JEthiopica (Ehr.) and Urostyla belong, in Dujardin’s opinion, to Oxytricha, 
and Oxytricha Cicada (Ehr.) to tho Ploesconiens. 

Whilst admitting a genus Oxytricha, Perty makes two divisions of it, the 
one corresponding generally to Uroleptus (Ehr.), and tho second to Oxytricha 
(Ehr.). The differential characters given are: — a. Elongated posteriorly, 
embracing most Urolepti (Ehr.) ; 6. Bounded posteriorly, equivalent to Oxy^ 
tricha (Ehr.). Under the first division the species enumerated are 0, cawlata, 
0. THscis, 0, Musculus, 0. amhiyua, and 0, Lamella', under the second. 
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0. proteusa, 0. Pellionella, 0. yihha^ O. GalJinn, O, Pullastery 0. Lepm ?, O. 
platystoma, 0, decumanciy and 0, fusca. 


OxYTRiciiA 9*iib7'a (THchofla Piscis et 
T. paUm^, j\I.). — Of a brick-red colour ; 
linear in shape*, piano on the under side, 
and equally rounded at the ends ; pos- 
teiior end provided with selio. In sea- 
water. 1-140". 

O. PeUwiwUa ( Triehoclu PvlKonelin, M.) 
('xxix.21-24). — White*, smooth ; slij^htly 
(hjpressed, equally rounded at both ends, 
ol't(;n broader in the niiddh*; head not 
S(>parate ; mouth ciliated ; tail provided 
with s(itte. Each animalcule lias two 
oval nuclei, and between them a single : 
round vesicle. Wlieii self-division com- | 
nieiices, four glands are developed; and ' 
then the vesicle divides. lillirenberg ! 
counted ton cilia anteriorly, and four or j 
iiv(*. setoQ po.steriorly ; the anal outlet is | 
at the base of the selixi. In infusions, j 
and throughout Switzerland in swampy 
ponds altiiig the snoAv-liiio of the Alps 
(Perty). Auerbach has seen it encyst 
itself (Siebold’s Zvitachr. 1854, v. p. 4o0). 
1-720" to 1-280". 

('ienkoAvsky surmise's tliis species, O. 
f/ihhfty Sh/h/ff/cliia pu.sti(htfaj arnl S. htti^ 
ceulahi to b(i one and the same auiuial- 
culo in dilFerent stages of growth and | 
under dilhuent circumstances in respe(*t ; 
of food, kQ. This notion is fa\ our(?d, he i 
says, by the fact that the anima.lcidt5 , 
which tiscapes from an encysted to- | 
ceohda is exactly like /S', pifsttdata. j 

O. camhta. — Smooth, white ; linear- | 
lanceolate in shape, roundiul anteriorly, 
altimuated posteriorly in the form of a 
tail, which is provided with setai. Mouth 
evident. In fresh and sea- w^ater. 1-570" 
to 1-84". (See Stylonychia pustulata.) 

O. platyHtomn = O, eiirystoina, — ^White, 


ovato-oblong, under side flat, with mar- 
ginal setin ; mouth large and ciliated. It 
swims with a revolving and vacillating 
motion, and often upon tlu^ bnck. It 
creeps upon water-plants, in standing 
bog-water. 4|U240". 

O. yihhn (Trichoda yd)ha et ffrtftj M.) 
(xxv. 000, 007). — White, lanceolate, 
ends obtuse, middle enlarged, under side*, 
flat, and funjished with two s(‘ries of 
setae, and a largci round mouth. 'Ihis 
species resembles O. PeUionella, but is 
di.stinguished by its s(*tie, the two or 
three contractile vesicles, and the nu- 
cleus. This creature is activi;, and runs 
nimbly along aquatic plants in fresh and 
brackish water. (Pig. 000 an under 
view, fig. 007 a side view.) 1-240”. It 
is not equivalent to the (). ydtha (l)iij.). 

( ). Pidlaater ( Tnvhnda Ptdlmta'y Kcrona 
Pulhisterj M.). — Whitish, laiKaadaie, 
ends obtuse, i c'uti al surface nak(>d at tho 
middle; the head, indicated by a con- 
stiaction, is hairy, like the tail. OOio 
mouth narrow. In 'water-butts, streams, 
and infusions. 1-400". Tliis form and 
O. L(pm P(5rfy beliov(‘s to be mere ae- 
rieties of O. PvlliomUo. 

O. Olvada {Trichoda Cicada, M.l. — 
Ovate, or almost hemispherical, back 
fiiiTOwed and notched, under surltw^o 
flat. Upon the surfac.e of stagnant 
water. 1-1140" to l-8(>0". 

O.Lcpas. — Whitish, elliptical, smooth, 
flat; ciliated anteriorly; provided with 
setie posteriorly ; the mouth and dis- 
charging orilitH's not distinct; and tho 
nucleus unobserved. In standing water. 
1-540" to 1-0(3". 


The following additional species arc given by Dujardin : — 


O. incrassata. — Ovoid, long, colourless, 
fringed posteriorly with rigid setfc. Not 
so long as O, Pellionella, and, unlike it, 
marine. In the Mediten*anean. l-.‘350". 

O. Linyua. — Diaphanous, flattened, 
flexible, elongated, rounded at each end ; 
without sctie or apparent cilia poste- 
riorly; granules of surface in .nearly 
re gular ^o\^'s. In ditch-water with Con- 
ferva;. 1-212". 


O. amhiyiai,- -Colourless, oval, oblong 
depress(>d in tlie middle, concave; on one 
.side ; margin tumid ; with \'(‘ry strong 
locomotive cilia on the (;oncav(; surface, 
and with rigid setro behind. In sea- 
water. l-.‘350". 

O. radians, — Discoid, red, surrounded 
by long radiating setae. In salt or brack- 
ish water. 1-520". 


Forty brings forward the following as ncAV species, belonging to tine Oxy- 
tricha, characterized by severally having a round posterior extremity : — 

O. proleusa (Perty). — Very long, and I longer than broad. It is sometimes 
subcAdindrical ; nine to twelve times | actuallv four-sided, with wide upper and 

2 T 
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undor surfaces. Mouth a rather curved 
and ciliated fissure. Cilia very fine, 
those of the upper surface the more di- 
stinct, although faint. Small specimens 
are colourless and transparent ; but larger 
ones have dark molecules or chloro-- 
pliyll within. Movements tolerably ac- 
tive. Perty once thought this species 
and yr«c7tc/m«s^r/r^?^(DuJi|ltobe young 
individuals of Spirostommn, but he subse- 
quently found examples 1-84" in length. 

O. yallina (Perty) = T/v'cAor/If* gallina 
(?) (Miiller). — Anterior portion hyaline, 
Hat, with large cilia; molecules grey. 
Only once seen. 

O. (Iccmnamt (Perty). — Outline rather 
irregular; rather smaller in front than 


behind, broadest in the middle; ends 
rounded ; upper suiface slightly convex, 
lower flat. Mouth wide. It differs in 
size from O, platystoma and in its out- 
line both from that species and O. fmca» 
In length it equals UrostyUt grandis, but 
is mu(3i broader. Bern, in ponds. 1-96". 

O. fmcAu — NaiTow, elliptical, upper 
surface convex, lower concave. Oral 
orifice wide. Colour usuall^V yellowish 
or blackish -brown. Lives in stagnant 
and mouldy water. Cilia in front and 
about the mouth strongest ; but no uncini 
occur there. Urostyla grandis dillbrs 
from it by the uncini on its border. 
1-160" to 1-84". 


Genus CEIIATIBIUM (XX^^ 338, 339). — Ciliated, with horns on the 
frontal region, hut no stylos or imcini. little of their organization is known ; 
and therefore their systematic jiosition is uncertain. A power of not less 
than 350 diameters is rc(piircd to examine these creatures. 


(aRUatipiitm euneatum (xxv. 3.38, 
.‘k39). — Body triangular ; front triiiicatod, 
as also the two horns ; upper side smooth. 
Ehi*enb(U’g found tliis whitish animalcule 
in 1820, amongst Conferva), but Iiad not 


lately seen it. Dujardin believes it to 
have been a mutilated Oxylricha, It 
vibrates, runs, and climbs quickly. 
1-4.30". 


Genus KEROXA (XXV. 340, 341). — (ilia and uncini present, but no 
styles. Body soft, flexible, oval, flattened, and ciliated, with claws (uncini), 
and perhaps seta), on the under surface. Vacuoles numerous ; tbo oral (and 
probably the anal) aperture is upon the ventral surface. One or more con- 
tractile vesicles and a nucleus have been seen; but self-division has not 
been observed. 

Tins genus, instituted by Miiller, was at first adopted by Ehrenberg with 
little modification ; hut subsequently he transposed almost all its species to 
his genus Stylonychia, on account of their possessing styles as well as uncini. 
This can scarcely be considered a sufficient reason for the construction of a 
new genus ; and accordingly Dujardin rejects StylonycJiia, and thus restores 
the genus Kerona nearly to its original importance. As already noted, ho 
likewise adopts Kerona as the representative of his family Keronina. Perty 
coincides with the French naturalist, and rejects both Ceratidium and Stylo- 
nycliia, treating the species of the latter as examples of Kerona, He remarks 
that Ehrenberg has vciy needlessly changed the name Keromiy given by Muller, 
for that of Stylonychia, 

The Keronce, thus understood, differ from Oxylricha only in the form of 
their cirrhi or processes, the base of which is commonly dilated in the form 
of a transparent globe, and moveable withal. Moreover they are eiiually 
voracious, arc abundant in stagnant water and infusions, and capable of 
being much varied in form. 


Kerona pohmamm, — Whitish, de- 
pressed, elliptical, and remiform ; a series 
of cilia suiTounds the frontal region, ex- 
tended from beneath the mouth. Ehron- 
berg counted above forty vacuoles, many 
of them filled with brownish (half- 


digested green) Monads, (xxv. 340 is 
a back view, and 341 a side view, 
climbing.) I'arasitic on Hydra vulgaris 
^Microscopic Cabinet^ p. 7). Animals 
infested with them die. 1-144". 

This species is the type of a genus named 
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Alastor in Perty’s system, detachf;d from K. Calvitium (Miill.), JSC Jimhriata 
other Oiliata by reason of its parasitic (Miill.), and Trukoda foveata and 2’/*. 
habits, and placed yf\\i\\Plagioto7na (Duj.) (Jamelm (Miill.), aro probably, according 
and Opalina in a family named Cobalina. to Dujardin and Perty, mere varieties of 
K. pwitulata (l)uj.) = /SZy/owyrAw« pm~ K, pmtulata, 

Uilata. K. PuUaster (Miill.) is cited by ]51iren- 

K, Histt'io (Diij.) = /8){. Ilistrio. bcr^ as = Oxytriclw. PuHaHU^j but, as 

K. Mytilm (Diij.) = i8Z. MytUus, Diijardin thinlts, is only an imperfcctly- 

K. SUurm (jL>\\y) = St. Siiunts. examined or a deformed specimen of 

JSC l(mceokita=St. lanceolata, SL pushdata, 

(lenus UEOSTYLA (XXV. 342). — Cilia and styles present, nncini want- 
ing ; the cilia are thickly disposed in numerous rows, and are longer near 
the mouth. On the ventral sui’facc, at the postciior end, is a small cleft, 
provided with non-vibratile setae. Internally arc numerous vacuoles, wliicli 
may be tilled with particles of colour ; a nucleus, a contractile vesicle, and 
delicate granules. Transverse self-division has been observed. 

Urostyla yrandis (xxv. 342). — : produced by tluj vibration of the cilia 
White, scmicyiindrical, rouiid(3d at the about tlie month aro also indicated in 
ends ; Hlightly (iiiJarged anteriorly, hence the drawing.) On slimy tlead sedge- 
club-shaped; styles short; mouth large, leaves. 1-144" to 1-06". Piu’ty doubts 
one-fourth to one-third the length of the the independent spc^cific clnmicter of this 
body. It has long cilia on both sidtis ; the form, and would rath(;r consider it a 
divseharging oriHco has from five to eight A ariety of Oxytricha fusca, or more pro- 
little styles on tlui left side only ; sto- bably of (). pkdystoma in a further deve- 
mach-juice colourless. The young ani- loped state; for Ehrcuiberg admits that 
maleules arci Hatter than the old ones, the uncini at the posterior extremity aro 
(xxv. 342, an uiuhT view with glands, small ; and if so, they can sirarccly bo 
vesicle, and the cells tilled with llacil- characteristic, 
lana and coloured matte.r, (luiTtmts 

Genus STYLONYCHIA (XXV. 343, 344 ; XXVI 11. 10, 74-76 ; XXIX. 
18). — Ciliated, and armed with styles and uncini variously disposed. 

In one species Ehrenhorg thought h(5 had traced the course of the alimen- 
tary <!anal with its numerous digestive cells ; in the others, he found, coloured 
food was received. Transt-erse and longitudinal sclf-di\4sion occurs in two 
species ; transverse only in a tliird. In piislulatn, the formation of 
geramaj is said to occur. Perty remarks that Ehrcnberg, without any suffi- 
cient reason, has transferred many of the Keroncn of Muller to !^tylonychia. 
The granules and molecules arc numerous, and often in lieaps ; one or two 
nuclei and a contractile vesicle are generally visible. 

Styt.onyciiia Mytilm (Trichodu My- differs little from S. (JT.) pusttikita, cx- 
lilus^ Kiinma Mytilm, M. and Perty) cept in size and the strimgth of its supor- 
(xxviii. 10). — White, flat, oblong, ficial processes. The middle of the body 
slightly constricted in the middle, ob- is sometimes filled witli delicate white 
liquely dilated anteriorly in the form of granules. Often, however, as Perty mcn- 
a mussel. Tlie extreAiiities are so trans- lions, the animalcule is coloured green 
parent that thtw give it the appearance Avith chlorophyll received in its food, 
of being covered with a sliiidd ; but they This animalcule generally has a peculiar, 
aro soft, flexible, and ciliated. Jlujardin thmsting, forAvai*d-aiid-back moveinent, 
observes that the intogumentavy appen- but can climb, run, and swim nimbly, 
dagos are very long, consisting of a row usually with the bock imdennost. Ehr- 
of strong ciUa“ in front, a aeries of uncini enberg found that a single animalcule 
and numerous styles behind. The line IWed nine days : during the Ih-st twenty- 
of cilia leading to the mouth does not four hours it Avas developed by transverse 
reach the centre of the body. Its extre- self-division into three animals ; these 
mities are so thin and flexible that they in twenty-four hours more formed tAvo 
yield before obstacles in their move- eat?h, in the same manner; so that, by 
ineiita, like the Pl<tsconia Patella, It self-division only (withmit ova), these 
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animalcules increase three- or fourfold 
in twenty-four hours, and may thus pro- 
duce a million from a single animalculo 
in ten days. An abundant supply of food 
favours self-division. In infusions and 
amongst Oscillatorits, &c., in stagnant 
marsh- water. 1-240" to 1-96". 

S. pustulata ( THchoda AcaniSt M. ; Ke- 
rona jmstulata, Ihij.). — Whiti‘, turbid, 
elliptical or oval compressed, attciiiuated 
at both ends, and having a band of un- 
cini at the middle of the btdly. Ehren- 
berg has seen tjunsvt'rsc and longitudinal 
division, and th(5 growth of gemnuc. In 
infusions and stagnant marsh-water. 
1-144 ". This species lias been seen in the 
encysted state by Stidn and Schneider 
(xxix. 18). 'riie white colour is no cha- 
ractoristic, since it is frequently green 
from food received. Sehiioider (A. N. JL 
2 so.r. xiv. p. 628) observes that after 
exclusion from their (rysts they present 
a remarkable resemblance to Oxytriclui 
cnmhita ; the posteiior extremity in par- 
ticular is always bent round in tin* man- 
ner represented b}" Ehrenberg. l•ilu^a^ 
calls this animalcule, in his history of a 
transformation of Vorticvtfuy by mistaktj 
an Oxytnvhu (see Amt. <1. ^V*. KuL 1848, 
ix.). f^ienlcowsky, liowevei’, regards both • 
this spc'cies and ht. lancfolnta as phases of 
existcuice of the same being as ()xy(richa 
Pvlliourlla and O. tjiUm. 

^.8ilHrm(^Tncl\oda Silurits, Keromi . 


lurmf M., Duj., andPertv). — Small, white, 
of the form of a mussef ; cilia and uticini 
rather long. In fresh water. 1-280". 

S. appendwidata. — Elliptical, white, 
small, and flat ; cilia and styles long ; the 
set^e disposed obliquely in fascicles. In 
fresh water. 1-280". 

S. Iliatrio (^Paramecium HistnOf Kc~ 
rona Hisirio^ M. and Perty). — Elliptical, 
white; middle slightly turgid, tenni- 
nated anteriorly by a cluster of uncini ; 
no setic. Ehrenberg states that the ab- 
sence of the three posterior setiC in this 
and the following spticies is remarkable, 
inasmuch as the oth(*rs possess them. 
Eission transverse. Amongst Coiifcrvie. 
Dujaixlin is inclined to regard this as a 
mere \ ariety of S. (Keroria) pa at td at a. 

S. lanceolata. ( =Kerfmn tanceolata^ 
Duj. and PeHy) (xxv. 64:5, 644).— Pale 
greenish ; lanceolate in shape, i?xtremitii‘s 
equally oblus»‘, under side flat; it has a 
cluster of uncini n(*ar the mouth, but no 
styles. Ehrenbeu’g saw in one spc'cimen 
a simple contractile vesicli5 on the hd't 
side, below the mouth, and m*ar it a 
larg(i oval gland. Green Monads and 
Dacillaria may be seen in this voracious 
animal, surrounded with colouiless sto- 
mach-juice. (xxv. 646 r(q)r(jsents an 
und(?r view, and 644 a side view.) 
Amongst Confervai. 1-144" to 1-120". 
(S(h; note on St, paaitdala,^ Encysted 
state obscu’ved (xxviii. 74-70). 


Genus HALTElllA (Duj.) (XXVI. 61). — liody ri(?arly globular or turbi- 
nate, .surrounded by long, V(uy line, retractile cilia, which adliere to the glass, 
and by their sudden contraction enable the animal to change its place briskly, 
as if by leaping ; a row of very strong oblique cilia occiipic.s the circum- 
ference. 

The type of this genus is JJaUeria Grandine/Itt (XXVI. 61 a, />, c), called 
by Ehrenberg Triclwdhia, and jdaced by him in the family Yortic(*llina, 
along with species totally different. Dujardin, however, more correctly 
refers thc;m to the family called Keronina (sec p. 640). 

Genus MITOPHOllA (lY-rty) (XXVIII. 46, 47).— Dody small, thicker 
behind, having on one side a row of large cilia, and posteriorly a filament of 
nearly the length of the body, and either with a simple or a sliglitly nodose 
extremity. 

•MiToniORA duhia (xxviii. 46, 47). — the other. Movement sluggish, revolv- 
Ilyaliiie ; somidimes filled with green ! ing. It lias some resemblaiico to Tri- 
coi-pusclcs ; with the characteristic row i c/Wu (M.). 1-450". 

of larger cilia along one side, and few on I 

Genus STTCHOTlilCHA (XXVI 1. 46, 44). — lianeet-sliaped, cylindrical, 
elongated anteriorly and fiat ; mouth at this portion ; on one .side an oblique 
row of cilia. 

Stichothicha accanda (xxviii. 46, | molecules or clilorophyll-gniins ; cylin- 
44). Hyaline; usually filled with grey! drical or rather compressed, rounded or 
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truncate behind. Cilia on ventral siir- same time ; sometimes it crawls. 1-240" 
face .short, longer before and behind; 1-180". 
it .swims rather actively, revolving at the 


FAMILY XII.— EUPLOTINA on EUPLOTA. 

(XXV. 345-353; XXVI. 22, 30). 

Loricated ; alimcntaiy canal with two separate oritices, neither of which 
is terminal. Organs of locomotion highly developed, similar to those of tht^ 
preceding family. 

This family bears a general rc.semhlanec to the genus AseUiis among th(i 
highly-developed Entomo-straca. Organs subservient to nutrition are di- 
stinctly seen in three genera ; and one is remarkable by having a cylinder of 
wand-like teeth, and a beautiful rose-coloured digestive juice, like that seen in 
Nasstula. Granules and a nucleus are found in two, and a contractile vesicle 
in three species; self-division, transverse and longitudinal, has been ob- 
served in one ; but gemmte arc not produced. One form is green, the others 
are colourless or whitish. This family compiiscs the following genera : — 


Head distinguished from tlie body . . . 
Head not distinguished from fhe body. 

( Teeth present 

With cilia, claws, and styles 


With cilia; 

.... 


Teeth 

absent 


Diseoccphalus. 

Ilirnantophorus. 

Chlamidodon. 

Euplotcs. 


This family Eu])lotina corrcs])onds in part with that of the Pla^sconiens 
of Dujardin, which includes animalcules of an oval or reniform depressed 
figure, not contractile, but only slightly fiexiblc, and invested with an appa- 
rent shield (lorica), whicli, how'ever, undergoes (liftlu(?nce like the softer 
j)arts. Mouth furnished with vibratile cilia, and often also with cirrhi, in 
the form of styles or moveable hooks. They swim by means of the vibratile 
cilia, or crawl by the aid of the other appendages. 

The Pl(jes(;onieu8 arc distributed into five genera : — PUi'Sconia and Chlami- 
dodon, with a visible mouth, the latter also liaving teeth ; Diophrys and Coc- 
twlina, without visible mouth : in the former the cirrhi or processes arc; grouped 
at the two ends, in the latter they cover the under surface ; Loxodes has only 
vibratile cilia. 

The animalcules of the genus Plcesconia seem for the most part identical 
witli the Enidotes of Ehrenbcrg ; but, as the identification is in some cases 
uncertain, and as several new species are described by Dujardin, we shall 
subjoin Plxesconia, as an appended genus, along with Diophrys and Cocciidina. 

Perty adopts the family Euplota, which he pn^fers to call Kiiplotina, and 
also comprehends in it the; Aspidiscina (Ehr.) and the Plocsconicns (Duj,). 
Its genera arc — Eaplotes, Hlmantophorus, Cocciidhia (Duj.), Aspidisca. 

Genus DlSCOCEPHATiUS (XXV. 345, 346). — Styles and teeth wanting, 
but uncini present ; the head is also distinguLshablo from the body. Tlio 
organization is unknown, only the non-vibratile uncinated locomotive organs 
having been specially obsciwcd, the chai'actenstic species having been only 
casually examined by Ehrenbcrg during his travels in the East. The genus, 
th(;rcfore, must be held a doubtful member of this family. 
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Discocefiialus rotatonus (xxv. 346, 
346). — ^Transparent; head smaller than 
the body ; mouth rounded at both ends. 


(xxv. 346 is an under-, and xxv. 346 a 
side-view.) In the lied Sea. 1-380". 


Genus HIMANTOPHOllUS (XXV. 347, 348).— Distinguished by the 
absence of stylos and teeth, by having numerous uncini, and by the head 
not being distinct from the body. The long bent hooks, generally in pains, 
appear like a broad band upon the under side, and servo as organs of 1o(jo- 
niotion ; near them is a row of cilia extending from the mouth to the middle 
of the body. The mouth, discharging orifice, and numerous vacuoles arc 
distinct. At the posterior margin is a large contractile vesicle ; between the 
row of cilia and margin on the right is a series of glandular (?) sjiots. Self- 
division has not been observed. 


HiMANToriToniis Charon (M.) (xxv. 
347, 348). — Trausparciit, flat, elliptical, 
anteriorly slightly truncated obliquely; 
cilia short, imcini short and slender. The 
mouth commences anteriorly, at the 
lower angle of the triangular bright spot ; 
but the true oesophageal opening appears 
to be within the curved lorica, at the | 


end of the dorsal row of cilia ; the anal 
opening is near the base of the last 
cluster of four to six comb-like uncini, 
which supply the place of styles, (xxv. 
347 is a side-, and xxv. 348 an under- 
view.) In stagnant Avater and ponds, 
amongst decayed leaves. 1-180". 


Genus CIILAMIDODON (XXV. 340). — Ciliated mouth, provided with 
teeth ; styles and uncini absent ; an oval transparent lorica or shield covers 
the back, and projects around it ; a margin of cilia surrounds tho body ; tln^y 
are longer near the brow; short climbing setai probably exist posteriorly 
between the cilia. Tlierc are distinct vacuoles, as also vesicles containing a 
beautiful rose-coloured fluid ; the mouth has a hollow cylinder of wand-like 
teeth. InternjiUy are minute green granules and a largo, oval, bright central 
nucleus. 8elf- division unknown. 


CiiLAMiDODONil///('/no.syMc (xxv. 340). 
— ^l^lat, elliptical, soinolimes dilated an- 
teriorly, as shown at XXA^ 349. It is of 
a clear green or hyaline hue, Avith bril- 
liant rose-coloured A'esiclcs ; delicate I 
longitudinal lines are sc^en upon the sur- | 


fiicc of the animalcule, and app(>ar to bo 
situated on the lorica. Khrciiberg counted 
sixteen wand-like teeth, disposed cylin- 
drically. The mov(unent is quick and 
poAveriul, as in Euplotes. With Zostera 
and Sci/tosiphon. 1-670". 


Genus KUPLOTES (XXV. 350^353). — Locomotive organs highly deve- 
loped and various, in the form of cilia, styles, and uncini, hut teeth Avaiiting. 
Digestive vacuoles have been filled in four species with coloured food ; the 
termination of the alimentary canal is indicated in one species by the dis- 
charge, in the rest by the projection of the little shield ; the digestive jnicc 
is colourless ; oval or round simple nuclei occur in three ; a single contractile 
vesicle exists in five, and in a sixth two such. Self-division, transverse and 
longitudinal, has been observed in one species, and transverse only in two or 
foUr others. (Sec general remarks, p. 645 ; and Plossconia, p. 647.) 

Perty makes the n^mark that some of the assumed species of Eaplotes may 
be modifications of the same being, due to pressure between the glasses 
during examination, since the so-called lorica is only relatively hard. Tlu,* 
lorica has the form of a carapace or shield, covering only one surface, leaving 
the under one fro(\ ‘‘ The styles, which arc trailed along, arc,” says Jjach- 
mann, “split u]) at 11 lo apex into as many as eight parts in many species, — 
c. r/. in h. Patella, in whicli, too, one style bears a number of small lateral 
branches.'- 
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Euplotes PixteUa* — Lorica large, 
nearly circular, slightly truncated ante- 
riorly ; mamn transparent, broad ; back 
elevated, gibbous, and covered with a 
few delicate smooth strisB. The mouth 
is ciliated on each side ; the oesonha^^ 
is near the side, below the middle line, 
the discharging orifice behind the base 
of the styles. With Lemnto. 1-280". 

E. Charon {Trichoda Charon, M.) 
(xxv. 350-363). — Lorica small, ovate- 
elliptical, slightly truncated anteriorly, 
and having granular strim on the back ; 
twenty to forty cilia were counted by 
Ehrenberg, but no setae; a contractile 
vesicle and one or more nuclei have been 
seen. In standing water and infusions. 
Schneider has seen it in the encysted 
condition. 1-280". 

E. stridtioi, — Oblong, elliptical, slightly 
truncated anteriorly, uncini only upon 
the posterior part of the body; four 
smooth striaB upon the back. Fission 
longitudinal. In sea- water, but, accord- 
ing to Perty, also in freshwater ponds, 
&c. 1-240." 

E. appemliculatm. — Ovate-oblong, ends 
rounded, provided with oblique styles 
and four straight sette upon the posterior 
part of the body. In fresh and sea water. 
1-240". 

This, says Stein, is th(i PUmconia Ion- 
Ifireniis of Dujardiii. 


E. immains, — Oblong, with sinootli 
atrioB ; unequally truncated, and notched 
anteriorly. It nas setm and numerous 
uncini. The styles ore straight. In sea- 
water. 1-240". 

Both this and the preceding, Perty be- 
lieves to be phases of development of 
£, Charon and stnatus, 

E. monostylus. — Elliptical, ends round- 
ed, no stiiae. It has a single style, like 
a tail, but no uncini. In sea-water. 
1-400". 

E. aculeatus. — Oblong, nearly square, 
ends rounded; it has two crests upon 
the back, one bearing a little spine in the 
middle. In sen- and pond- water. 1-430", 

E. turritus. — Smooth, nearly circular ; 
it has a long erect spine on the centre of 
the back. l-f)00" to 1-4.30". 

E. Ciniex {Trichoda Cirnex, M.). — Ob- 
long elliptical, and smooth, provided 
with cilia, styles, and uncini. In sea- 
water, and, says Perty, in fresh pond- 
water. 1-430". 

E. viridis . — Ijargo (ample), oblong, 
truncate in front, with a central obtuse 
tooth, dorsum llat ; granules green. 
1-480". Berlin. 

E. ajjinis (l*erty) = Plvcsconia affinis 
(Dm.). 

E, suhrotundns (Perty) = PloiSCO}na 
subrotunda (Duj.). 


Genus PLCESCONIA (Duj.). — Body oval, more or loss flattened, enclosed 
by an api)arent lorica, marked by longitudinal ribs, furnished mostly on one 
of its plane surfaces with scattered, fleshy, thick processes in the form of 
stiff hairs, or of non-vibratilc hooks, yet moveable and semiring the puq)ose 
of feet ; on the other surface, with a row of vibratile cilia regularly placed, 
and becoming finer as they recede from the anterior towards the posterior 
end, where the mouth is situated, and in the direction of which they vibrate. 

“ In my opinion,” adds Dujardin, a Plaesconm, notwithstanding its ap- 
parent complexity of structure, is yet an animal as simply organized as those 
previously considered — ^having a simide, fleshy, homogeneous substance, which 
assumes during life a rather complex form, but loses it at the moment of 
death, having no membrane or fibre to sustain it. The cilia or cirrhi, though 
of varied form, are still of the same nature, and, I should say, of nearly the 
same consistence. They have a mouth also, but no anus ; vacuoles are formed 
at the bottom of the mouth, as a result of an impulsive force produced by the 
vibratile cilia on the surrounding li(|uid, or they may be hollowed out in any 
part beneath the surface ; lastly, disseminated through the mass are granules 
varying in kind, and which I cannot admit as determinate organs nor tis ova.” 

We much doubt the necessity of creating this new gimns, since all, or 
nearly all, the species referable to it might bo arranged with Euplotes, Stein 
treats Pleesconia as synonymous with Euplotes (Elir.), but would retain the 
former term to designate a now genus represented by PL Scutum (Duj.), a 
species, indeed, which is marked by the French naturalist as a doubtful 
member. 
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Tt will be observed tliat Diijardin denies, as usual, the existence of an 
anus ; this aperture is, however, generally stated to be found on the ventral 


surface, near the posterior extremity. 

Plcescoxia rafvlla=Eiq)lotes Patella 
(Phr.). 

1*. Vannus . — Dopressod, oblong, oval; 
very transparent, sinootli, without strijo, 
6 to 8 anterior hooks ; and 7 to 8 straight 
styles behind. In st'a-\vat(T. 1-218". 

P. Scut am. — Larger than the pre- 
(•eding, with tlie band of vibratile cilia 
extending fnrth(?r backwjirds, and the 
posterior styles indected and sinuous. 

This species,” says Stein (n. 168), 
differs from the other l^ajMcs both in 
having prehensile cilia (uncini ) not only 
on the ventral surface, at the poste- 
rior portion of the body, but also on the 
dorsal surface, and in many other pecu- 
liarities.” 

P. hnlteatn . — Oval, rather narrower in 
front, diaphanous, with 5 stri.-e (ribs); 
th(^ band of cilia extending five-sixths 
the length of the body; styles few, feeble. 
In sea- water j no hooks, as in P. Vattmis. 
l-82ry'. 

V. Citham. — Oval, with ten regularly 
disposed well-marked ribs; the row of 
cilia s(!mi(;ircular, (‘xt(‘nding two-thirds 
its length ; styles not long, and almost 
(ronfiiied to the posterior extremity'. 
In stagnant sea-water. 1 -200" to 1-276". 

P. crassa. — Oval, oblong; thick, but 
diaphanous, with some faint signs of ribs ; 
the baud of cilia little ciirvcMl, and ex- 
tending one-half the length; Gto8 ciu’ved 


styles at anterior, and 6 to 7 straight 
omis at posterior extremity. With the 
preceding, in sea-watiu\ 1-862". 

P. Cliuron . — Tri’egularly oval, truncate 
in front, narrower behind, with well- 
marked irregular ribs; styles long, not 
curved. Differs much from Euplotes 
Charon (Ehr.). 

P. aMtm . — Differs from P. Charon, by 
its habitat being in fresh water, and by 
having its anterior portion narrower, 
whilst its posterior is more rounded ami 
less plaited. 

P (?) aabrotamla. — Oval, thick, gra- 
nular within ; no distinct ribs ; truncated 
and fissured in fi*ont; stvles long, thin at 
cjudi end. In infusions. 1-586” to 
1-476". 

Perty found it under the i(?o in a pond 
near the Hospice of St. Dernard, and sng- 
gt'sts it to be no mr^re than a variety' of 
P. a film’s w ith indistinct nbs (strim). 

P. (?) radiosa . — Longer than the pre- 
ceding, 1-620" to 1-806", with long stydes 
radiating from each extremity. In river- 
wat(T. 

P. loiif/lremls. — Very' depressed, irro- 
gularlvoval, dilated on the side support- 
ing tlie cilia, wh(;r(i it is more transpii- 
ri'iit, with 8 to 4 slightly prominent large 
ribs; styles nuim?rous, very long and 
ilexiblo. In sea- water. 1-400" to 1-800". 

P. acuhaia — Euplotes ncalcal us (Khr.). 


Ociiiis DIOPIlltYS (Duj.) (XXVI. 22 a, l >). — Body discoid, irreguhir, 
thick ; concave on one side, convex on the other ; with long styles grouped 
at each end; no mouth. 

Dioi'IIIiys marina (xxvi. 22 a, h ). — cilia, and behind by 4 to 6 very' long geni- 
Oval, with a longitudinal excavation; dilate styles. In sea-water. 1-680”. 
terminated in front by 6 grcait vibratile 


(jonus COCCUDIXA (Duj.) (XXVI. 30 «, />, c). — Body oval, depressed 
or nearly discoid, often rather sinuoas on the margin; convex, pitted or 
granular, and glabrous above ; concave below, with vibratile cilia, and styles 
or hooks, serving .as feet ; without mouth. 

Intermediate between Loxodes and Pltesconia, luiving the «a])pcndagcs of 
the latter, and the genmul figure of the former. Ehrenberg has left the 
Coccud’nue known to him dispersed among the species of OiVijtrkha and 
Euplotes. Asp’idisca should jirobably be referred to this genus. 


CoccuDiNA costata. — Oval, oblirpiely 
contracted, and sinuous in front ; convex 
and furrowed b<‘noath, where from 6 to 6 
vt;ry prominent tubi*rcuhp*ribs an; found, 
supporting longcilia; nppendage..s grouped 
at eaeh end; the anierior thinner and 


I vibratile. In marsh-water and swampy 
ponds. 1-666". 

C. crassa. — Oval; larger and appa- 
rently truncated behind ; contracted and 
sinuous in front; convex above, with 
; feebly- marked ribs; anterior .Tppendagfjs 
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in the form of hooks; posterior, of 
straight styles. 1-20". Marine, among 
corallines. 

C. polypoda (xxvi. 30 a, ft, c). — Oval, 
sinuous in front ; convex above, and 
marked with Irom 7 to 8 naiTow ribs; 
flat below, and furnished with numerous 
long and flexible styliis. In stagnant 
sea-water. 

C. Cicada. — Oval, very convex above, 
granular, without costaj ; margin round- 
ed ; concave beneath, and thc^rc providcai 
with long and flexible styles. Appeal's 
the same as the Tnvimda Cicada of Miillt'r, 
but not as its supposed synonym Oxy- 


iricha Cicada (Elir.), which is like the 
Coccudina costata ratlier tlian C. Cicada 
1-812;'. 

C. (?) Cimcx = Styhmychia Citm‘.r( l^hr. ). 

C. reticulata . — A name provisionally 
applied to an animalcule found in the 
Heine, having a granular and rciticnlated 
surface, and large styles at each end. 
1-578". 


C. crydallina (Pertv). — Ilyalint*, with 
from 6 to 7 long costjc on the dorsum, 
and very short cilia. Outline round. The 
costa) are less elevatc^d than in C. costata. 
Wet moss and turf on the Alps. 1-900" 
to 1-600". 


OF THE GROUP ROTATORIA (p. 392). 

(Plates XXX1T.~XL., and part of XXV.) 

Those animalcules whi(di are included in the great diN'ision Rotatoria are 
either destitute of a nervous system, or have merely an isolated ganglion 
near the head, representing the brain, with a few nervous threads ])roeeeding 
from it to the body, 'fhey have no pulsating heart, nor true blood-vessels in 
which the blood circulates. The fluid api)arently representing the blood 
occupies the cavity of the body and bathes the external surfaces of the various 
viscera, as in the lower Crustacea. The alimentary canal is tubidar, variously 
(.'onstricted at iiiteivals, often dividod’into segments, each of which appeal's to 
])erform specsial functions. One segment, near the upper extremity of the 
canal, is provided with a pair of moveable apjiendages, between Avhich all the 
food swallowed has to ])ass, and Avhich may be regarded as teeth or jaws, 
probably analogous to the gastric tecdh of Crustaceans. In many s[)t)cies 
there arc ca:cal proloiigatioiis of the stoma(*h ; Avhilst the walls of the^organ arc 
thick and cellular, having a glandular as^iect. The alimentary canal is, Avith 
SOUK) remarkable exceptions, furnished Avith an oriliec at ea(*h extremity, or 
mouth and anus, — the latter usually opening into a ciwity termed the cloaca, 
or common outlet for the intestine, the oA'iduct, and the (so-called) Avater- 
A’ascular canals. The interior of the canal is variously supplied AAith cilia, 
Avhich are in constant motion. The cmcal and cellular appendages are su])- 
posed to be glandular ; but their functions, as avoII as relations to the liA’er 
and other chylopoctic organs of higher animals, are doubtful. 

The character and iustniments of the resi>iratory functions in the Rotatoria 
are alike doubtful, but most probably tliey are performed by the AAnter Aas- 
cular canals. These are two slender tubes (XXX \T. 6 e,y) springing from 
the cloaca nvur the anal outlet, and proceeding upAvards on each side* of the 
intestine towards the head, Avhere they branch, and sometimes the two 
anastomose, at others probably tenninate in ciils-de-.mc. These canals com- 
mence at a pulsating organ (XXXVI. 6 v; XL. 5), common to both, and 
connected Avith the cloaca. In various parts of their course they are fur- 
nished Avith p5’nform ap])endages (XXXVI. 6 a) (tags) varying in number 
from two to eight on each side. In the interior of eacli tag is a singh> 
large edium, Avdiich exhibits an incessant motion, resembling the flickering 
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flame of a candle, and which most probably promotes the circulation of the 
water contained in the canals. TMs water is apparently received from the 
cloaca into the pulsating appendage, and from it transmitted to the various 
parts of the tubular system, — a fact especially confirmed by Cohn’s observa- 
tions on BrachioniLS militaris. Hence these water- vascular canals, with 
their vibratilo appendages, appear designed to convey streams of fresh water 
to the interior of the animal, and thus, by exosmosis, aerate the fluid filling 
the body of the animal, — the latter being continually driven to and fro during 
the active muscular movements by which the creature alters its contour. 

The Eotatoria are provided Avith a reproductive ai)paratus, the female 
organs being remarkably large and conspicuous (XXXVI. 4/). In the 
majority of species the latter is the only portion that has hitherto been dis- 
covered ; but in several, male organs have been found on separate indivi- 
duals, indicating th(j bisexual nature of the class — at least demonstrating 
the dioecious character of some of the species, a feature which will probably 
be found to characterize the entire family. The ovary consists of a very thin 
bag of structureless membrane (XXXVI. 4/), distended with clear fluid full 
of granular molecules, amongst which are some ceUidar nuclei. The latter 
successively attract around them portions of the granular fluid, thus forming 
ova. In several species two distinct kinds of ova arc produced by the same 
individual, one being a true generative product, the other a modified ex- 
ample of geminiparous generation, and its growth independent of any sexual 
process. The ovary communicates with the cloaca by means of a narrow but 
dilatable oviduct. In examples of male animals that have been discovered, 
there is a remarkable absence of all viscera, except the organs of reproduction 
(XXXVI. 7, 8). 'Whether all the Rotatoria are dioecious, or whether some 
arc hermaphrodite, the male organs having hitherto escaped detection, re- 
mains to bo ascertained. 

The bodies of the Rotatoria, unlike those of the Polygastric Infusoria, re- 
tain a determinate form, never developing external gemmje, nor dividing by 
spontaneous division. Even on emerging from the egg, they possess all the 
essential fcaturesof the matured aniraal(XXXVII. 16), neither passing through 
a larval state nor being subject to metamorphosis like Cnistaceans and Insects. 
In the young animal some of the organs, especially the ciliated disks and 
other external appendages, are imperfectly developed, but they undergo little 
subsequent changes bcjyond an increase of size and dcfinitivencss. Some 
organs, as the red eye-spot, often disappear as the animal progresses to ma- 
turity. The anterior extremities of the Rotatoria are furnished >vith various 
arrangements of the disks or bulbs supporting numerous cilia (XXXVI. 
1 a and 4 «). These combine to form the rotatory organs, so designated from 
the whcel-liko aspect which they present when fully expanded and with the 
cilia in motion. Though destitute of true articulated limbs, some species (c.ry. of 
Melicerta) have appendages not imlikc the palpi of Crustaceans and Insects, and 
which are probably tactile (XXXVI. 18 ; XXXVII. 17 d). Many forms are 
provided with a prolongation of the posterior part of the body, which is often 
pointed (XXXVIII. 1), and with the articulations slipping into one another 
like the joints of a telescope. This organ is sometimes furnished with a 
terminal disk (XXXVII. 17 6), and is used like the tail of the leech, os an 
organ of attachment. In other cases the disk is wanting, and its place sup- 
plied by one or two digital appendages (XXXVI. 4 7i), employed us anchors ; 
whilst, in swimming, the entire organ appears to become a rudder, regulating 
the direction in which the animal moves. 

The entire animal is invested by a thin pellucid membrane, which, from 
its extreme tenuity and transparency, readily allows the examination of the 
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internal organs whilst the creature is alive and the viscera liilfiUing their 
functions, — a circumstance that has even made these creatures the favourites 
of the microscopic obscr\’er. 

Modes or Obsebving the Rotatoeia. — ^The magnifying powers most useful 
in the examination of the Rotatoiia are those varying from 200 to 400 linear. 
For watching their general habits, an object-glass of a half-inch focus, 
which with an eye-piece giving a power of about 70, is ample ; but for ex- 
amining their internal organization, one of about 300, having an object-glass 
of from one- third to one-sixth of an inch, is the most useful ; for the special 
examination of more minute structural details, still higher powers are occa- 
sionally, but not frc(]uently, needed. We have already remarked that, from 
the transparency of their bodies, the Rotatoria can be watched with much 
case, their internal organs being distinctly visible ; and, as these latter are 
often equally transparent with the general integument, their contents, and 
the functions they perform, can be investigated with little difficulty. When 
their general habits arc subjects of investigation, it is obvious they must be 
allowed much of the freedom enjoyed in their natural condition. For this 
purpose they may be introduced into a small phial of thin white glass A\dth 
a long narrow strip of similar material in its interior ; the latter being so 
fixed as to be nearer one side of the phial than the other. A blade of grass 
or one or two stalks of hay may now be introduced between the strip of glass 
and the proximate side of the bottle ; these will attract the animalcules Jind 
bring them within the range of the magnifying power. If the phial be now 
filled with water containing the Rotatoria, they will soon find their way to 
the vegetable matter, (\specially if the bottle stands for awhile in the sun, 
with the side to which the plant is affixed turned to the light. The whole 
may now be placed under the microsco])e and readily examined through the 
lower magnitying powers. To some extent, the same object may be more 
readily attained by merely transferring small fragments of the half-decayed 
vegetation fioating in the water containing the animalcules, along with a 
drop or two of the water itself, to a glass slide, covering it over with a piece 
of thin microscoiiic glass. Rut in this case the movements of the creatures 
are less free, especially if they hajipcn to be of the larger kinds, such as the 
FloscularicR, 111 esc are often chary of emerging from their protecting cases 
unless the coast be clear of all impediments. Rut the freedom of motion, so 
important to the accurate observation of their habits, wholly prevents the 
examination of their intcmal structure. Their perpetual gyration renders it 
impossible to trace either the forms or relative position of the viscera ; con- 
sequently thoj" must be controlled. This may partly be accomplished by 
introducing them between the glasses already recommended A\ithout the 
intervention of any vegetable or other foreign substance. In this case care 
must be taken to adjust the relations between the size of the thin glass 
covering and tliat of the drop of water. If the former be large and the hitter 
small, the chances are in favour of the animalcules being crushed. If these 
conditions are reversed, their motions mil not be sufficiently restrained, 
neither can the water be preserved from disturbance and vibration. If once 
care in hitting the medium of these conditions is essential. The smaller the 
drop of water the thinner will be the fluid film when the protecting glass is 
placed upon it, and the more effectually will the vagrant habits of the 
creatures be controlled. Sometimes it becomes necessary to rupture the 
animals by further compression, even whilst under examination. The diffi- 
culty is to accomplish this without forcing them out of the field of the instru- 
ment. It may be accomplished by means of a common sewing needle fitted 
into a handle, by which pressure may be ajiplicd gently but firmly to the 



052 


SYSTKilATIC HISTORY OF THE INFUSORIA. 


thin glass. But this object can bo still better attained by means of one of 
the compressoria provided by opticians : the pressure being effected with a 
fine screw, the movement can be regulated with the utmost nicety. Thus 
the animal can be merely fixed in its position, whilst its \ital fun(;tions pro- 
ceed without interruption. On increasing the pressure, we obtain increased 
tiTinsparcncy by reducing the thickness of the animal ; and on carrying the 
motion still further, we can rupture the integument, when the viscera become 
detached and discharged through the fissure. Thus their minute organization 
can be more accurately ascertained than when retained in situ. In some 
cases the fonns of the various viscera can be rc*adily ascertained from the 
different hues which characterize them, but in the majority of llotatoria this 
guide fails us. Consc(iucntly observers have long ado j) ted a plan of feeding 
the animals with brightly-coloured pigments, such as cannino and indigo, 
which many of the creatures consume with a\'idity : a very small quantity of 
the colour should be nibbed up wuth a little water, as if for artistic purposes. 
If the live-box be used in examining the creatures, with tin? water contain- 
ing the animalcules a little of this colour must be mixed piior to the cover 
being placed upon them. But when a common glass slides is cinjiloyed, it 
generally suffices to dip a camel’s-hair pencil into the diluted pigment and 
apply it to the edgcj of the thin glass. The colour usually Hows between the 
gbisscs, and diffuses itself through the water sufficiimtly to ansAver every 
piu'pose. Two objects are noAV attained. The minute coloured particles jire 
thrown into active motion by the ciliary movimieiits of the trocjhal wreaths, 
beautifully demonstrating tlie force and direction of the a(iueous vortices set 
up by the animalcule ; and by noting the direction taken by such of the 
particles as are swallowed, the position ot the mouth and tt'sopluigeal canal 
can be traced. These ])articles usually accumulate in the stomach, (.listend- 
ing its panetes ; and as the bright colour of the pigment (jontrasts strongly 
Avith the transparent walls of the viscus, its size, form, and position, as Avell 
as the structure of its Avails, can be readily made out. By prolonging the 
obseiwation, the same agent enables us to ascertain the direction of the 
intestine, anus, and cloaca, — since, when the stomach becomes inconveniently 
full, the creature usually everts the cloaca, brings the anal oiilice into contact 
with the surrounding fluid, and suddenly empties the stomach or boAvel of its 
contents. 

There are practical disadvantages attending the; use of carmine and indigo, 
some of Avhich Mr. White appears to have overcome by substituting the red 
])igmeiit which lines the cornea of the eye of the common house-ily {Microsc. 
Jonrn, ii. p. 282). By means of a finely-pointed knife, or sharj)-edged needh*, 
the large cornea can easily be detached from the head of the insect ; Avhilst 
a small, stiff camel-hair, or (stiQ better) a small sable pencil suffices to AViush 
the pigment out of the internal concaAdty of the detached cornea. 

It is occasionally desirable to examine the animals by reflected instead of 
transmitted light, in order that their true colours may bo exhibited, as 
Mr. Gosse has pointed out in the instance of Philoflina citrina. 

Lc^calities for Kota TO hi a. — These are exceedingly diversified, varying 
from the Avido ocean to the dried-up sediment of the Avater- spout. There 
arc few circumstances under which water exists, in which Hotatoria may not 
bo found, though they dislike it when its contents arc undergoing decom- 
position. Consc(iuently, tliough they occur in all vegetable infusions, they 
arc only to be found Avhon the first stage of decomposition has passed aAvay, 
and they usually disappear again Avhen the Avater becomes putrid and offen- 
sive?. After the Monadina, Parmnevia, and other smaller Infusoria have run 
their course, and in huge measure disappeared, the Rotatoria occupy their 
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places, — a circumstance that has led some observers to suggest the probability 

of some of these lower forms being the larval states of the higher ones a 

view now known to be erroneous. 

Some species, especially the Jtotifer vulgaris, are common wherever water 
has remained for a little time without disturbance, in cisterns, depressions 
in the gutters of houses, saucers of ilower-pots, and similar situations. A 
few forms have been found in the interiors of vegetable colls. Thus lloiifer 
vulgans occurs in the leaf-(iells of Sptuignum, and in the clavate branches of 
feeding upon the contained chlorophyll. A^olommata parasitica 
and N. petromyzon, found within the spheres of ITolvox glohator, in like 
manner consume the little masses of green protoplasm ; whilst Notommata 
WerneeJei i , like the liotifer, occurs in the cells of l^aucheria. 

They often abound in the damp moss fr<nn the neighbourhood of bogs, 
streams, and waterfalls. But, besides these special situations, some of them 
are to be found in almost (jveiy ditch and pond in which Lemnoc, Conferva), 
and other decajnng masses of vegetation aboimd. Sometimes they jday round 
the plants with incessant aedion, pushing their slender bodies into every 
recess in Avhich food may huk, then backing out again as cleverly as any of 
th(*ir larger acjuatic companions can do with tin and tail, — now auclioiing 
themselves to some projecting point by means of their tlexible pseu(loi)o(lia, 
drawing in their tro(jhal disks with apparent alaini if any other creature 
brushes past their resting place with unmannerly rudeness ; then, forgetting 
their fears, they again evolve their ciliated wheels, loosen from their anclior- 
agi', and lauiKdi away int<^ the clear stream, disjdaying the vari(‘d modes of 
progression so (;liara(doristic of diflereiit s])ecies. But it is only some of 
the forms which indulge these vagrant habits. The higher forms, su(-h as 
Limtiias, Mcliceria, b'losmhirin, Lncinularia, and titephanoceros, are (]iiiet 
stay-at-liorne matrons, at least after sowing the wild oats of their youthful 
days. For a short time only after leaving the ovum do they roam wild and 
free. They soon settle down, attaching themselv('s by tlieir false feet to some 
tixed resting place, wlu'rc tiny spend the rest of their lives in sober tran- 
(piillity. These home-birds must be sought for amongst the stems and leaflets 
of CcraiophyUam, Chara, find the water llanunculus, more freipiently occurring 
in the clejirer streams and ])onds tlnm do many of their smaller allies. 

Unlike the Monadina and other lower Infusoria, the llotatoria rarely occur 
in such ])rofusion fis to colour the water, it is occasionally rendered turbid 
and milky by Jiracliionus Paka, which, in such cases, occurs in vast profusion. 
iirachioniis iirccolaris and B. rabetis sometimes present the same conditions. 
TypMina viridis, found by Ehrenberg in Fgypt, coloured the water green. 
Lacinalaria forms snndl transpanmt gelatinous masses. Limnias annidatns 
occasion filly studs the leaves of water-plants in such nunil ier as visibly to 
clothe them in russet brow'ii ; and groups of Conoclrilus Volvo.v ajiiiear in 
small clusters, adherent by the extremities of their pseudopodia, like a group 
of tadpoles dipped in colourless jelly, from Avhich they can protrude their 
heads or retract them at will; but sociality does not usually characterize 
the llotatoria as it does Euglena and simihir forms. Tt is only when, the 
jiarasitic spi*cies hfivc taken possession of some remarkably favourable 
locality that they so abound as to affect the aspect of the plants on w’^hich 
they dwell, and thus force themselves on tlie attention of the obsciwer. 
Usually they must be sought for in a systematic way, without any extcnial 
indications wliether a pool will prove productive or barren. We have, how^- 
ever, rarely been disappointed on examining the green and foul-looking 
diainage from the manure heap in the farm-yard. Amidst its swarms of 
Eagkncr \ve have usually found a rich supply of Rotatoria. The true micro- 
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scopist must not be afraid of soiling his hands, or have a weakness for kid 
gloves. Some few Rotatoria assume the habite of Entozoa. Albertm ver- 
miculari^ was found by Dujardin in the abdominal cavities of the earthworm 
and in the intestine of Limacina ; whilst Albertm crystallhm was discovered 
by Schultzo in the intestine of Nais Uttoralis. 

CArTUKB OF Rotatokia. — The modes of capturing the Rotatoria must vary 
with the species sought, as will bo evident from the remarks made in the 
preceding section. The simph^st mode of obtaining the majority of the forms 
is to collect a quantity of Confervte, Lemnce, or the half-dcjcaying masses of 
the different pond-weeds, filling the vessel with water from the pool in which 
plants were growing. We have usually found the shallow margins of the 
pond most productive. On reaching honie, the vegetable mass must be well 
stirred up in the water, in order to detach the animalcules from the plants to 
which they cling ; and, before they have time to rc-attach themselves, the 
water must be poured off into another vessel, through a piece of muslin or 
very fine net. All the coarse material is thus got rid of, nothing passing 
through the strainer but water rendered turbid by fine particles of half- 
decayed vegetation suspended in it. But along Avith those vegetable atoms 
the Rotatoria will also pass into the receiving vessel, wliich must be allowed 
to stand for a while, allowing the sediment to sink to the bottom, where 
it wiR bo followed by the animalcules which find nutriment in tlic half- 
decayed mass. A small portion of this sedin)ent may now be taken up by 
means of a narrow glass tube, one end of which must be introduced to the 
bottom of the vessel, whilst the o])positc one is closed by the finger or thumb. 
On removing the latter, the sediment nishes up into the tube ; and if the 
upper end of the tube be again closed as before, the contained material can be 
transferred to the live-box or the glass slide. If the tube be held for a few 
moments in a vertical position, the upper part being still closed with the 
finger, the vegetable matter and its accompanying animalcules will sink to 
the lowest part of the water ; consequently the first drop escaping from the 
lower end of the tube will usually bo richer than those that follow. If the 
drop be received upon a glass slide, it must bo covered over with a piece of 
thin glass, when it is ready for the microscope, and, unless the pond has been 
uncommonly barren, the instnimcnt will reveal a rich harvest of AJgm, Con- 
fcrvDD, Desmidiem, Diatoms, and Polygastrica ; whilst amongst all tliese the 
Rotatoria will be found sailing from point to point, exploring all tlic recesses 
between the vegetable fragments, — ^now quiescent, as if contemplating the 
contents ot the larder, then, as if dissatisfied with the prospect, sailing away 
to some more promising pasture. But when a tempting nook presents itself, 
this restless locomotion ceases, and they attach themselves to some fixed point 
either by means of a disk-liko foot or by using its terminal joints as an anchor, 
— their trochal disks being for the time drawn in, and comfortably lodged in 
the anterior part of the body. Its position being fairly secured, the animalcule 
evolves its wheels, at first slowly, but soon increasing their speed. A violent 
commotion amongst the atoms abounding in the water soon indicates the pro- 
duction of a miniature whirlpool, which brings a continuous stream of edible 
matter within the reach of the hungry traveller. But, though hungry, he is 
a dainty gentleman, and chooses to select liis fare. The bulk of what is 
drawn towards him by the vortex he has created, not suiting his taste, is 
suffered to flow by, in a continuous stream, like that left by the rocket in its 
flight. But everjrthing is not thus allowed to pass : the teeth-like jaws of 
the animalcule are constantly playing against each other with desperate 
energy , whilst sudden jerks and contractions indicate that the animalcule has 
made a capture ; and though it is not always easy to see his prey pass down 
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his gullet, the gradual expansion of his stomach proves that he is not labour- 
ing in vain. The Monads find to their cost that he is a real Tiiton amongst 
the minnows. 

Another mode of capturing similar forms is by employing a small net, of 
very fine muslin firmly fastened to a ferruled hoop of brass or iron, a few 
inches in circumferonco, and capable of being fitted to a walking-stick or 
fishing-rod. It has been recommended that the exterior of this hoop should 
be grooved, so that nets of various degrees of fineness cun readily be employed 
— these being attached merely by means of an clastic ring of vulcanized 
indian-nibbcr, drawn over them and fitting into the metallic groove. By 
means of a net of this character, the central and deeper parts of a pond can 
bo searched, as, if the gauze be sufficiently fine, the net will retain the larger 
Rotifera, whilst the water passes freely through it. After making a succes- 
sion of sweeps through the pond, the net may be everted into a receiver con- 
taining clear water, and with a little manipulation the animalcules adhering 
to it may be washed into the vessel. By means of the same net the fluid 
may be concentrated until at length the rich products of an hour’s fishing 
may be earned home in an ounce phial. But the muslin must be very fine, 
or the richest of the game will escape. When the largo and excpiisitely 
befiutifiil Floscularian Rotatoria arc the objects of search, a diflerciit method 
must be followed. It is but occasionally that they can be met with ; conse- 
quently the student must be prepared to give time and labour before he 
succeeds in discoveniig those lovely objects ; but they are well worth the 
piice. As before observed, Melicertay ISteplimioceroSy and similar forms are 
found attached to the slender stems and subdivided leaves of CeraiopliyU 
lam, MynophifUimi, llanunculas aqmtilis, the Charce, and similar plants. 
The method of search which we have found the most successful has been to 
carry with us to the field a narrow phial of clear white glass or a chemist’s 
test-tube, into which portions of such plants as a pond may contain may bo 
introduced along with a little clean water. The unaided eye, when experi- 
enced, soon ascertains the presence or absence of the objects sought for ; but 
the search may be further facilitated by means of a pocket-lens of low 
magnifying power. If, after selecting several fragments drawn from different 
parts of a pond, these do not reveal traces of some of the Flosculoidans, it is 
probable they do not exist there, and wc may proceed to some new fishing- 
ground ; but if an isolated individual bo detected, every clump of aquatic 
vegetation in the pond should be carefully searched ; for, as is the case with 
Volvox and many other microscopic organisms, there ^vill be found in some 
part of the water a colony where Malthusianism has no place, and to which 
the isolated individual first found bears the same relation as the trappers and 
backwoodsmen of the west do to the swarming communities of Boston and 
New York. 

One remarkable circumstance must be borne in mind by the animalculo- 
hunter. If ho happens to remember a pond where some rare species 
aboimdcd last year, lot him not again turn thither in search of it, as the 
chances will not be in his favour. These creatures rarely exist in the same 
water during two successive years. The reasons for this are not easily ascer- 
tainable. The remark is ecpally applicable to Volvox and the Desmidieoe. 
The search will be most productive if prosecuted on new ground. It may be 
remarked that the Floscularian Rotatoria are usually discovered accidentally, 
rather than by predetermined search. Respecting the marine Rotatoria but 
little is known. The class appears to have but few representatives in salt 
water, contrasted with their abundance elsewhere. Nevertheless some may 
occasionally be observed whilst examining corallines and seaweeds under 
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the microscope, around which objects they play after the fashion of their 
freshwater allies. In tlie ocean wo have few or no countcrpai-ts of the 
stagnant pools found on land ; those dark holes on rocky coasts, the homes of 
the Actinice. and the seaweeds, which would otherwise represent ponds and 
ditches, are too constantly disturbed by the tidal wave to admit of the<hccu- 
mulations of decaying vegetation so favourable to the existence of the fresh- 
water species. 

Classification. — The exact place which the Rotatoria should occupy in 
the zoological scale is as yet undetermined, since discordant opinions arc 
entertained on the subject by some of our most eminent naturalists, as will 
be seen by a recurrence to Tart I. of this work (p. J162). The question can 
be decided only by a careful study of their development as compared with that 
of other animals. Most inferior creatures are the permanent represen tativ(\s 
of conditions which are merely tninsitional in the adviinco from the ovum to 
maturity of some higher form, — the former beings obviously occupying a posi- 
tion subordinate to the latter, inasmuch as they never advance beyond a state 
which onlj" occui’s in the higher animal in its immature and ira])erfect con- 
dition. The !Myriapod and the W'orm, Avith their strongly-mai kcd vegetative 
repetitions of parts, obviously find a temporary representative in the crawling 
cateqnllar, but not in the fully-formed winged insect of which the caterpillar 
is but the nidimentary larva. Consecpiently the Worm and the Myriai)od 
must alike be placed below the Insect, if we arrange animal forms in a linear 
series according to their develo])ment. Supposing this method of ascertaining 
the true zoological position of any class of animals to be correct, the (jnestion 
naturally arises, what larval states of other animals arc most clos('ly repre- 
sented by the permanent forms of the Hotifera ? It is clear that the Uotifera 
have little allinity with tlie Polygastric Infusoria ; for, though the family of 
Vorticellina amongst the latter animals seems to (oiistitute a sort of inos- 
culating link, the atfinity of the Vorticellm to the Rotatoria axjpears to be 
rather one of rescmblancjc than of relation shij). The history of the Vorticelhry 
as worked out by rrofossor Stein, reveals nunq)hologieal changes wholly dis- 
similar from Avhat ot.(rurs in the Rotatoria, amongst which the encysting- 
process, so characteristic of the Vorticellcp, has no place. This process is 
obviously one of tlie phenomena of dcwelopment by gemmation which is most 
prevahmt amongst the lower animal foims, and becomes less freipient as wo 
ascend, until, amongst the higher classes, it never occurs. In ascertaining the 
relation of the Rotatoria to the Vorticelloi, it is necessary to inquire how far 
this reproduction by gemmation, as distinct from sexual reproduction, has 
any existence amongst the former animals ; and this is precisely the question 
which we arc as yet unable to ansAver. It has been suggested that, of the 
tAVo forms of eggs knoAvn to be produced by some Rotatoria, one group con- 
sists merely of buds encased in a shell, Avhilst the otlicrs arc the tme sexual 
products ; but such eminent obseiwers as Professor Huxley and Dr. Colm are 
at issue as to Avhich of the tAA^o kinds of ova are to be respectively regarded 
as true eggs or as gemmae. Dr. Cohn contends that the bodies ordinarily 
regarded as eggs are merely gemniaB throAvn off from the organ believed to 
be an ovary, without any fertilization by a male animal, — ^thiis accounting 
for the extraordinary profusion in which those eggs are doA'cloped, AA'hilst so 
many observers have been baffled in thcar attempts to discover spermatozoa 
or any male organization. Tlie mode of development Avhich Professor Huxley 
observed in the ova of LacinalarUi, and Professor Williamson in tliosc of 
Melicerta, are not incomnatiblc Avith the idea of their being gommaB, and 
the ovary a gemmiferous stolon. Supposing all this to be true, avc have, 
in lh(* formation of these shelled g(^mma?, an analogue to the development of 
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the Voriicella-hnilsi from the Acinetal eondition of the Vorticelhv ; but the 
encysting of the entire body of the latter animal, and especially its resolution 
into a multitude of gcmmules, finds no parallel amongst the Kotifera ; hcncc 
we cannot regard the two classes of animals as having any closo affinity to 
one another. 

Professor Owen removes the llotatoria from the Cuvierian group of lladiata 
and places them amongst the Articulata, in close alliance with the Crustacea. 
This idea is a plausible one, and has several supporters. But here we are 
met by the fact that all the Crustacea, not excluding the Cirripeds and the 
Entomostraca, pjiss through a larval condition, resembling which, notwith- 
standing the assertion of Ixiydig, nothing has hitherto been observed amongst 
the Botatoiia ; whilst the latter cannot be regarded as having any resemblance 
to the larval conditions of these higher Cnistaceans in any stage of their 
history. Professor Huxley’s suggestion, that they are the permanent repre- 
sentatives of the larval foi-ms of his gi'oup of Anniiloida (including the Echi- 
noidea, Annelida, Trematoda, and Nematoidea), appears to have many facts 
in its favour, since it connects them with the articulate division of animals 
without raising them to the level of true Crustaceans. Burmeister and Leydig 
hold similar views to those of Owen resjiecting the closo relation existing 
between the Rotatoria and the Crustacea. Leydig dwtdls especially upon 
their external figure, the frequently hardened lorica, the existence in their 
bodies of striped muscular fibre, their nervous system, the anatomical and 
physiological phenomena of their sexual life, and, lastly, the supposed fact 
that the young, at its liberation from the ovum, has not the form of the 
adult animal, and consequently must undergo a metamorphosis. These argu- 
ments, when examined closely, afford feeble support to Ley dig’s o]>inioii. 
External form is an unsafe cnterioii of zoological i)osition. Were it trust- 
worthy, it would bring the Rotatoria neaixu' to the (dlio-brachiatc y)olyi)os 
than to the Crustacea. The hardened lorica is nothing more than a modiluxl 
exo-skeleton, which is fis fully developed in the Echinoderms as in tin* 
Crustaceans ; whilst in the majority of the litunoadco (the section of Crus - 
ta(5cans to which Rotatoria bear the elos(?st aflinily) this li.xrdcncd integument 
is wanting. The existence of striped muscular fibre proves nothing, since 
Mr. Busk long ago discovered this siructui e in some of the Acalephac. The 
nervous system of the Rotatoria is as jxit so iuqjci fectly undcrstf)od that little 
reliance can at present bo placed upon our knowledge of it ; besides which, as 
Professor Huxley has pointed out, a similar condition to that of the supposed 
nervous system of Rotatoria exists in Turhellaria ; and, lastly, the pheno- 
mena of sexual life amongst the Rotatoria arc as little understood as is their 
nervous system. The few instances in which male animals have been found, 
present some r(^semhlan(;e to the phenomena seen amongst the Lemeada? ; 
hut the subject is equally involved in obscurity in each of the two classes of 
creatures, whilst Leydig’s assertion, that the young Rotifera undergo meta- 
morphosis, appears entirely en'oncous. The only facts positively determined 
indicate that nothing of the kind takes places amongst them, whilst all th(i 
Crustaceans, including the Lerncadae, undergo repeated moults before reaching 
maturity. 

We forbear enlarging on this question of the zoological position of the 
Rotatoria, as it has already been discussed in much detail in the first jiari of 
this work (p. 468 et seq,). 

The most philosophical mode of subdividing the Rotatoria into families 
is almost as undetermined as thei^ zoological affinities. Ehrcnherg, who 
led the way in this work of classification, based his primary groujis 
upon the number of divisions and form of the ciliated troclial wreath, sub- 
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dividing each division according as the animals composing it were loricated 
or illoricated. 


The following table represents his classification : — 


( 


Witli a simple continuous 
wreath oi cilia (Mono- *< 
trocha) 


Margin of ciliated wreath 
entire (llolotrocha) ... 

Margin of ciliated wreath 
IoIkkI or notched (Selii- 
zotrocha) 


Illoricated . . . Ichthydina. 

Loricated (Keisti na. 

Illoricated ... Mcgalotroehaea. 
TiOricated Flosculariaea. 


With a compound or di- | 
vided wreath of cilia *{ 
(Sorotrocha) 


( With the ciliated wreath 
divided into several 
series (Polytroeha) 

With the ciliated WTcath 
dividend into tw'O scries 
(Zygoirochn) 


Illoricat€>d ... Ilvdatinoea. 
Loricated Kuchlanidota. 

{ Illoricated ... Philodina;a. 
liOricated Brachiomra. 


N.B. This classification is given more at lenglh at p. 478. 


Sicbold adopts the cla.ssification of Ehrcnberg for the Rotatoria, omitting a 
few genera. Dujardin, on the contrary, regards the piinciples employed by 
the great Prussian microscopist in framing his division of those animals as 
faulty and uncertain ; consequently he puts forth a classification of his own, 
substituting the name of Systolidcs for the better knowm one of Rotatoria. 
Ho admits four primary divisions of the class, viz. — 

1 . Those Rotatoria which live fixed to some foreign body by their posterior 
extremity. 

2. Those wdiich employ but one means of locomotion, using their vibratile 
cilia as instruments, and being always swimmers. 

3. Those which exhibit two modes of progression, viz. swimming and 
crawling, after the manner of leeches. 

4. Those which creep by uncini, and are destitute of vibratile cilia. 

The first of these groups includes only his Flosculariens and Melicerticns. 
The second contains by far the largest number, and is subdivided into two 
secondary groups, in one of which the animals have an integument wholly 
flexible, whilst in the other they have some part of it solid, constituting a 
lorica or shield. The third section contains only his family of Rotifera, 
clo.scly corresponding mth Ehrenberg’s family of Philodincca ; whilst the last 
comprehend, s the Tardigi'ada. These curious animals are now known to liavo 
no affinity with the Rotatoria, but belong to the Arachnida, or class of sjuders. 
Indeed, at the time of publishing his book, Dujardin expressed doubts as to 
the propriety of uniting them with the Rotatoria. 

Leydig proposes a new classification of the Rotatoria, or as he terms them, 
in accordance with his views respecting their nature, Cilio-crmtucea, which 
he arranges “ according to their forms — ^whether they arc cylindrico-conical, 
saccifoi-m, or compressed, together with which, as further characters, the 
condition, presence, or absence of the foot may be employed.” 

He adopts three primary divii^ons : — 

A. Figui’e between clavate and cylindrical. 

R- y. sacciform. 

„ oampressed. 
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These he again subdivides as follows : — 



1 . 

2 . 

3. 

4. 

5. 


{ 6 . 


With elongated, transversely-ringed, attached foot. 

With elongated, jointed foot, retractile, like a telescope. 

With elongated, jointed, non -retractile foot. 

With short foot and long pedal forceps. 

With short foot and pedal forceps which are of equal length with, or 
somewhat shorter or longer than the foot. 

Without foot. 


jy f 1. Foot short. 

’ \ 2. Foot absent. 


C. 


a. 

h. 


Depressed from above downwards | absent 

Laterally compressed. 


It will be seen that the classifications of Ehrenbeu’g, Dujardin, and Leydig 
agree in one feature : they arc more or less artificial, being based iqDon 
lieculiarities of external fonn and habit rather than upon internal orgfiiiiza- 
tioii. The subdivision of the trochal wreath varies in its extent with the 
age of the animal, the depth of its sulci increasing with the approach of 
maturity ; consecpicntly the defectiveness of Ehrenberg’s system becomes at 
once obvious. No such changes as wo have just referred to affect the intcnial 
viscera, except in a minute degree ; consequently the latter alone, when 
thoroughly understood, can furnish the true materials for a philosophical 
classification. But unfortunately we do not as yet possess such a number of 
accurate obseiwations as admit of our arranging the various species on this 
higher basis. For example, the llotatoiia are either moncecious or dioecious : 
a tow have been demonstrated to belong to the latter class ; but of the vast 
majority we arc unable to say which of these two features characterizes 
them. The belief in their raonooeious natui*e has until recently been general ; 
but the possibility of their being all dioecious now suggests itself. Should 
future observations establish the fact of some llotatoria being monoecious 
and others dioecious, the distinction will be one of paramount imi)ortance 
as a basis of classification. But of the internal organization of the vast 
majority of these animals we unfortunately know little or nothing. A 
veiy small number even of the liighcr forms have been submitted to rigid 
and accurate scrutiny ; consequently the want of material for a natural 
classification, based on anatomical and physiological data, compels us to fall 
back upon such as are artificial. (See Part I. p. 477 for additional remarks 
on classification.) 

The relative value of the three systems of Ehrcnberg, Dujardin, and Leydig 
will be a disputed question. Where the purpose to bo accomplished is merely 
the provision of an index (and artificial systems can be little more), the clas- 
sification in which the distinctions are most readily recognized will best fulfil 
its purpose. On these grounds we think there is little room for choice be- 
tween those of Ehrenberg and Dujardin. The two primary sections of the 
great Prussian naturalist are easily recognized, his four principal subdivisions 
almost equally so ; and the ultimate division of each group into a loricated 
and an iUoricated series not only facilitates the investigations of the young 
student, but is an element in Dujardin’s system, who, by adopting it, re- 
cognizes its value. At first sight Twcydig’s ’ classification would appear to 
approach nearer to a natural system than either of the others enumerated ; 
but close examination does not confirm this impression, since, in order to 
arrange the objects in their respective groups, rfifeh genera as DiglenOy Fur- 

2 u 2 



G60 


SYSTEMATIC HISTOHY 0 ¥ THE INFUSORIA. 


cularia, and Notommata have required to be subdivided, part being thrown 
into one subdivision and part into another. Objects which present such close 
resemblance as to be capable of arrangement in one generic group can scarcely 
be so diverse as to justify their separation into different families. The de- 
tachment of the fifth section from the fourth, merely because its individuals 
are furnished with short pedal forceps, would furnish a precedent for classi- 
fying birds and quadrupeds according as they have long tails or short ones. 
These reasons have led us to retain the classification of Ehrenberg for the 
present, since the advantages afforded by the two newer systems do not seem 
sufficiently great to justify our abandoning the general plan followed in the 
previous editions of this work. At the same time we arc fully alive to its 
imperfections, both in its principles and details. Lcydig’s objection to Ehren- 
berg’s employment of the term lorica is a substantial one, since it is stretching 
the term beyond what is admissible, to apply it to the delicate investing 
membranes of FlosculaAa and Stephanoceros, or to the gelatinous envelope of 
Conochilus, Consequently, though for reasons already advanced we retain 
the subdivisions of the Prussian microscopist, wo extend his definitions of his 
third series of groups : instead of defining them as‘‘ loAcated/^ and “illoricatcd,’' 
we would describe them as ‘‘loricated, or usually provided with a hard 
investing layer,” and ‘‘ illoricated, or unprovided with a hardened investing 
layer.” 

Leydig’s objection, that such animals as Ehrenberg indicates by the terms 
Polytrocha and Zygotrocha have no existence, is ill founded. There is no 
question that the ciliated lobes of the head are divisible and distinct in a 
large number of species ; and being so, they become as good characteristics of 
families as do Leydig’s long or short pincers to the foot. 


FAMIT.Y I.— ICHTHYDIKA. 

Kotatoria with a single continuous rotary^ organ, not cut or lobed at tlie 
margin ; destitute of lorica or indurated integument. In Ptygura and Gle^ 
nophora the >vhccl-like organ is in the form of a circle, and is an instrument 
of locomotion. In the other genera it is long elliptical, and on the ventral 
suiface. Chastonotus and Ichthydium have each a forked foot-like process, 
and the rest of the genera a simple one. A long simple alimcntaiy canal, 
with a long oesophagus, apparently without teeth, occurs in Chcetonotiis and 
lehihydium, Qlenoplwra has a short oesox)h*agus, with two single teeth ; and 
IHygura an elongated stomach and three teeth. Glands arc seen only in 
Chcetonotm and I*tygura. No cocca exist in any of the genera. The male 
reproductive organs, not hitherto discovered ; those of the female consist, in 
Ptygura and Ichthydium, of a large ovarium containing one or more developed 
ova. The two red eyes seen in Glenophora arc supposed by some to indicate 
the existence of a nervous system as yet undiscovered. 

Ehrenberg’s classification of this family will be found in p. 478 of the 
General History. It is probably the weakest which Ehrenberg has esta- 
blished, being admitted neither by Dujardin nor Leydig. Dujardin does not 
recognize the genus Glenophora^ neither does Siebold, whilst Leydig rejects 
both it and Ptygura, regarding them as immature forms of some other 
species. Ptygura especic^y, the latter writer suggests, may bo the young 
Melicerta ringens; but this idea Professor Williamson’s observations have 
shown to be erroneous ; consequently the genus must be retained until its 
immature condition is better established than at present. Dujardin com- 
prehends Ptygura in his family of Melicertiens, whilst he rejects Ichthydium 
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and Chixtonotus from amongst the Rotatoria, believing them to be Polygastric 
Infusoria, — a conclusion with which we are strongly disposed to agree. 

Genus PTYGURA. — Eyes and hair absent ; foot simple, truncated, cylin- 
drical. Body campanulate, oblong. Rotary organ simple, and nearly circular. 
Numerous tooth-like bodies, adhering to the bulb of the oesophagus, two 
glands, a small narrow oesophagus, an elongated stomach, and a subglobular 
rectum (lonstitutc the apparatus of nutrition. An ovarium and a contractile 
vesicle have been observed, but no visual organs. 

This genus is comprehended in the family Melicertiens of Dujardin, along 
with Lacinulariay Tvhicolaria, and Alelicerta, and is made to include the 
species distributed by Ehrcnbcrg in the several genera Ptyguruy (Echtes, and 
ConocMlus ; for Dujardin states that the individuals of these three genera 
present no further difrercncc than is seen in the gelatinous envelope, which 
surrounds the two last, forming in (Ecistes a distinct tube for each individual, 
whilst it includes the individuals of Co7iochlhis in a common globular mass, 
and is absent in Ph/gura. The same author W'otild name (Ecistes crgstallhius 
“ Ptygiira crysta/iina,’* and the Volvo.v conochila “ Ptygura VolvoxP 

Ptygura Melicerta. — Transparent ; the under side. When swimming, a ring- 
body cylindrical, club-shaped, turgid an- like simple vibratile organ is tlirust out, 
teriorly, with two little curved horns at with a lateral nok'h. Tln^ two jaw-like 
the mouth, tmd a single short tube at paits of the cesophageal bulb have nu- 
the neck (?). The tail-like foot alw^avs merous teeth, as represented at xxv. 65r>. 
remains transversely folded (w'rinklctt), 1-110". 
as seen in xxv. 654, which represents 

Genus DASYDYTES (Gosso). — Eyes absent ; body furnished with bristle- 
likc hairs ; tail simple, truncate. 

This genus, according to Ehronberg’s description of Ichthydina, must follow 
after Ptygura, 

Dasydytes gomothnx. — Hairs long, | pencil of long hairs at each angle of the 
each hair bent with an abrupt angle ; i posterior extremity of the body ; head 
neck constricted. 1-14(5". Found at tiirnished with two club-shaped organs 
l^caraington. resembling antemn©. 1-170". 

I). antenniger . — Hair short, downy; a 

Genua ICHTHYDIUM. — Tail cleft or forked, foot-like ; no eyes or hair ; 
currents at the mouth and along the ventral side indicate the existence of a 
vibratile organ, which not only serves for swimming but likewise for creeping. 
A long oesophagus, a thick simple conical alimentary canal, and sometimes a 
large single ovum, comprise our knowdedge of their organization. It is pro- 
bable that a cylinder of little wand -like teeth exists (see Part I. p. 380). 

IcHTHYDiUMPoc?7/ra(C(f?;Tor/aPoc7Mr<i, arched and smooth. The largo dark 
M.). — Straight, oblong, often alightlv ovarium has been seen by Ehrenberg. 
constricted anteriorly, where it is turgid. It seldom swims, but mostly creeps, 
and sometimes three-lobed. It is colour- xxv. 356 exhibits a full-grown animal- 
less or whitish, but during repletion cule (ventral side). Among Confefvss 
sometimes appears yellowish ; the ven- and Oscillatoria). 1-440" to 1-140". 
tral surface is Hat and ciliated, the dorsal 

Genus CHjETONOTUS. — D orsal surface covered with hairs ; tail forked ; 
eyes absent. Locomotion is performed by means of a double row of cilia upon 
the ventral surface, forming a band-liko rotary organ. The nutritive organs 
consist of a tubular mouth, probably provided with a cylinder of teeth, a long 
thin oesophagus, and a long conical stomach {trachclogastricum), upon whose 
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upper thick end (in the large species) two semiglobular glands are seen ; at 
certain periods from one to three large ova are formed posteriorly, but the 
ovarium in Avhich they are developed has not been directly observed ; male 
reproductive organs unknown. They arc sluggish in their movements, except 
in creeping; they rarely swim. (See Part I. p. 380 et seq.y 


CiLasTONOTUs maximm (xxxi. 29, 30). 
—Elongated, slifflitly constricted ante- 
riorly, turgid ana olitusely three-lobed ; 
hail's upon the back shoi't and equal. 
From hia latest observations, Ehrenberg 
states the mouth to possess teeth, of 
which he has counted more than eight ; 
he once saw the exclusion of ova imme- 
diately over the foot-like tail. It creeps 
but sloAvh^ 1-216" to 1-120". (See 
p. 3810 

(J. Lnrm (Triehoda Aenrus^ Anas et 
LarnSf MO- — Elongated, slightly con- 
stneted anteriorly, wliere it is turgid and 
obtusely' triangular; the posterior hair 
on the dorsal surface is longest. Ehren- 


berg has seen only one large ovum ; he 
states that the bodies of those bearing 
ova were thick posteriorly, though, under 
other circumstances, the head is broadest. 
It appears to have eight teeth. The dor- 
sal naira, which are airangtid in longi- 
tudinal rows, destroy the transparency 
of the body. xxv. '357 is a dorsal, and 
358 a side view. Ova one-third the 
length of the body. In muddy water. 
1-720". 

C. brevis. — Ovato-oblong, slightly con- 
stricAcd near the turgid front; dorsal 
hairs few, the posterior longest; ova 
small. 1-340". 


As before stated, Dujardin places this genus, together with Iclithydnim, 
among the Infusoria ( Polygas trica, Ehr.), but in a subclass of them, called 
symmetrical, along mth Coleps and a doubtful genus named Planariola, 
These genera are distinguished by him from all other Infusoria in having a 
symmetncal iigure. 

One species of Ghentonotus described by Dujardin is probably new, although 
it may be, as he remarks, but the C. maxlmus of Ehrenberg. 

The following are its characters : — 


C. squamatus. — Elongate, nan'owed at 
its anterior third, but expanded in its 
posterior half. 1-130" to 1-135". Co- 
vered with short hairs, which are dilated 


in a scale-like form toward the base, and 
regularly imbricated. In long-kept sea- 
water brought from Toulouse. 


Genus SACCULUS (Gosso) (XL. 17, 18).— One eye, frontal ; body desti- 
tute of hair, and 'without a foot ; rotary organ a simple wreath ; alimentary 
canal very large ; jaws set far forward, apparently consisting of two deHcatc 
unequal mallei and a slender incus ; very evanescent ; eggs attached behind 
after deposition. 

This genus comes nearest to Glenophora, but, unlike the latter, has but 
one eye. Party’s genus Ascomorpha appears identical with Sacculus, 


Sacculus viridis. — Pear-shaped ; llat- 
tened ventrally, the anterior end the 
narrower ; head conical-pointed, sur- 
rounded by a wreath of long cilia; di- 
estive canal occupving nearly the whole 
ody, and always nllcd with a substance 
of a rich green hue in masses. 1-150". 
This curious animal, found in consider- 
able number in a little pool on Hamp- 
stead Heath, must be placed in this 


family, according to Ehrenberg’s system ; 
but tire mode of carrying its eggs indi- 
cates an affinity with the Jlrachionoea. 
The Ascotno/pha gemanica of Leydig is 
identical with the above species. 

Mr. Gosse has ascertained that this 
species is dioecious, xl. 17 represents 
a newly-bom male, and 18 a female 'with 
ova attached. 


Genus GLENOPHORA (XXV. 359). — Eyes two, placed anteriorly ; rotary 
organ frontal, circular ; tail bifid, truncated. The alimentary canal is short, 
thick, and conical ; it sometimes contains green matter. The two protruding 
forceps-like bodies in the middle of the rotary organ may, says Ehrenberg, 
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bo considered teeth ; glands are indicated by knot-like turbid bodies. The 
eyes are sharply circumscribed, and situated at the frontal region. Dujardin 
and ticydig believe this genus to bo based on young animals, and as such 
unsatisfactory. 


Glenophoba Trochm, — Ovato-coni- 
cal, truncated and turgid anteriorly, at- 
tenuated posteriorly, with a false foot ; 
the eyes are blackish. It swims quickly, 
like a Trichoda or free Vorticella, The 


genera Monolahis and Microcodon have 
similar forms, (xxv. 359, 360 represent 
two animalcules, the latter having the 
stomach filled with a green substance.) 
1-570". 


FAMILY II.— (ECISTINA. 

Rotatoria with a single rotary organ, entire at the margin, and an ex- 
ternal gelatinous envelope. This family contains only two genera, which 
possess a more developed intci'nal organization than any hitherto described. 
They are further provided, according to Ehrenbcrg, with locomotive organs, 
internal muscular bands, a tail- like foot wdthout terminal pincers ; nutritive 
organs, among which is a crushing apparatus consisting of teeth in rows ; 
two pancreatic glands, and red visual or eye-spots. In Conochilus alone he 
thinks he observed ganglia with nervous fibrilla), male organs, vessels, and 
two filiform tremulous organs or gills. 

This description is of course modified by the views Ehrenbcrg entertains 
respecting the various organs contained in the bodies of these animals. We 
have no evidence that the r/lands are jiancreatic ; the male organs ” are 
the water- vascular canals of other writers, of which the tremulous oi’gans or 
gills are external appendages ; the “ vessels ” are muscular bands ; and the 
ncrv'oiis fibriUie and ganglia have a more than doubtful existence. 


Special for each animalcule Gilcistes. 

External envelope . . . - 

Compound, or common to many animulculcd Conochilus. 


Both the (Ecistes and Conochilus arc included by Lcydig in his first division 
of Rotatorial animals. 


Genus (ECISTES (XXV. «301.-364). — Characterized by each animalcule 
having a separate lorica. The two eyes, situated anteriorly, become effaced 
as jigc advances. Ciliary wreath simple and frontal ; the long tail-like foot 
has internal longitudinal muscles. Alimentary canal simple, tubular, con- 
tracted ; stomach elongated ; teeth attached in ro\vs to two jaw^s situated in 
the ])haryngeal bulb, and two glands, compose the apparatus of nutrition. 
The visual organs are red when the animalcule is young, and colourless in 
old age. The ovarium has only a single ovum. The envelope is a viscid, 
gelatinous, cylindrical sheath {urceolus), into whicli the animalcule can 
entirely with^aw itself, or which it may quit when a new one is desirable. 
The attachment to the bottom of the lorica is by the imdcr surface of the end 
of the foot-hke tail. 


(Ecistes crystallinus, — Lorica hya- 
line, viscid, floccose; body crystjilline. 
The structure it is difliciilt to see. Each 
jaw has three distinct teeth. The de- 
velopment of the young from the egg 
is interesting to obseiwo ; Ehrenbcrg 
saw within the shell two dark points 
(eyes) near the already developed ja>vs ; 


and on giving the egg a gentle pressure 
it burst, and the free young animal 
came forth (xxv. 361, a full-grown ani- 
malcule in the act of unfolding itself; 
362, another with its rotary organ ex- 
panded). Th(iir sheaths are incruated, 
and within may be seen a number of 
eggs (363, 364 represent them attached 
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to the pectinated leave of the water- I pocket magnifier). Len^h, with tail, 
violet, ns they appear under a shallow j 1-J16” ; without, 1-140" ; lorica 1-70". 

Gonus CONOCHILUS (XXV. 3G5-370). — Animalcules social, having con- 
glomerate and contiguous envelopes ; each has two permanent eyes. Only 
one species is known; its descrii^tion, therefore, will include that of tlio 
genus. 

CoNociirnus Fo/rar. — The compoiiml ing thickened and bent. (In the group, 
masses white ; envelope gelatinous, hya- xxv. 305-308, the lorica is not shown.) 
lino, consisting of from ten to forty ani- There are no anterior muscles, but three 
nialcules united so as to form a sphere, pairs of posterior ones, which disappear 
w’liich revolves jn swimming, like the near the rotary organ ; tlu're are also a 
Volvox. The frontal region of the ani- back and two lat(;ral pairs. Several 
malciile is broad, truncated, and sur- transverse bands appear connected with 
rounded with a wreath of cilia, inter- tw'o antiirior, lateral, longitudinal one.*^, 
rupted at the mouth, which is hitenil. which, Khrenbeu’g states, must arise; from 
On the frontal plane arise four thick a netw'ork near the ht‘ad, as in Ilydatina, 
conical papilL-e, often funiished with an These are probably muscular. He has 
articulatea bristle, espt;cially the two also seen tw^o spiral bands, situated pos- 
anterior, as seen in xxv. 366, 366, and t(‘riorly. Two beautiful red visual organs 
368. The tesophagus is short and nar- lie immediately beneath the wreath of 
row ; its head, or bulb, has jaws, witli cilia, and beliind them little oval bodies, 
teeth and four muscles; it lies imme- wdiich he regarded as nervous ganglia, 
<liately within the mouth. The stomach but doubtless erroneously. In the foot- 
and rectum are oval. Two spherical like tail are tw’o large wedge-shaped 
glands arc observed near the oesophagus, glands, probably male organs. These 
and posteriorly an ovarium, often con- creatures will feed upon carmine and 
taining a large ovum, which is exptilled indigo, but are mostly filled with a 
near the base of the tail. The ovab; or golden-coloured food. (xx v. 370 repre- 
sliorily-cyliiidrical body tenii inales in a s(;nt.s a clustt;r of animalcules magmfit*d 
long, thill, and strong" cylindrical foot- about ten dinmeters, of which figs. 306 - 
like tail, the end having a suction-disc. 368 represent a portion highly rnag- 
The gelatinous envelope is only percop- nified ; the first is an under view, tlic 
tible in coloured watc'r, cxcent when two next dorsal view^s, and the last a 
infested with green parasiticiil Monads ; side viciAV. xxv. 369 shows the jaws, 
the animalcules can completely AvithdraAv teeth, and pnrt of the pharyngeal bulb 
thems(;lvcs Avithiii it, their tails becom- separate.) Size 1-00"; sphere 1-0". 


FA:\I ILY 111.-- M eg ALOT llOCH^ a. 

No envelope or lorica. Hot ary organ, Avhich is also that of locomotion, 
simple, incised or flexuose at the margin. Distant muscular bands visible, 
by means of which the shape of the body can be modified. In Megalotrocha 
the alimentary canal is provided Avith two jaAvs, a stomach, tAVo cajca, and 
two glandular appendages. In Mkrocodmx there tire two single-toothed jaws, 
and a simple canal, without distinct stomacjh or caeca. The ovarium in both 
genera developc a foAv large ova, each of which in Megaloiroclxa, Ehrenberg 
affirms, after expression, is retained in connexion with the body by means of 
a thread. Water- vascular canals, with tremulous tags, exist in Megalotrocha ; 
red eye-spots in both genera indicate a nervous system ; and in Megalotrocha 
a radiating body, supposed to be a cerebral ganglion and to form dark glan- 
dular (?) spheres, are seen in the neighbourhood of the mouth. 

Ehrenberg’s divisions of the family arc given at p. 478 of the General 
History. 

The genera contained in this family arc undescribed by Dujardin find 
liCyffig, whilst Siebold only recognizes Megalotrocha, Oyphonautes, instituted 
by Ehrenberg upon two animalcules found in water from the Baltic, Dujardin 



OF TriR FLOSCVI.AttI.EA. 


0()5 

considerB is a doubtful member of the Kotatorial class ; and Leydig suggests 
that it is probably a larva of some ccphalous molhisk. In the propriety of 
excluding it from amongst the Kotatoria we fully concur. Dujardin and 
Leydig also transfer Microcodon to another family, regarding its caudal process 
as being a frcc^ articulate foot rather than a contractile attached peduncle. 
Its affinities are unquestionably with Farculciria, Notommatay and Uydatina^ 
rather than with Megalotroclia, 

Ehrenberg’s description of the ovum oi Merjalotrocha albo-jiavicam con- 
tains some grave errors. He describes the embryo as developing within the 
germinal vesicle, and growing at the expense of the surrounding yelk, as is 
the case with a vertebrate ovum. This is so contrary to what occurs in 
other llotifcra, in which the entire yelk is directly transmitted into the 
embryo, that, merely reasoning from analogy, we should be led to reject it. 
Hut Kblliker has shown that the embryo of MeyahtrocJia is developed in the 
same way as those of other liotifera. 

Genus MICHOCOHOX. — Eye single ; wreath of cilia simple, bent in the 
middle so as to resemble the figure 8 lying transversely ; alimentary canal 
thick and straight, without a stomach ; no oesophageal tube, but a sort of 
pharyngeal bulb and a couple of single-toothed jaws ; also a tiu*gid ovaiium. 
Immediately behind the rotary apparatus is a small red visual organ ; and at 
the frontal region, beside it, is a reddish knot whose function is unknown. 

MicnoconoN 67rtr?/!«. — Campanulate, organ, and arc in connexion with the 
pcdicled, the atyliform foot-liko tail as reddish jaws, (xxxit. 371 is a back, and 
long as the body; in the middle of the fig. 372 a left side view.) 1-280". 
brow are two bundles of stitf bristles ; Perty thinks that the ao-call(?d eye 
two pincer-like points, evidently teeth, consists of two rcul stripes, beneath which 
project out of the middle of the rotary a ribbed body is faintly discernible. 

Genus !MEGALOTHOCHA. — Eyes two, .sometimes becoming effaced by 
age ; rotary organ has two lappets. The nutritive system consists of a 
stomach, ciccum, rectum, and oesophageal head, having two jaws, with teeth, 
and two glands ; reproductive organs, a short knottcnl ovarium, with a few 
ova ; mus(iles, three pair anterior, two pair posterior, longitudinal ; two con- 
tractile muscles for the rotary organ, and four CDsophagcal ; eyes frontal, of 
a rod colour when young ; four circular transverse muscular bands are also 
seen. The nature of four opaque white spherical bodies at the base of the 
rotary organ is unknown. 

Meoalotrociia albo-JUiricans (Vbr- i or five thus attached, and in process 
ticeUa socialiSf M.). — White and free 1 of further development, (xxxii. 374- 
when young ; yellowish, and attached in • 37(1 represent difterent specimens ; 377 
radiating clusters 'when old. Ehrenberg merely the teeth and jaws separate.) 
states he has often perceived the red Upon w’^ater-plants. Size of single ani- 
eyes within the unbroken egg ; and the ! malcule 1-30"; of the spheres 1-0" 
jaws, as if in the act of chewing, move (xxiii. 1). 

laterally and horizontally against each M. vehita (Gosso). — Animals separate ; 

other. Two ova are rarely produced at disc partially enveloped in a cleft, gra- 
one time ; the egg, when expelled from nular integument ; eggs not attacdicd to 
the body, remains attached to it by a the parent after deposition. 1-55". 
thread; and tlui parent has often four 

FAMILY IV.— FLOSCULARI^^A. 

Kotatoria surrounded by a case or envelope, and provided with a single 
rotaiy organ, flexiiosc at its margin and lobed or divided, having from two to 
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six clefts. In some genera the cilia of this organ are quiescent at intervals, 
not vibrating continuously ; the alimentary canal is complex, usually divided 
transversely into several segments, and with various external appendages, 
believed to bo glandular, the proventricular segment, gizzard, or pharyngeal 
bulb furnished with teeth. Lacinidarm has a mouth, oesophagus, pharyngeal 
bulb with teeth, a stomach constricted into three segments, and a short 
intestine ; the lower stomach clothed internally with a very long cilia. 
Melwrta has a similar arrangement, but with only two unequal segments in 
the stomach, both of which arc ciliated interiorly. Two water-vascular 
canals arise from a contractile sac opening into the cloaca, and pass upwards, 
one on each side of the alimentary canal to the head, where, in Lachiularia, 
they ramify into a network ; along their course they have appended to them 
sm^ tags or sacs, each containing a large vibratile cilium. Those have been 
seen in Lacinidaria, Melicerta, and StepJianoceros, In Lacinul^iria, TJmnias, 
and Melicerta, a small lobate mass exists near the mouth, believed by Huxley 
to be a cerebral ganglion. Leydig assigns nervous functions to small bodies 
distributed through Lachiularia ; but these appear to be merely the small 
stellate masses of viscid protoplasm described by Williamson in Melicerta, 
and Leydig in Stephanoc-eros. Eyes exist in all the genera, except Tuhico- 
laria, at some stage of life. In Melicerta and Lacinuhtria they disappear as 
the animal approaches adult life, (xossc says that the same is usually the 
case in Floscularia, but that he has occasionally met with adult specimens in 
which ej’cs were present. Some sj)ecics (if not all) have well-marked fasciculi 
of voluntary muscular fibre, especially running parallel to the long axis of 
the body, which their contraction shortens. Male reproductive organs hitherto 
unobsen^ed. Ecmalo organs an ovisac composed of thin transparent mem- 
brane, distended with granular protoplasm, in which are distributed cells or 
germinal vesicles, each containing a nucleus or germinal spot. In Melicerta 
this ovarium communicates with the cloaca by means of an oviduct. Some 
species produce two classes of eggs, one being probably the true ovum, the 
other an encased gemma or bud. Several species retain the eggs within the 
envelope of the parent until the young are hatched ; others set them free at 
an early stage of embryonic development. 

Ehrenberg’s arrangement of the genera of this family will bo found at 
p. 478 of the General History. 


Eyes present 


Tubicolaria. 


One eye present (when young) 


Stcphanoceros. 


f 


Two eyes 
present 
(when 
young). 


Botary organ two-parted 
• when full-grown 


^Envelope of the single animal- 
cules distinct or separated.. . 

Envelope of the single animal- 
, cules conglomerated 


Rotary organ four-parted wlien full grown 


} 

} 


Limnias. 

Cephalosiphoii. 

Ijacinularia. 

Melicerta. 


^ Rotary organ five- to six-parted when full-grown Floscularia. 


Dujardin has a family of ‘‘ Floscularicns,” which, however, differs much 
from that of Ehrcnbcrg, both in its distinctive characters and in the species 
assigned to it. The French naturalist includes only two genera, viz. Flos^ 
cal aria and Stephanoceros. Contrary to Ehrenberg’s assertion, these two 
genera are stated by Dujardin to be destitute of a rotary organ, and indeed 
of vibratile cilia, and are described as having a campanulate, contractile 



OF THE FLOSCVLAEIJEA. 


667 


body, tapering towards the base so as to form a long pedicle, by which they 
affix themselves to solid bodies. Their mouths are furnished with homy jaws. 
Speaking of their affinities^ he remarks, “ The Elosculariens, like the Meli- 
certiens, also have a certain affinity in fomi with the Vorticclliens and the 
Stentors, and also with the Campanularice among polypes. They live in the 
same way, fixed to water-plants by the pedicle of their campanulate body, the 
margin of which presents five or six lobes, terminated by appendages or cilia, 
without, however, any indication of a vibratile movement. At the bottom of 
this wide opening is situated the mouth, provided with jaws attached to a 
muscular bulb, less frequent and regular in its movements than the other 
Rotatoria. In Floscularia the jaws are simple, and the lobes of the (anterior) 
margin short, but with long radiating cilia ; whilst in Stepkanoceros the jaAvs 
arc compound, and the marginal lobes vciy long and covered with short 
cilia.” Dujardin states further, that the gelatinous case of Floscularia may 
disappear, and therefore cannot be used as a generic distinction, cither in the 
case of that genus or indeed of the other genera included in Ehrenberg’s 
family of the same name. Enteiinining this opinion of the differences of the 
gelatinous envelope being accidental, not constant, Dujardin rejects the genus 
Limnias as not distinct from Lacinularia, whilst he denies that the latter is 
genericaUy distinct from Megalotroclia — a conclusion in Avhich Huxley is dis- 
posed to agree Avitli the French naturalist. Of the remaining genera of 
Ehrenherg’s family Floscularioea, viz. Tuhic^larla, Lacinularia, and Melicerta, 
to which he adds Ftygura, already described, Dujardin constitutes a family 
whhih he terms Mcliccrtiens, In some of these objections there is force. 
Floscularia and Steplianoceros undoubtedly differ from the remaining genera 
in the form assumed by ciliated appendages supposed to represent the trochal 
disk of Melicerta and Lacinularia, Gosse states that in Flosculanna rotation 
is accorai)lished, not by the tufts of long setaj, but by cilia sot on the inner 
surface of the disk, which cause the currents to converge to the mouth of the 
animal ; hence, if the setigerous bulbs of Floscularia and the ciliated arms of 
Stepkanoceros are not the homologues of the true trochal disks of Melicerta, 
the propriety of Ehrenberg’s definitions is seriously impaired. Rut we see 
no reason for rejecting this homology in the case of Stepkanoceros merely 
because the motion of the verticiUate cilia is periodic and interrupted instead 
of continuous : and if Mr. Gosse is correct in liis conception respecting Floscu- 
laria, it is equally entitled to its present place ; for whilst, on the one hand, 
it is not essential to a trochal disk that its moving cilia should be arranged at 
its margin, on the other, these cilia do not exclude the possibility of other 
appendages, such as the pencils of setm in Floscularia, being attached to the 
same organ, though such appendages may have no homologues amongst the 
other Floscularian genera. 

Dujardin’s objection respecting the gelatinous case of Floscularia is probably 
based on error. Mr. Gosse has shown that in some cases it is so thin that it 
might easily be overlooked, without great care being taken to discover it. 

Leydig of course rejects Ehrenberg’s family of Floscularia, arranging the 
animals composing it in his first group, along with (Feistes and Conockilus, 
with which they have unquestionably a very close affinity. 

* The creatures composing this family are undoubtedly among the most 
interesting and beautiful of Infusorial animals. Their developed organiza- 
tion, and singular habits, render them objects of the highest interest, both 
to the naturalist and the physiologist; whilst their exquisitely beautiful 
contour and the magnificent phenomena presented by the trochal cilia when 
in active rotation, never fail to impress even the most careless of observers 
Avith a sense of Avonder and delight. 
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Genus TUBICOLAItIA (XXXII. 379-382). — Figure clavatc, with a 
transparent gelatinous case. Rotary organ deeply fissured on the abdominal 
aspect, and less strongly on the dorsal side, by which it is divided into two 
lappets, each of which is again partially subdivided into two. Ciliary wreath 
double, with a space between the rows. Mouth opening directly into the 
oesophageal bulb, in front of which is a small vesicular organ filled with pale- 
reddish matter. Stomach long, with thick ccUular walls and four glandular 
organs surrounding its upper extremity. Intestine thin and clear, curving 
slightly forward towards tlie anus. Two water- vascular canals extend along 
the body, ai)parently forming a network at the head, and bearing a couple of 
vibratilc tags. Xo contractile vesicle observed at their cloacal extremity. 
Foot, by means of which it adheres to foreign bodies, terminated by a bundle 
of ciHa. Two tentacles extend from the abdominal surface, a little below 
the mouth ; each has a clear fibrous-looking tract along its centre, and is 
terminated by a bundle of setae. Embryo with the gelatinous sheath colour- 
less, but acquiring consistency and a yellowish hue with advancing age. There 
is a small concretionary mass, apparently surrounded by a sac, affirmed by 
some to be urinary, in the body of the embryo. 

Tuiucolakta Najas , — The jaws have with those of the following gtinus ; fig. 
four teeth; and the tactile tubes arc hairy .370 repr(>sc'nts an animalcule within its 
anttiriorly. This animal is described fully case, tlie rotary organ withdrawn ; fig. 
in the account of the g(»mis ; mid xxxii. 380, another extended, and without its 
378-.382 will illustrate it. 381 represents lorica; fig. 382, the (esophagus, with the 
the animals of natural size, txs found at- jaws and teeth separate. 1-30". 
tached to the roots of Lemna i}olyrrliizHj 

Genus STKPTIAXOCEIiOS (XXXTT. 383; XXXVII. 1-4). — Figure 
clavatc, with five long arms at its anterior extremity, surrounded by verticils 
of cilia. 8hcath -svitiiout parallel sides and with strong parallel folds or 
curves ; either ciystallino without any foreign admixture, or sometimes over- 
spread with small linear bodies like small dead Vibrios or Microglenas. It 
apparently is not tubular, but a solid gelatinous mass envelopes the animal 
as high up as the base of the rotary arms. Acetic acid renders it white, and 
nitric acid rendei’s its outline more clear. Beneath the cuticle is a granular 
layer containing nucleated cells. The cilia of the arms appear planted in a 
granular stratum external to the cuticle, from which they arc detached in 
bundles when subjected to slight pressure. A deep iraiisvcrsc fold of the 
integument exists at the base of the rotary organ, and contraction throws the 
peduncle into corresponding folds. B(^twcen the skin and the viscera are 
numerous branching corpuscles resembling cells of connective tissue. These 
cells correspond with what were described by Professor Williamson in Meli~ 
eerta ringens. They look like small globules of ductile protoplasm, and closely 
resemble the ductile bands seen in NoctiJiica miliaris. It is not impossible 
that these may really be some unchanged remains of the protoplasm of the 
ovum, which they closely resemble. Four long muscdcs, contained in sarco- 
lemmata or sheaths, proceed from the foot anteriorly, branching dichotomous] y. 
Alimentary canal composed of a funncl-likc oral cavity, opening into a still 
wider provcntriculus having an intermediate septum and four long bristles 
with hooked extremities, then a globular maxillary bulb, conducting to a 
special stomach, which terminates in a short intestine. The oral cavity is 
lined with fine cilia ;• and the provcntriculus consists of two membranes, not 
in close contact, hut with a narrow intermediate space. The maxillary teetli, 
the lining of the maxillary bulbs, and the (nsophageal bristles resist the 
action of liquor potassae, indicating a chitinous composition. The walls of the 
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stomach have a thick layer of large cells filled with yellow granules or fat- 
corpuscles. Intestine transparent and ciliated internally. A contractile sac 
connected with the cloaca, from which spring two broad water-vascular 
canals, which are lost anteriorly in front of a fatty mass surrounding the 
proventriculus. Ovarium developing but few ova at a time; these, when 
discharged from the ovary, are stHL seen to be enclosed in a membranous 
oviduct, extending from the ovary to the cloaca. No male organ hitherto 
discovered. 

Immediately above the proventriculus is a large collection of hyaline 
vesicles, which evidently open externally by a short duct. A dark granular 
vesicle appears at the posterior end of the body of the embryo, as in Tuhico^ 
laHa bjiA Melicerta , — supposed by some authors, but without sufficient reason, 
to be a urinary concretion. Two eye- specks at the opposite extremity of the 
embryo. Two vibratile spaces also appear simultaneously, the one in front 
of the other. The vibratile action is active within the anterior one, whilst 
witliin the other a few long cilia undulate slowly. 

When the embryo is first distinguishable, and separable from the egg, it 
has a vermiform figure, and is about 124 millimetres in length. The head, 
supporting the eyes, is separated from the body by a constriction ; its margin 
is furnished with numerous cilia, the whole being retractile. Within the 
body and behind the head are several longitudinal stripes of a doubtful 
nature ; and still more posteriorly is a clear sj^acc with some long cilia in 
action, which may represent the alimentary cavity ; the maxillary jaws arc' 
pei’ceptiblc, and the posterior extremity furnished with some cilia. On one 
occasion Leydig met with another form of embryo, which retained the vermi- 
form aspect in its body and foot, but with the former elongated, and termi- 
nated by four arms. Two eye-specks present, and a proboscis in front, with 
two extended tubular processes terminated by cilia. Extremity of the foot 
devoid of cilia. The maxiUaB were fiilly developed ; and, near the sac with 
the dark granular concretions, ciliaiy vibration was disccnniblc. Leydig 
thinks that the dark granules of the sac esctipo into the cloaca, and regards 
them os urinary concretions accumulated in the extremity of the intestine. 
Cohn rejects the idea that they so escai)c ; and wo believe him to be correct 
on this point. The granules are affected by potash, but not by acetic acid. 


Stephanockhos Bichhornii (xxxn. 
383; XXXVII. 1-4). — The case transpa- 
rent, like glass; rotary organ with hve 
lobes or arms, each furnished with fifteen 
verticils of cilia ; these arms act occasion- 
ally as prehensile instruments. As the 
eggs are detained in the case until the 
young are hatched, Elirenborfj erroneously 
considers this creature viviparous. In 


xxxn. 383, the eye and tags an; visible, and 
over the latter wluit Ehreiiberg calls gan- 
glia. The case is discerned with difficulty, 
from it.s very transparent nature, unless 
indigo is mixed with the water. 1-36". 

S. f/lacialh, — Only one specimen seen 
without its stem. The five arms not 
fiu*nished with ciliary whorls, but with 
single bristles. 1-14'". 


The internal organization of Steplmnoceroa is well illustrated in XXXVII. I : 
h is the phaiyngeal bulb, resting upon a proventriculus or crop c, below 
whieh is the maxilhuy bulb d, containing the jaws ; e is the stomach. With 
its large cells ; whilst / is the intestine, terminating at the cloaca ; g is the 
ovary containing ova ; k indicates delicate longitudinal muscles, extending 
down the peduncle; and tt the water- vascular canals with their vibratile 
tags. 

In fig. 2 the detached ovary is represented, consisting; as is usual amongst 
the Rotatoria, of a delicate membranous sac, /, prolonged into an oviduct. 
The contained ova are seen in different stages of development. At a is th(; 
stroma or granular mass, with its genus ; ft is an ovum in the first stage; of 
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fission ; at c the ovum has undergone several repetitions of the yelk-division ; 
and at d is an ovum in which the contour of the embryo is visible. The two 
eye-spots seen at d ; and the so-called dark urinary concretion, seen also in 
embryonic Melicertce and others, at Tc, The- real nature of this last object, 
which is seen only in the embryonic state of these animals, is yet doubtfid. 
Fig. 3 represents a very young Stephanoceros a little after its liberation 
from the ovum ; and fig. 4 another immediately after its liberation from its 
shell. The dorsal aspect of the jaws of the maxillary bulb, according to 
Mr. Gosso, is represented in XL. 27, and the oblique aspect of the incus in 
XL. 28. 


Genus LIMNIAS (XXXII. 388-392; XXXVI. 2). — Eyes two; case 
(urceolus) solitary ; rotary organ two-lobcd when fully grown, being then 
constricted in the middle ; alimentary canal simple, terminating at the base 
of the foot or tad ; stomach, two jaws with teeth, and two glands also 
present. The ova are deposited within the case?, where tliey arc developed ; 
neither male organs nor water- vascular canals discovered ; two risnal organs 
indicate sensation; these in the young animalcules arc red, and are even 
visible within the ovum ; but in old age the colour disappears, and hence 
they are not seen. In the middle of the rotarj' organ, when expanded, arc 
seen four large globules, which Elirenberg erroneously considers ncivous 
ganglia, or brain. 


IjTSi'sw^CerntojdiylU (xxxii. 388-392; 
xxxAU. 2). — Case white at first, after- 
wards brown or blackish; smooth, but, 
being viscid, often covered with extra- 
neous particles ; its connexion with the 
animalcule is a voluntary act of the 
latter; the two red eyes and the jaws 
may bo observed in the ova when de- 
veloped; by giving the latter a gentle 
pressure the shell bursts, xxxii. 389 
exhibits an animalcule just emerged from 
the egg, 392 ; 391 a young specimen, 
with a rotary organ nearly circular, and 
two eyes ; 390 a full-grown specimen, 
mthout its case, fed on indigo — the 


jaws (each of which has three strong 
teeth), the ova, and tho traces of lon- 
gitudinal muscles are seen, the wheel 
18 folded up ; 388 another, within its 
case, having tho lobed rotary organ ex- 

1 landed, (xxxat. 2. is more magnified.) 
i^Wnd upon horn wort (Ceratophyllum) 
and other aquatic plants. Length about 
1-20"; cose 1-40". 

L. annulatm (Bailey). — The case is 
ribbed and semitransparent, and is com- 
posed of a linear series of rings. Found 
in a ditch at Witlingham, near Norwich, 
on duck weed (Brij^itwell) ; and by Dr. 
Bailey near New York, U.S. 


Genus CEPHAL08IPII0N. — Rotary organ bilobed ; eyes two ; sheath 
single ; two frontal horns, including the siphon. 

Ckphalostphon Limnias . — Sheath membranous, annulate. 1-6'" to 1-6'". On 
CeratophyUum. Berlin, July. 


Genus LACINULARIA (XXXVII. 19-25). — Eyes two (in the young 
state); the cases (urccoli) conglomerate, or grown together; rotary organ 
two-lobed when fidl-grown, but nearly circular when young : this organ is 
the- chief instrument of locomotion. Band-liko longitudinal muscles exist 
within tho body. Pharyngeal bulb large, with two jaws, and teeth in rows ; 
(Esophagus short, narrow ; stomach elongated, transversely constricted, and 
with csccal (?) appendages ; short. The ovarium is situate about the middle 
of tho body, and opens, along with the intestine and the contractile sac of 
tho water- vascular canals, into the csecum. Visual organs exist in the young 
state; red in tho developed ovum, but becoming darker as they advance to 
maturity. Globular bodies support the oesophagus on each side ; and below 
the mouth is a small organ, supposed to be the brain. 
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Lacinularia socialis (Vorticella so- 
cials et Jlosculosa, M.) (xxxvii. 19). — 
Envelope ^elatinons^ transparent, in 
which are implanted inimtirous indivi- 
dual animals, that have unitedly thrown 
out the gelatinous secretion in which 
they are imbedded. Body elongated, co- 
nical peduncle (xxxvri. 10 k) truncated 
and forming at its posterior extremity 
a sucker, attaching the animal to the 
foreign object supporting the entire 
group. Trochal disc at the anterior ex- 
tremity of the body, into wliich it is 
drawn when at rest (xxxvii. 19 «), but 
expanding into a horseshoe-shape, wdth 
a double row of cilia round its margin. 
Mouth in the notch of the trochal disk. 
Pharynx leading to a phar^mgoal bulb 
no 6), in which the jaws are planted. 
These are not stirriip-shnped, as described 
by Ehrenberg, but composed of four 
pieces (xxxvii. 20). (Esophagus passing 
through the bulb reaches the first sto- 
mach (19 c), into which two cellular 
appendages, regarded by lilir<mberg as 
ancreatic, open. Ikdow this is a second 
ilation (10 ri), furnished with several 
short cellular ca 2 ca, and still lower a 
third, more globidar segment (10 /?), 
also furaished with external ccdlular 
cfoca, and clothed internally with long 
cilia. From this a short intestine, ac- 
cording to lluxhiy, turns upwards and 
outwards, terminating in a cleft of the 
integument on the same side as the 
mouth. This ^^ntestine” is probably 
the cloaca of other writers. Two water- 
vascular canals (10 ^) arise, one on each 
side of the inteatiiie (cloaca), and ascend 
on opposite sides of the body towards 
the head. They divide opposite the pha- 
ryngeal bulb, each into tlirco branches, 
one of these uniting with its fellow, the 
otheri^ terminating as caeca ; within these 
are distributcjd five pairs of long vibratile 
cilia. Vacuolar thickenings of the in- 
tegument exist in several parts of the 
body. A small ciliated sac is located 
below the mouth, and still lower is a 
small organ believed by Prof. Huxley to 
be the cerebral ganglion. Two eye-spots 
occur on the trochal disc of the young 
animal (xxxvii. 11), but they disappear 
in^ the adult. No male rgoroductive 
organ hitherto discovered. Prof. Hux- 
ley’s description of the female organs, 
and the development of the ova, is as 
follows ; — “ The ovary consists of a pale, 
slightly granular mass, of a transversely 
elongated form (10 A), and somewhat 
bent round the intestine ; it is enclosed 
ill a delicate transparent membrane, 


which is hardly visible in the unaltered 
state, but becomes very obvious by the 
action of acetic acid, which contracts 
the substance of the ovary and throws 
the membrane into 8liai*p folds.” 

Pale clear spaces (xxxvn. 7), which 
sometimes seem to be limited by a distinct 
membrane, are scattered through the 
substance of the ovary ; and in each of 
these a pale circular nucleus is contained. 
The nucleus is more or less opaque, but 
usually contains from one to three clear 
spots. These are the germinal vesicles 
and spots of the future ova. Acetic acid, 
in contracting the pale substance, groups 
it round these vesicles, without, how- 
ever, breaking it up into separate masses. 
It rend(irs the nuclei more evident. 

The ova are developed thus : — One of 
the vesicles increases in size ; and reddisli 
elementary granules appear in the ho- 
mogeneous substance around it. This 
accumulation increases until the ovum 
stands out from the surface of the ovary, 
but invested by its membrane, wliich, as 
the ovum becomes separated, takes the 
plocti of a vitelline a^embrane. 

In the meanwhile the germinal ve- 
sicle has increased in size; and its nu- 
cleus is no longer visible, hi the ovum 
it appc'ars as a clear space ; isolated by 
crushing the ovum, it is a transparent, 
colourless vesicle. The ptjrfect ova are 
oval, about 1-10" in diameter, and are 
extruded by the parent into the gela- 
tinous connecting substance, where they 
undergo their development. 

The changes that take place after ex- 
trusion, or even to some extent within 
the parent, are — 1, the disappearance of 
the gemiinal vesicle (as Huxley judged 
from one or two ova in which he could find 
none) ; 2, the total division of the yelk (as 
described by Kblliker in Meffalotrocha), 
until the embryo is a mere mass of cells 
(xxxvii. 6, 6, 8, 0), from which the va- 
rious organs of the foetus are developed. 

The youngest foetusca are about 1-70" 
in lenfrib- The head abruptly trun- 
cated (xxxvii. 10), and separated by a 
constriction from tlie body. A sudden 
nnn’owing separates the other extremity 
of the body from the peduncle, which is 
exceedingly short, and provided with a 
ciliated cavitv (a sort of sucker) at its 
extremity, "fhe head is nearly circular, 
seen from above, and presents a central 
protuberance, in which tlie eye-spots are 
situated. The margins of this protu- 
berance are provided with long cilia, 
which will become the upper circlet of 
cilia ill the adult. In young Lacimtlartre 
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1-30" in length, the head has become 
triangular (xxxvii. 11), and thus it gm- 
dually takes on the perfect fonn. The 
youngp had previously crept about in the 
gelatinous investment or the parents; 
they now begin to swarm,” unitiujj 
together by their caudal exti*omities, and 
are readily pressed out as free-swimming 
colonies, resembling in this state the 
genus Cmiochilus (Iiuxley). But, besides 
the ova whose devel^ment is thus de- 
scribed, Professor Huxley observed a 
second class, to which he refers as fol- 
lows: — *‘In a fully-gi*own Laeinulnna 
which has produced ova, the ovary, or a 
large portion of it, begins to assume a 
blackish tint (xxxvii. 22); the cells, 
with their nuclei, undergo no change, 
but a deposit of strongly refracting ele- 
mentary granules takes place in the pale 
connecting substance. Every transition 
may bo traced, from the deep black por- 
tions to unaltered spots of the ovarium ; 
and pressure always renders the cells 
with their nuclei visible amongst the 
granules. The investing membrane of the 
ovary becomes sepiumted from the dark 
mass, so as to leave (Space ; and the outer 
surface of the mass inv(jsts itself with 
a thick reddish membrane (xxxvii. 24), 


which is rough, elastic, and reticulated 
from the pi’esence of many minute aper- 
tures. This membrane is soluble in both 
hot nitric acid and caustic potass. The 
nuclei and cells, or rather the clear spaces 
indicating them, are still visible upon 
ressure, and may be readily seen by 
umting the outer coat. By degrees the 
ephippial ovum becomes lighter, until at 
lost its colour is reddish-brown, like that 
of ordinary ova ; but its contente are now 
seen to be divided into two masses, hemi- 
spherical from mutual contact (f. 21). If 
this body be now crushed, it will be found 
that an inner structureless membrane 
exists within the first-stated membrane, 
and sends a partition inw’ards at the line 
of demarcation of the two masses. The 
contents are precisely the same as before, 
viz. nuclei and elementary granules. I 
w’as unable to trace the development of 
these ephippial ova any further.^^ 

Professor Huxley thus indicates his 
belief in the existence of two classes of 
ova in IjacinuhirUij one of which he 
thinks probably requires sexual fecunda- 
tion, whilst the others do not. Cohn 
believes that the bodies usually termtMl 
ova by Huxley and others are not so, 
but internal gemma}. 


Genus MELICEIITA (XXX II. 380, 387 ; XXXVI. 1 ; XXXVII. 12-18)* 
— With a case or envelope ; solitary ; rotary organ simple, with four lobes 
when expanded ; free longitudinal muscles for the contractions of the body ; 
alimentary canal divided into segments, in one of ^\'hich (the ])haiyngcal 
bidb) are complex jaws ; mouth situate at the bottom of the cleft between 
the two larger lobes of the rotary organ ; the orifice of the cloaca near the 
junction of the long pcdunclii witli the body. Male geneintivc organizatitm 
unknown ; believed by Mr. Gosse t«> be ditecions. Eemalc organs a largt? 
ovary filled witli granular protojdasm and germinal vesicles, as in the pre- 
ceding genus, but with a distinct oviduct opening into the cloaca. Two 
water-vascular canals, arising from a conti’actile vesicle, ascend towar(Js the 
head. Two tactile appendages, with setigerous extremities, on each side the 
head. Two eye-spots in the young animal. Nervous system uncertain. 


^Ielicehta r ingens, — Case (xxxvi. 
1 il) conical, granulated, rt^sembliiig a 
honey-comb, of a brownish-red colour; 
it is composed of small lenticular bodies, 
scQreted and deposited by the animalcule ; 
these are agglutinated by a peculiar 
viscid matter, afterwards hardened in 
the water. Into this tube the soft cry- 
.stalline or whitish animalcule can with- 
draw itself; and when its flower-like 
wheel-work (1 a) is expanded, the vibra- 
tile cilia appear to run along the margin of 
this organ ; but, in fact, each single ciliiim 
oidy turns itself upon its base, their aggi'e- 
gate motion causing a little whirlpool in 


the water, directed towards the mouth, 
which is situated in the middle of the two 
large leatlets of the rotary organ; the eyes 
in the young animal are*^ placed near the 
two other bent leailets, which, according 
to Ehrenberg, are analogous to a cleft 
upper lip of the dorsal surface : the djs- 
(rharging orifice is on the same side; and 
therefore the dorsal tail-like portion be- 
comes a ventral member or foot, (xxxii. 
380, an animalcule within its case, having 
the rotary organ contracted ; fig. 387, with 
the troclial disc fully expande(l : the case 
is given in outline only, in order to 
show the internal structure.) On Hcmme 
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and othor aquatic plants. Length ; 
case 1-24" ; egg 1-160". 

The pellets forming the case were 
tliought by Ehreuberg and others to be 
deposited "from the cloacal orifice; but, 
from the careful rescoi'ches of Mr. Gosse, 
this appears to be au error (Tram, 
Mict'osc. Soc. 1861, vol. iii. part. ii. p. 02). 
That observer points out the existence 
of a special rotating organ of a cup-like 
figure (xxxvi. 1 c) (the disc seen above), 
seated immediately above the projecting 
tube. Tliis organ he saw fill and empty 
itself many times in succession, until 
a goodly array of dark pellets were laid " 
down irregularly, the animal eflecting 
their distribution by bending its head 
downward, so as to bring this cup and 
the margin of its shtiath into apposition. 

“ After a certain uumb(3r were dcjposited 
in one part, the animal would siiddenlyr 
turn itself round in its case and deposit 
some in another part. It took from two 
and a half to thriie and a half minutes to 
make and deposit a pellet.” Coloured 
particles in the water “ are hurled round 
the margin of the ciliated disc, until thi^y 
pass off in front through the groat sinus 
netweeu the large petals ; ” and the atoms, 
if few, glide along the facial surface, 
following tne irregularities of the out- 
line with groat precision, dash round the 
projecting (jhin, and lodge themselves 
one after another in the little cup-like | 
receptacle beneath,” in which again they 
are whirled round with great rapidity, 
and prepared into pellets for the building 
lip of the case of the animal. 

'I’ho internal organization of this ani- 
mal has been investigated by Professor 
Williamson. Like Lacimdaria^ the tro- 
chal disc is double at its margin, with 
two rows of rotary cilia, the currents 
created by which are directed to the 
mouth and pass ofi'by the ciliated ^^chin” 
— a small additional lobe above the cili- 
ated cup of Mr. Gosse. On each side of 
the trochal head are two hollow pro- 
cesses or “ calcars ” — the respiratory 
tubes of Ehrenberg, but which are pro- 
bably tactile (xxxvii. 17 il). These ter- 
minate externally in a deltoid body (13), 
from which projects a pencil of straight 
setiB. Along the interior of this tube is 
a delicate muscular band, by which the 
setigerous extremity can be drawn back- 
wards into the tube (14), and the setse 
thus be removed out of danger. The 
alimentary canal much resembles that of 
Lacinuktna, There is a narrow oeso- 
phagus conducting downwards to the 
pharyngeal bulb (figs. 17 e and 23), in 


which are impl^ted the peculiar jaws : 
these are com^n (f. 20), consisting of 
equilateral sets of numerous transverse 
bars, those of each set connected at their 
peripheral extremities by an arcuate lon- 
gitudinal one, and at their inner .exti*e- 
mities by a double broad longitudinal 
one prolonged upwards into a long nar- 
row liaudle or process which meets its 
fellow of the opposite side at a kind of 
hinge-like joint. These jaws work upon 
one another with a crushing motion by 
means of the above joint, — the upper part 
of the alimentary canal, and consequently 
the food swallowed, passing between 
them. Below the pharyngeal bulb is an 
oblong stomach, with cellular parietes 
and lined with cilia. A constriction 
separates this from a lower and more 
spherical portion (17 (/), also cellular 
and lined with still longer cilia. This 
opens into a long cloacm (17 k), which 
turns suddenly upwards to its tenniinal 
outlet (17 i). The interior of the body 
contains numerous frcie muscular bands. 
These are especially distinct in the pe- 
duncle, along the entire length of which 
several of them run, wiiich shorten 
the body in its axial line. Eacjh fascri- 
culus consists of transversely striped or 
voluntary muscular fibre, and is ench)sed 
in a sarcolemna or membranous sheath 
(18). Bilfused through the body of the 
animal, but specially distinct at the up- 
per part of the petfuncle, are numerous 
small masses of viscid granular proto- 
plasmic substance, whicli send slender 
prolongations to each otheu’ mid to the 
suiTounding parts, reminding the ob- 
server of the pseudopodia of the Rhi- 
zopods and the internal threads of 
NocfMuca, 

The water-vascular system consists of 
two canals arising from a small pyrifonn 
contractile vesicle below the stomach, 
and apparently with the cloaca. One 
ascends on each side of the alimentary 
canal towards the head, where they 
branch. Vibratile tags arc conncctea 
with them. 

Professor Williamson describes the 
ovorjr as “ a hollow sac (xxxvii. 23 k), 
consisting of a very thin pellucid mem- 
brane. It is filled i/vdth a viscid granular 
protoplasm of a light grey colour, in 
which are distributed from twenty to 
thirty nuclei, each having a diameter of 
from 1-1200" to 1-1600". Each nucleus 
contains a large nucleolus, varying in 
diameter from 1-1600” to l-36CiO". In 
its normal state the granular protoplasm 
is of a uniform grey colour, flowing 
2 X 
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is ruptured. The nuclei TOiiated neart'st 
the centre of the ovary appear to be 
successively selected for development. 
One of these nearest the surface attracts 
around itself a small portion of tlie gra- 
nular protoplasm, detaching it from tlie 
reuiaining contents of the or^an, though 
in close contact with them. The portion 
thus specially isolated gi*adually enlarges, 
assuming at the same time a darker hue, 
whilst, from its central position, it par- 
tially divides the upper from the lower 
half of the remaining ovarian protoplasm. 
At the same time the central nucleiLS 
sometimes undergoes some slight en- 
largement, and its nucleolus appears to 
become absorbed. The position of this 
nucleus in the centre of the ovum is 
now indi(?ated by an ill-defined trans- 
parent spot ; but on bursting the proto- 
plasmic mass, it is seen to be a small 
spherical cell about 1-1000" in diamciter, 
having very thin pellucid walls and 
scarcely any visible cell-contents. When 
the ovum thus segmented from the ova- 
rian protoplasm has attained its full size 
(xxxvii. 17 o), it becomes invested by a 
thin shell, wliich is apparently a secre- 
tion from its own surfacje.” 

The ovum being now ready for ex- 
pulsion, it is slowly forced down to the 
lower part of the ovary, the stonifu^hs 
being arawn upwards and to one aide in 
order to make way for it. Yielding to 
the pressure produced by the successive 
cxmtractions of the body, the ovum 
sweeps round the inferior border of the 
lower stomach, and, passing through the 
dilated oviduct, enters the cloaca. The 
latter canals become entirely everted, as 
is the case when the excrements are dis- 
charged; and by a sudden contraction 
the ovum is expelled.” 

Professor Williamson minutely de- 
scribes the conversion of the yelk into 
an embryo — the successive segmenta- 
tions of the nucleus and suiTounding 
yelk, until tlie whole becomes a cellular 
mass, as in LacmuIaHa, The first visible 
evidence of life is the production of a 
few moving cilia, especially near the 
future head, followed first by traces of 
the dental apparatus, then by the de- 
velopment of the various organs, in- 
cluding the two eye-spots, soon after 
which the young animal escapes from 
its shell. 

‘‘ Almost immediately after its escape 


from the egg, the young Melicerta 
stretches itself out, and, everting the 
anterior part of its body, unfolds several 
small projecting mamilhe (xxxvii. 16), 
covered wdth large cilia, bv means of 
which it floats freely away, ^he ciliated 
mamillae at this stage of* growth are not 
unlike those seen in Notommata clavu- 
lata, but they soon enlarge and become 
developed into the llabelliform wheel- 
organs of the matured animal.” In this 
stage all the organs of the perfect animal 
are present, showing that the creature 
passes through no larval form, and that it 
IS not identical with the IHytfuraj as Ehr- 
enberg and others have thought. After 
swimming about some time, a dark- 
brown spot disappears from the posterior 
part of the bod}^, followcnl by the eye- 
specks, when, the saino writer adds, ‘‘ the 
animal attaches itsidf by the tail to some 
fixed support, anddevclopes from the skin 
of the posterior portion of its body a thin 
hyaline cylinder, the dilated extremity 
of whicli is attached to the supporting 
object. This structure has already been 
noticed by Dr. Mantell {Thoughts on Ani~ 
malcules), though I have never seen it 
so largely developed as is represented in 
his figures. The young animal, having 
chosen a permanent resting-pace, com- 
mences the foiTuation of its singular 
investing (uise. I have verified Dr. Man- 
tell’s account of the position occupied 
by the first-formed spheres. They oi’e 
aiTuuged in a ring round the middle of 
the body (xxxvii. 15), and are for some 
time unattached to the leaf or stem 
which supports the animal. They appear 
to have some internal connexion with 
the thill membranous (;ylinder. At first 
new additions are injide to both extre- 
mities of the enlarging ring; but the 
jerking constrictions of the animal at 
length force the caudal end of the c^din- 
der down upon the leaf, to which it 
becomes securely cemented by the same 
viscous secretion as causes the little 
spheres to cohere.” “ When the ova are 
discharged from the cloaca, they succes- 
sively fall into the cavity of the tessel- 
lated case, where they undergo develop- 
ment. I have often found as many as 
four in one case in various stages ,of 
progress. It is whilst the eggs are thus 
protected that the young animals burst 
their shells, swimming out at tho free 
extremity of the case as soon as they 
are liberated.” 


Genus FLOSCULARIA (XXXII. 384, 385 ; and woodcuts). — Those crea- 
tures possess when young two eye-spots. Several lobes surround the head. 
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OIK;}! surmounted by a pencil of long setie. Tliosc lobes art* rogaidtid by 
Ehrcnberg as the rotary organ ; but, according to Gosso, the upper surface 
of the central disc fulfils the rotatory functions. Body furnished with a 
long peduncle, by whicli the animal is fixed, and the whole surrounded Ijy 
a thin diaphanous case resembling that seen in the very young Mellcerta, 
From its transparency this can often bo detected only by colouring the 
water with some pigment. Alimentary canal simple, conical. Keproductivc 
system resembling that of Lacinularia. Ova deposited uutliin the ease. 
When viewed from above, the head of the animal resembles an Acimta 

Floscularia prohosddea. — Case cy- the contraction and expansion of the 
lindrical, hysiliiie, gelatinous. Setigerous membrane. The opacity of this lining 
lobes six, Avith short cilia siirrouiiding a lenders it dilHcult to resolve the viscera.” 
ciliated flexible proboscis, Avhich appears “ Fhrenberg speaks of an cesophagoal 
to have an opening at its extremity, head above the jaws; but I can see 
Dnjardiu tliiiiks this proboscis may bo nothing of the kind, and am inclined to 
nothing more thmi one of the ciliated think he may havcj mistaken the ever- 
lobes advanced towards the centre. Body contracting opei dug of the lining ineiii- 
ovate, with a long styliforrn pt;dunclo brane for one.” I'lieso animals are very 
attached to the base of the case ; when fond of Chlamirlomonas ; and when swal- 
extended, the body and part of the foot lowing laige boditjs, such as Nmncul€r^ 
are protruded. Found upon the leaves they contratrt the entire body. Ehr- 
of Ilottonia palustris, Ticngth when Cix- eiiberg has iiumbtu*ed as many as flv(* 
t(*nded 1-18”; case l-fl(3”. ova retaimsd within the diaphanous case 

F. ormita (^Cercuria, M.) (xxxii. 1184, at the .«iamo tiniti. Gosse once counted 
385). — Case or (iuvelope hyaline ; V(‘ry nine. I'hese, as is also the case in Meli- 
thin at its upper extremity ; thicker, and certa^ are gtuiei-ally in dillerent stages 
often with foreign bodies entangled in of development, — in some the piu’- 
it interiorly. It is sometimes very slug- fectly-formed embryo being distinctly 
gish, but aV others moves with (umsider- visible, its moA oinents and its two red 
able activity, often contracting itstdf v^eiy eyes b(*ing very rnanitbst. With a nio- 
quickly within its case, 'fhe setigerous diirati; pressure Fhrenbevg burst the shell, 
lobes, according to Gosse, are not the which, ac(;ording to Gosse, is calcareous : 
true rotatory organs : yet,” he says, the young animal crawled out with a 
there is a rotatory organ — the par- slight vibratory motion ; the cilia were 
tides of floating matter revolving in a short and not very distinct, in the 
perptmdiciilar oval wdlhin the mouth of mature animal the pediimdtj is truncate 
the disc. Ilenc(i I concliidtJ that the at its extnunity. llpon CeraUrphyllum 
rotatory cilia are set on the inner surface and similar plants. J-108”. In xt. 25 
of the disc.” 1 lo further adds : “When the dorsal aspect of the jaws is ropre- 
the ptuicil of united tufts is in process sented, and in 20 their frontal aspect, 
of expansion the hairs have a wavy, Dr. JJobio writes (v/.W.//. Oct. 1840) : 
quivering soi-t of motion, but when ex- “ Khrenberg n'gards the tloscularia de- 
panded they rcniain perfectly motioiil(;8s. sendbed and figured by M. Peltier, as 
The two red eyes seen in the young identical with his JR omiata. Both Du- 
animal ordinarily disappear in the adult ; jardin and Peltier found the rotary organ 
but Mr. Gosse has occasionally met with iive-lobed in the species observed in 
such specimens in which they were still France ; so we must either liold with 

E lainly visible, lie has observ'ed the Pritchard that F. ornata has sometimes 
ody “ to be lined with a yellowish flve, at others six lobes, or consider the 
vnscular'’membrane, which does not ex- five-lobed species a variety of F, ornata, 
tend up to the petals, but terminates at ... .My friend Mr. Ilallet writes me that 
the, neck with a free, very mobile edge, he finds F, ornata with a six-lobed ro- 
foriniiig an irregular opening, the out- tary organ and no process.” 
line of which is constantly changing by 

• The two next species and accompanying remarks are taken from a paper 
by Dr. W. M. Dobie (A, N. H. Oct. 1849). 

F. campanulata. — Case diaphanous, fringed with very long cilia ; body ovate, 
rotary organ with five flattened lobes, without proboscis ; tail long, and tenni- 

2x2 
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nating abruptly in a transparent fila- with five rounded lobes, surrounded by 
nieiit, spreaa out in a kind of sucker extremely long and delicate cilia : a short, 
at the point of attachment. Ijcngth naiTOw, non-ciliated, flexible process 
1-60" when extended. Egg witli two red (comii) is attached to tlie outside of one 
(jye-spotsj contained in a largo ovary, of the lobes. Ji]gg with two red eyo- 
l^ound near Chester, on Ceratojihyllnm spots ; young animal with vibratile cilia 
and Conferv^OD. on the head, and rapidly locomotive. 

F. comuta . — Case short, diimhanous. Length 1-40" wdien extended. In same 
not very distinct ; rotary organ niniisht'd locality as the preceding (see woodcuts). 



Fhscularia cormitay Dobie. 


The lobes of the rotary organ of F. j TiCydig has described a Floscularia 
cornu t a rescunble veiy much those of . under the name of F. nppendiculata 
F. ornatUf but only five exist, while in j (ZHUchHft fur imssenschaftliche Zoologic, 
the other there are six. According to \ July 1854). Mr.Gosse, however, believes 
l'ihrenb(;rg the F, campnnuhta is gro- this to be identical wdth the F, cornuta 
garious, whilst F. cormitn is solitary ; the of Hr. T)obie. 
former is also stronger and is more active 
than the latter. 



OF THE HTDATIN-EA. 


077 


FAMILY V.— HYDATIN^A. 


llloricatcd llotifera, having tho ciliated wreath divided into several lobes 
or subdivisions. 

In many of the genera distinct striated muscles of the voluntary type exist, 
effecting the various movements and altering the form of the body. Tho 
nutritive system usually consists of a simple conical alimentary canal without 
a distinctly separated stomach (Coclogastrica) ; but a pyloric constriction exists 
in Ilydatina, some Notommatcft, and other forms. Notommata clavulata and 
Diglena laciistns have special caeca appended to their stomachs. Variously 
modified cellular appendages, supposed to bo glandular, exist in all the genera. 
The ovarium is mostly ovate and only evolves a few ova at a time. In 
Notommata Mynneleo, N clavulata^ and Diylena lacustris it is very long. In 
all it communicates with the cloaca, by an oviduct of vaiying length. The 
ova vary considerably, and belong to two distinct types, respectively termed 
the summer and winter ova. The former have a smooth shell, and arc gene- 
rally regarded as mere unimpregnated gemmae, like those of Aphides amongst 
insects. The latter are hard, and often spinous, in which form M. Tarpiii 
i-cgards them as constituting the genera Bursella and Erithrinella (?) amongst 
plants. It is amongst the members of this group that many of the interesting 
researches of Daliymple and others have been made, demonstrating the exist- 
ence of dioecious anim.als. Amongst the Ilotifera the male animals of llydathm 
mid Asplanchna are distinct from the females. They are generally character- 
ized by their smaller size and by the absence of digestive organs — indicating 
a brief existence, during which the vis vitas derived from the ovum suffices to 
sustain tho animals in fulfiling their several functions. According to Cohn, 
this absence of an alimentary canal in tho males docs not characterize tho 
male of Notommata parasitica (XXXIX. 8) ; but this is so exceptional to 
all other allied discoveries as to suggest a doubt of its correctness : at 
the same time, we have scarcely crossed tho threshold of tliis inquiiy, and 
want the materials for general conclusions. Water- vascular canals, variously 
modiiied, exist in most of tho Hydatinaja. Tho frequent association of the 
red “ eye-spots'* with a subjacent organ, supposed to be a cerebral ganglion, 
suggests sensational functions ; but no tnie nerves occur. 

Nome species of SyncJiceta arc said to evolve light and contribute to the 
phosphorescence of the sea. Hydathm senta, Diylena catellhiay and Triarthra 
are sometimes so numerous as to render the pools in which they reside milky 
and turbid. 

Ehrenberg’s classification of this family is given at p. 478, Section Soro- 
trocha, Division Polytrocha. 

The first genus (ENTEllOPLEA), established to receive E, liyaUnay hiis 
been shown by Leydig to have no existence, as the above animalcule j^roves 
to be tho male of Hydatlna senta. 


Genus HYDATIXA (XXXII. 304 ; XL. 1, 2).— Eyes absent. The female 
has two’ jaws, consisting of several teeth and a forked foot. Locomotion .is 
eftccted by the compound wheel organ and tho pincer-like foot, acted upon 
by .complex internal muscles. In Hydatlna senta the sexes are distinct, the 
Enteroplea hyallna being the male form. 


Hydatina senta ( Vorticella se^ita, M.) 
(xxxii. 394 ; xl. 1). — Body of the female 
conical, hyaline ; rotary organ consisting 
of a simple external Avreatli of cilia sur- 
rounding the truncate anterior extremity 
of the body, and enclosing at the bact 


part of the head an iiitemipted row of 
tufts of cilia supported on small hemi- 
spherical projections, — the cilia of the 
latter broader and longer than those of 
the external row. Within these is a 
third uninterrupted line of cilia. Neck 
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consii'itrted and thrown into folds or 
wrinkles by transverse lilaineiituus 
muscles, liuntr like hoops within the 
inte^iinient, to which (^ohii believes 
tluMii ntlaclied only by a few interrupted 
points. These miLs(?les were rejjaiThHl by 
Ehreiiberg as vessels. 'J'lie contnictire 
influence of these and similar muscles 
occupying the lower parts of the body is 
antagonized, according to fitjydig, by the 
elasticity of the cuticle, but accrording to 
Cohn by the pressure of the compressed 
fluids of till* body. Longitudinal con- 
traction of the body elleiitid by nume- 
rous muscles proceeding from the head 
backwards to the (rentve of both sides of 
the body and thence to the foot. Khrcn- 
berg counted nine, Avhich number ( Vdm 
regards as correct, 'flic latter observed 
vacuole.s and what appeared to be nucli'i 
in the substance of the muscles, but no 
transverse striae. Two bodies at the base 
of* the toes Idirenberg regarded as muscles 
moving those organs ; but Cohn believes 
them to be glandular, secreting an ad- 
hesive fluid by which the creature at- 
taches itself to other bodies. 

Digestive canal consisting of an oral 
orifice (xl. 1 f/), buccal cavity, pharyn- 
geal bulb ( 1 c), lesopliagus (1 </), stomach 
( Ic), iiitesliiie terminated by a cloaca! 
oriflee at 1 /, and gastric glands. The 
buccal cavity a short passage from the 
mouth (\a) (located on one side of the 
head) to the pharynx (1 c), which is lai’ge; 
and, according to Cohn, a muscular mass 
invests the jaws, which are complex 
and not easily inteipreted, but consist of 
several parallel teeth (xxxvni. .34) ar- 
ranged III two seta and attached to a 
compliciited pyriform organ: respecting 
the details ot their form, authors diller. 
A constricted passjige (1 d) conducts from 
the pharynx to the stoinacb (1 c), which 
is large and oblong ; its walls are saccu- 
lated, or expanded into numerous lateral 
pouches or pockets opening into the 
cavity of the stomach, the whole lin(?d 
by delicate cilia (xn. 4). A naiTow 
pylorus separates this organ from a short 
conical intestine, the n.arrow extremity 
of which terminates at the cloaca (1/), 
opening near the posterior extremity of 
the body on the opposite side to that on 
which the mouth is situated \ two large 
pyriform bodies, supposed to be glan- 
dular, are suspended l)y naiTow peduncles 
on each side of the pharynx. 

Connected with tlie cloaca is a large 
contractile vesicle (1 //), from which 
ascend two water-vasculai* canals (1 1 ), 
convoluted at intervals and giving off I 


small twigs which support tremulous 
tags (XL. 6). Ovarium a large pyiifonn 
sac (1 /i), connected with the cloaca by 
a narrow oviduct ; it consists of a thin 
membrane distended by a granular fluid, 
in which are seen numerous germinal 
spots. A small body, supposed to be a 
cerebral ganglion (lA;), is situated on 
one side of the cesophagus, and is con- 
nected with a small setigerous gi'oove on 
one side of the neck by what Cohn bii- 
lieves to be nervc*H. Mah^ : 33ie l^nte- 
roplea hydatina (xxxii. 80.3 ; XL. 2) of 
Khrenberg has been demonstrated by 
recent researches to be the male of Hy- 
datina souta. Like that of many other 
species it Inis no visible digestive cavity : 
in general form it. closely resembles the 
female, but is mucli smaller. Its repro- 
ductive organs consist of a retractib* 
penis (xji. tLO. eiiclosi'd in a fold of the 
cuticle (tJr/j, the opening of which cor- 
responds witli that of tlic cloaca in the 
female; the base of the penis is sur- 
rounded by a gland (()/;), above which 
is the large oblong testicle containing 
spermatozoa, by the side of which, at its 
lower part, are two small ve8icli?s ((Jc), 
connected with the piriis, and filled with 
numerous large grannies, xl. .3 repre- 
sents an immature ovum of Hydatina 
sentUy and fig. 7 the detached sperma- 
tozoa from the, male animal. 

In most cjises the female fixes itself to 
a spot by it-s foot, and lays several eggs 
upon the same place, one after another, 
by sudden contractions ; sometimes, 
when it is going to lay more eggs, it 
returns to the original spot. In eleven 
hours after the eggs were laid, vibration 
of the anterior cilia was observed, by 
Ehreiiberg, within them ; and in twenty- 
four hours the young escaped from tfie 
shell. Many of the ova are said to have 
a double shell, and leave a bright space 
between the two at one of the extremi- 
tie.s; similar ova are found in other llota- 
toria, having different shapes. In these 
double-shelled ova the young are slowly 
developed. Ehrenbcrg names them last- 
ing eggs, or winter eggs.” x^xn. 394 
represents an animal cohipl e tel v unfolded, 
seen from the ventral suiiiwe. The aiTows 
ill the alimentary canal indii?ate a de- 
cussating or circulating movement of its 
contents, produced by delicate internal 
cilia., and must not be mistaken for the 
motion of Monads. 

11. hrachydactyla. — (Cylindrical, trun- 
cated anteriorly, and suddenly attenu- 
ated at the base of the foot ; claws short. 
On Ilottonia, &c. 1-144". 
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Dujardin would include in the genus Hydathia several Rotatoria distributed 
by Ehrenbcrg among other genera. He says : ‘‘ Notwithstanding the presence 
of a red eye-speck, we must consider as Hydatinae — 1. Notommata tuba ; 
2. N. hrachionus ; 3. N, tripus ; 4. N. davulata,^* and, though doubtfully, N. 
saccigera, for tliis species in form resembles a true F^vcuUxria, ‘‘ The Sgn- 
ch(eUe ( Ehr.), characterized by their stiff setaB or styles, are true Hydatina) 
from their conical or campanulate form, if their jaws are really pectinated ; 

but if not, they will constitute a genus apart The Distemma mammum, 

represented by Ehrenberg with pectinated jaws, and placed as doubtful by 
him in the genus Distemma, characterized by a double eye-8i>eck, appears to 
be a true Ilydathia,^^ 


Genus PLEUROTROCITA (XXXII. 395, 390).— These have no eyes, but 
possess a single tooth in each jaw, and a furcate foot. The rotary organ con- 
sists, not of a simple wreath of cilia, but of cilia distributed in bundles near 
each other, the bundles being planted in muscular cases. In P. gihha there ai*c 
two muscles for moving the foot ; and in all the species the globular (esophageal 
head has four, acting upon two single-toothed jaws (fig. 396) ; (esophagus 
short ; alimentary canal simple, conical, having anteriorly t’wo spherical glands, 
'file anus is at the base of the foot, upon the dorsal surface. The ovary is 
globular. In P, leptura a contractile vesicle is seen. Organs of sensation 
are not satisfactorily known, and the nervous loop in the neck of the Ilydatina 
appears wanting. This genus is not admitted by Dujardin. 


Pli?uuotro(::!Ha gihha, — Truncated 
anteriorly, enlarging from the front to- 
wards th(i base of the foot, where it is 
suddenly attenuated, the toes, or claws, 
short and turgid; near the mouth is a 
beak-like projecjtion, forming an under 
Up. XXXII. ,396 is a right sidti view; 
396 the tee.th and cesophagc'al he«ad dis- 
s('cted out. Found with Ilydatina bra- j 
chyductylu. 1-210". 

P. constricta, — Elongated, (conical, 
he(ul separated by a stricluin^ ; front ob- 
li(pio; toes straight and slender. This 


animalcule is very active and powerful. 
Upon CenilojihyUtim, 1-144". 

v.tepiura , — liody turgid in centre, front 
oblique ; foot slenaer ; toes thin, slightly 
(mrved. Amongst ConfervoB. 1-144". 

P. remdis (Ehr.). — Elongate, slightly 
(!onstricted in front, toc's short, frontal 
portion rather oblicpie, truncate, pim- 
! creatic glands kidimy -shaped (roniform). 
J-240’ .^ Herlin. 

P. truncata (Gosse). — Subc-vliudrical; 
truncate behind above the foot; toes 
short, straight, slender. 1-175". 


Genus FURCULAllIA (XXXIII. 397, 398).— Frontal eye single ; foot 
forked. Rotary organ compound. Longitudinal muscles exist in F, gihha, 
and foot-muscles in three species. The (esophagus is very short, its head has 
two jaws, single-toothed (Monogomphia) in two species, but not in the others ; 
alimentary canal simple (Ckelogastrica), conical, with two ear-like glands ; 
ovary distinct, excej)t in F, gihha, which has only a contractile vesicle. 
V^essels, respiratoiy tubes, gills, &c., are not recognizable. The eye in 
F, Rcinhardtii is placed upon a brain-like mass. 

Du jardin’ has the folloAring remarks on the genus Furcidana : — “ The 
genus Furcularla, one of the most numerous, undoubtedly reejuires to- be 
(livided after new observations, but not according to the number and dis- 
position of the red points, as has been done by J^hrenberg. This author has 
indeed distributed some Systolides, which appear to us to have the closest 
relations in form and mode of living, into eight genera ” (viz. Pleurotrocha, 
Farcidaria, Notommata, Scarklium, Diglena, Distemma, Eosphorus, and 
Theorus) ; “ but many of these arc purely nominal, and require a rigid 
revision. 

‘‘ The following are the principal species to be classed with certainty among 
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the Ftirmlan'ice ; — 1. F, furcata=Dtglena caudata (Ehr.), Dlglena capitata, 
and Furcularia gracilis ; 2. F, marina, of the same size and form as the 
preceding, but manne, and distinguished further by the styles of its tail, 
which arc twice as short, and by its three-toothed but acute jaws, resembling 
a hook ; 3. F, forcipata, placed by Ehrenberg among the Diglence ; 4. F. 
grandis=i Dlglena grandis (Ehr.) ; 5. forjicula, with which must also be 
associated Distemma forjicula ; 6. F, canicula, which Ehrenberg with doubt 
refers to Dlglena ? amnia ; 7. F. najas, to which belong the various Systo- 
lides, more or less like Uydatina in their club-shaped form and articulated 
tail, such as Notommata petromyzon, N. najas, N. gihha, and probably also 
Eosphora najas, E. digitata, and E. elongata (Ehr.). We moreover refer 
provisionally to the genus Furcuianna several other Systolides considerably 
dissimilar in form, some being very long, with two very long styles, of which 
Ehrenberg makes his Notommata longiseta, and N, cequalis, and his genus 
Sea rid him; whilst others have an ovoid, thick body, rounded posteriorly, 
truncate in front, and with a short oblique tail, which Ehrenberg calls 
Notommata myrmeleo and N synnx, 

“ All these FurcularicB, except F, marina, to which F. Reinliardtii of Ehren- 
berg must probably be added, have been found in fresh water ; but it is most 
likely the number of those living in the sea are much more numerous ; and T 
have indeed myself met with three or four distinct species, which I have 
from want of time not yet described.” 


FuiicULAUTA yibha. — Oblong, slightly 
compri^sscd, under side Hat, back convex, 
toes forked, long (styliform), equal to 
half the body ; the eye is placed upon a 
nervous gnnglion over the mouth, clearly 
indicating the doraal surface; the ova- 
rium has generally one large and ripe 
ovum. The movement of this animal- 
cule is somewhat slow. Found in 
green water, tmd amongst Conferva). 
1-09". 

F. Reinhardtil. — Fusiform, truncated 
in front ; foot elongated, cylindrical, and 
shortly furcate at the end ; a slight 
stricture divides the body and head. 
XXXI ii. .397 represents an animal ex- 
tended, and .398 another, contracted ; 
the former is a side (right), the latter a 
back view. Parasitic upon Monopyxis 


(Sertnlarut) qeniculata, in sea-water. 
1 - 120 ". 

F. Forjicula, — Cylindrical, obtusely 
pointed in front, rounded and dentated 
at the base, on the upper side ; the toes 
very long ; the rotary organ appears to 
have two frontal clusters of cilia near 
the eye, and a wheel-like bundle on 
each side. 1-144". 

F. gracilis, — Slender, cylindrical, sud- 
denly attenuated at the base of the 
furcate foot ; toes straight, long, but 
shorter than half the body. The rotary 
organ appears disposed on six muscular 
masses. 

F. area (Gosse). — Cylindrical ; ej’^e 
wanting, or not discernible ; toes slender, 
obtuse. Length, including toes, 1-135". 
Leamington. 


Genus MONOCEllCA (XXXIII. 399-417).— Eye single, seated upon a 
ganglionic mass, ccr\dcal ; foot simple, styliform, resembling a tail. In two 
species the vibratile cilia are distributed into about six bundles, their baiid-likc 
longitudinal muscles and those of the^ foot producing locomotiou ; the sides 
of the oesophageal head are unequal, as also the two jaws, which have^one or 
two teeth ; the oesophageal tube is curved and long, and the simple alimentary 
canal conical, with two ear-like glands anteriorly. An ovary and a con- 
tractile vesicle arc evident. In two species a tube projects from the frontal 
region. 


Monocerca Itattus {Trichoda Raitus, 
JNl. ; Rattidus carinatus, Luj.). — Ovate, 
obong, truncated anteriorly, and un- 
Jirincd; foot styliform, the length of the 
body. This creature swims slowly, in a 


stiff manner ; when stationary it throws 
the styliform foot backwards and for- 
wards. The ovary has a reddish colour ; 
behind it lies a roundish contractile 
vesicle. The foot has a short base, with 
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a cordate internal muscle^ and four un- 
equal briatles. Amongst Confervse, &c. 
1 - 120 ". 

Mdstigocerca carinata is regarded by 
Perty and Dujardin as idontical with 
Monocerca Hattm. Dujardin identifies 
with this an animal he discovered and 
figured (xxxviii. 22), measuring 0*147 
luillim., or with its tail 0*20 millim. 

M. bicdt'ms. — Ovate, oblong, truncated 
ill front, armed with two spines; foot 
stylifomi, a little shorter than the body ; 
the oblique oesopliageal head exhibits 
delicate transverse coiTugatious ; it has 
a bent and a straight jaw, with probably 
tliree teeth in each, (xxxiii. 399, an 
animal seen on its right side; 417 an- 
otherj contracted, and having its rat- 
like tail bent.) 1-72". 

AL. (?) ralga ( VorticcUa vahja^ M.). — 
Small, almost cubical, -with distinct head, 
an elevation on the back, and a conical 
foot unequally forked; the rotai^ organ, 


during contraction, shows four muscular 
sheaths; and the distinct red eye is placed 
upon a less distinct ganglion ; the ceso- 
pnageal head is not evident. 1-288". 

JVI. hrachyura (Gosse). — Form that of 
M. Itattus, but the foot sliort (one-fourtli 
of total length), slightly curved, and 
horizontally fattened ; a large eye in tlui 
occiput, and another small one in the 
breast. Length, including foot, 1-135". 

M. Porcellus , — Thick and plump ; foot 
short, much curved and bent under the 
body, dilated, flattened horizontally, and 
cjirryiim* a smaller spinti beneath it as in 
a sheath ; front and chin each anned 
with a short sharp spine. Length, in- 
cluding foot, 1-110". 

M. slylatn. — Sliort, irregularly oval ; 
foot a nearly straight spine, less than 
one-third of total length ; eye large, red, 
set like a wart on the back of the occi- 
pital sac ; forehead conical, pointed. 
Length, including foot, 1-170". 


Genus NOTOMMATA (XXXIII. 416-421 ; XXXVI. 3-6 ; XXXVII. 
27-32 ; XXXVIII. 26 ; XXXTX. 8, 9). — ^Theso have, according to Ehrcnberg, 
a single eye upon the nock, and a bisulcatc foot, resembling a forked ttiil. 
Tile rotary organ compound, its cilia forming bundles on the frontal region. 
Eight of the larger species have numerous muscles. Of Elirenberg’s s])ecics 
eighteen or nineteen have two jaws, each furnished with a single tooth ; in 
eight the jaws have many teeth. The oesophagus is mostly short, with a 
simple wddc conical alimentary canal (Ccelogastrica) ; in N. tuba only is there 
a stomach-like division, with a constriction (Gastcrodela) ; and in N. Myr~ 
meleo, N. SgrinsCy and N. clnvalata there is also a stomach-liko enlarged 
place, but no constriction (Gastcrodela) : coecal appendages are observed only 
in N. clavulata. The two ear-like anterior appendages of the alimentary 
canal, regarded by Ehrcnberg as pancreatic glands, exist in twenty-four 
species. N, Syrinx alone was observed by Ehrcnberg to contain fully- 
developed ova. The water-vascular system is represented in ten species by 
delicate tubes, with flexible and tremulous gills ; only three of the smaller 
species have gills. In N. Myrmeleo and N. Syrinx a broad vascular network 
is distinct about the head. A prominent tactile tube in the neck is present 
in four or five species ; in some others an opening alone is seen. The visual 
point is red, except in N. Felis, where it is colourless ; a ganglion is placed 
beneath the eye in twenty-six species. In N, Copeus and N. centrara the 
brain (?) is three-lobed, and placed over the oesophageal head ; in the rest it 
consists of one or more nciwous ganglia, situated amongst the ciliaiy muscles 
of the frontal region. This genus is especially remarkable for the parasitical 
habits of its members. They live upon other llotatoria, upon the Tolygafcftric 
Infusoria, and even within the globular masses of Volvox Olohator ; ‘‘ but,’’ 
says Ehrenberg, “ not like a cuckoo’s egg in a hedgesparrow’s nest, but like 
the bear and the bee-hive, or a bird’s nest in a wasp’s nest.” 

Dujardin has the following criticisms on this genus ; — “ Five of the species 
appejir to be Hyclatlnoe\ nine others, more or less distinct, are, in our opinion, 
Farcalarice ; three others Plagiognathi ; some arc imperfectly known ; and 
only six, at most, offer sufficiently precise characters to retain the name 
Folommata. Such arc, 1. N. copensy 2. N. cent r lira y 3. N, brachyotay 4. N. 
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collarhy 5. N, aurita, and 6. N. ansataJ* To these species must be added 
a seventh, called by Ehrenberg Gycloglena Lupus, and an eighth, which we 
distinguish as Notommata vermicufaris. 

All the best observers agree that the genus Notommata requires division, 
being a very defective one, and containing the elements of several genera ; 
but all the species now composing it must be subjected to a very careful and 
individual examination before such a division can be made. Until this is 
accomplished wo retain the genus as adopted by Ehrenberg, observing that 
the analysis of Ehrenberg’s views respecting it, as given in a preceding page, 
will ultimately require many modifications. Some species have already been 
carefully investigated by Gosse, Perty, and Leydig. 


a. Suhgenus Labidodon.- 

Notommata Mynneleo. — Body large, 
bi‘ll-sliaped ; foot short, lateral; teeth 
cui \ ed ill a circular fovceps-like manner 
(xxxiii. 420). There are two varieties : 
in tlie one (var. a lung thin oesopha- 
gus, a globular thick stomach, and along 
recluin constitute the aliment ary organs, 
kihrenberg, by pressure, made an ani- 
malcule, whose dark stomach nearly 
filled the body, disgorge two large spe- 
cimens of Lynceua mhmtMS (desenbed 
and figured in the Mivroscoj^ic Cahhwt ) ; 
the animalcule afterwards vibrated away 
in a lively manner. Five transverse mus- 
cular bands and four longitudinal ones 
(a pair uniting to ea<*h of the first two 
transverse onesj represent a muscular 
system in this variidy. In the other 
(var. 6), a distinct muscular network is 
.seen at the head, but only four trans- 
verse bands and two longitudinal ones 
going to the first. The red eye is much 
larger in this variety, (xxxiir. 418, a 
side view of the varied}'^ h : to exhibit its 
organization, a small CrustaA^oan is shown 
within it.s stomach. Fig. 420, the man- 
ducatory orgaii.«i s(‘paiated ; fig. 410, tin; 
upper part of an animalcule, var. a, .show- 
ing the smaller (;ye, rotary organ.s, teeth, 
and network.) Found in clear water, in 
turf- hollows. 1-40". 

Notommata Mynneho, var. mnlticeps, 
af;coiding to Leydig, pre.stnits the follow- 
ing features : — The foot, which on a pro- 
file view appears given olF from a lateral 
8urfa(;e, projects from the abdominal 
one; The rotary organ not con.si.sting 
of separate portions, but forming a con- 
tiiiuoas wreath, which descends towards 
the mouth, fonning an apparent fissure. 
On the free surface are four un.symme- 
trical lobes bearing larger setiform cilia. 
Cuticle soft and thin, slightly acted on 
by acid, which renders it clearer ; sub- 
jacent layer granular and homogeneous. 
Maxillary head very large. ^Esophagus 
long, thin, folded loiigitutinally. Stomach 


— One tooth in each jaw. 

round, with ciliated cells : no rectum 
beyond the stomach, Ehrenberg btdnjr 
in eiTor on this point; dt^bris rejectea 
by the mouth. A respiratory canal pro- 
ceeds from t;iw;h side tlie contractile sac 
towards the head, being much convo- 
luted and enveloped with cell-like cor- 
pu.scl(‘s ; a second smaller pair folio w.s 
a similar course, joining the larger 
near the maxillary bulb. 4’he smaller 
have not granular walls, but support 
niiinerou.s tags, which are absent Irom 
the largcir (uinals. Two bands proceed 
backwards from the cerebral ganglion to 
a (rouple of fo.ssic on the dorsal surface, 
furnished with a bundle of seta;. Eye- 
speck dark-red or black. Ovary present- 
ing two horns, forming an organ like a 
horse.shoe, the ovidiud opening at the 
base of the tail. Winter ova spherical, 
bristly, with a light cortical layer con- 
taining clear ve.sich*s. 

N. Syrinx. — Large, bell-shaped ; lateral 
foot scarcely visible ; teeth curved and 
bifid at the points. This species is very 
similar to the former, and only distin- 
guished from it by its .small foot and 
by the .spaces within the cilia-cliistcu* 
rmouth) being conv(?x, not concave. 
Found 111 a turf-poed. 1-40". 

N. hypUqtm. — ^Ilell-shapcAl, nearly glo- 
bular, rather large; foot slightly pro- 
minent at the middle, teeth small ; vibra- 
tile organ composed of four or five 
muscular bundles ; cesophagiis very short. 

N. parasita (xxxix. 0). — SinaB, oval ; 
foot short, teeth small ; rotary appnrntu.s 
three or four lobes ; cesophageol head 
globose; cesophagus short; alimeiitafy 
canal stout, simple, usually filled wdth 
green matter. This curious animalcule 
lives in the globes of Volvox Olobator, 
where it deposits its eggs, which are 
therein hatched; and when of proper 
age, the creatures eat their way out 
through the hollow sphere. tSummer 
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ova large.' smooth : 'winter ova spinous. 
1-40". 

According to Cohn, the male of this 
.species (xxxix. 8 ) is a small Rotifer 
1-20"' in length. Body short and saci- 
ciilar ; two short toes, usually retracted ; 
head distinguished by a slight excava- 
tion, and with an ear-like lappet on 
either side ; rotary orgiui furnished w'ith 
some stout uneini, in addition to the 
line cilia; pharynx tiyliiidrical, contain- 
ing two scalpel-like teeth, which can be 
e\l(inded beyond the mouth; stomach 
si‘parated from the intestine by a con- 
sti iction. A contractile vesicle above the 
iV)ot, but water-canals scarcely visible. 
A cerebral ganglion, resembling a long 
sac, within the head, and bearing a red 
i-pock at its anterior extremity. Males 
suid females usually existing in the same 
Vvhox. We have considerable doubts 
re.sjxicding the colTectIu^ss of the above 
.'iccoiint, since it dillcrs so widely from 
what has elsewhere been observed 
amongst such male animals as have 
hith(*rto beeji discovered amongst the 
Itotifera-. absence of a complete 

alimeiitary canal has hithcirto character- 
i/eJ all male Rotifera. ('I'he f(.*male is 
rimresentod after C’ohn in xxxix. 9.) 

petromyzon. — Elongated, attenu- 
atetl at both ends; mouth and rotary 
tn*gan lateral. Ehreidjcrg says, in May 
18d5 he found one in a Volvox (Slohatory 
whoso gemmiferous mas.scs it ('ats like 
N. parnmfica. The eggs are often de- 
posited on l^pistylvs. 1-180" to 1-144". 

N. hu'inuUUa (Vorticeliu auricuiafa et 
arvinulata^ M.). — iSmall, conical, trun- 
cated and slightly lohed in front ; teeth 
extended, often linciispid. Alimentary 
ean.al, according to laiydig, (dearly siypa- 
rahle into a grei'nish yellow stomach 
and a clear inte.stiiio. d’his species is 
very active. Found with Chlamuiomomts 
l\dtnsci(hts in clear water, also in water- 
tubs. 1-280". 

N. forcipata. — Small, elongated ; toes 
long, and often crossed ; eye very large. 
14 1 e vibratile organ appt'ars sometimes 
lik(i a simple wreath. Amongst Eeninie. 
Very common in Switzevlaml, according 
to Fcrty, but with a small red cye-speck 
instead of a largo pale one, as descrihed 
by l^hninberg. 1 - 180 ". 

* N. col/arts. — Elongated, large, gradu- 
allv attenuated at both ends ; neck tur- 
gid; toes short. It swims slowly, the 
vibratile organ being small in conipa rison 
with the body. 1-48”. 

N. JFrrnccht. — Elongated, gradually 
atti'iiuated at both end.s; toes .-diort. it 


has two setttj near the mouth. This 
animalcule rc^senibles N. collari% but is 
smaller, and lives in the cluh-like ex- 
crescences of Vaucheria as an eiitoph yto. 
1-90". 

N. Nnjas. — Conical, cylindrical, .stout, 
truncated in front ; no "auricles. It re- 
sembles llydatina seiita and Eosphora 
Najaa ; it is distinguished from the lii>t 
by its (ieiwieal eye, from the latter by the 
want of frontal eves. Among.st Lemme. 
1 - 120 ". 

N. aurita (xxxvi. 3-0). — Bescribod by 
Mr. Gosse as eylindrical, but fre(iueutly 
P 3 riform. Ileaci obliquely truncate, bcjlly 
nearly straight, posterior extremity pro- 
duct d into a retractile foot (xxxvi. 4 /j) 
with two pointed toc‘s, which organ, 
being aiiUirior to the cloaca, is not a 
tail. All oval mark on tiicli side of 
the head, from which the uniinal can 
siidilenlv project a seniiglohular lobe 
by evolution of the integument (xxxvi. 
4<«), each lobe fringed with cilia, foriii- 
iiig a locomotive organ; fringe of cilia 
extending across the front of llie face 
as far os the constnetion of the neck. 
Maxillary bulb or gizzard (4 h) large, 
oval, nearer the ventral than the dorsal 
side, having imbedded within it a pair 
of complex jaws (xxxvi. 0 *). A duct 
lead.s from the maxillary bulb to the 
continuation of the alimentary canal, 
which is wide, siibcylindrical, tapering 
towards the anus, not divided by any 
con.striction, but at once stomacli and 
intestine ; walls thick, probably cellular. 
Cloaca b(?tAveen the projecting point 
(xxxvi. 3) and the foot. Ovary larger, 
occupying the ventral region ; some- 
times long and (dear, containing trans- 
parent globules (4 /), at others gra- 
nulated (xxxvi. 3). A large developed 
egg (4o) oft(in occupying a great por- 
tion of the abdominal cavity. Eggs large, 
covered with short flexible spiiuvs. ^lale 
unknown. Water-vascular system con- 
sisting of two sets of toRuous ve.ssel.s, 
commencing at the cloaca (0 a) and 
terminating at the head, and bearing 
tremidoiia tags. Parallel with the aiso- 
phageal bulb, but n(?aror tlie doival. sur- 
face, is a large lobulated subgloboso 
mass of douse matter (4 < 7 ), while by 
refloct(?d light, but opaque and hence 
appearing black by transmitted light, 
occupying the bottom of a dtep cyliii- 
driem sac, A tube runs through the 
centi*e of this sac towards the rotarv 
oiTran, “on which it opens, or at hast 
impinges" (TA?vdig). As this opaque 
mass siqiports the eyc-.spot, Gosse re- 
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^arcls it as cerebral. Muscular system 
complex (xxxvi. 6, 6). Six or seven 
muscles ore circular and transverse 
(6 i) ; otliem, arranged longitudinally 
(5/), are attached to various inteniiu 
viscera and to the integument. Some go 
to the occipital sac, others to the gizzam 
and to the foot, effecting various motions 
in nil those organs. Gosse observes, '‘It 
coiiimonly keeps the ear-like lobes con- 
cealed whilst crawling, but will often 
suddenly protrude them, and in the same 
instant shoot off through the water with 
considerable rapidity and with a smooth 
gliding motion, partially revolving on 
the longitudinal axis as it proceeds.** 

l^eydig observes that the alimentary 
canal consists of two portions — stomach 
and intestine. 1-70". Amongst Con- 
feiTie, &c. j also beneath ice. (xxxt'i. 
a-7.) 

N. ijibhtu — ^Back swollen, front trun- 
cated, not auricled, no ctjrebral saccnli 
below the eye ; toes short ; the vibratile 
organs compound. In old exposed in- 
fusions. 1-200". 

N. amata ( VortMla auritn, M.). — 
Turgid in the middle, suddenly trun- 
cated at both ends ; the front auricled, 
no cerebral sacculi below the eye ; toes 


thick. In bog-water, amongst Confervas. 
1 - 120 ". 

N. decipims. — Cylindrical, not au- 
ricled; toes short; the ovarium often 
contains four large eggs. Perty thinks 
this is only the young of some other 
species. 1-180". 

N. (?) Felis. — Small, slender ; one horn 
in front ; eye colourless ; back attenu- 
ated posteriorly, and forked. 1-240”. 

N. (?) I'iyris {Triyoda Tiyrisy M.) 
(xxxiii. 421). — Cylindrical, curved, foot 
half the length of the body ; toes very 
long, and curved downwai’ds; it has a 
little horn in front ; the eye is large and 
red. Perty has found many examples 
without the red eye. Amongst Oscil- 
latoriae. 1-72". 

N. hnyiseta (Vorticella Imif/isetaj M.). 
— Cylindrical, truncated anteriorly ; toes 
styliform, unequal, and two to four times 
longer than the body. It is active, and 
frequently leaps, being assisted by its 
long claws, which resemble tails. Pig. 
421 is a full-grown specimen. Entire 
length l-(50". 

N. mpialis (^Vorticella lo7iyiseta, JM.). 
— Cylindrical, obtuse in front ; toes sty- 
liforin, equal the length of tlie body. 
1 - 120 ". 


b. Suhgemw Ctknodon, 

N. clavulata, — Bell-shaped ; foot coni- 
cal, very short; pancreatic glands of a 
club-ahtme. This creature presents great 
facility lor observing its intenial struc- 
ture ; but the limits of this work preclude 
details. Mr. Gosse kindly informs us 
that he has distinctly seen in it a nor- 
mal intestine temiinating in the cloaca. 
1-90". 

N. Tuba, — Conical, trumpet-shaped, 
dilated anteriorly ; foot furcate and 
acute. It resembles, in form, Stentor 
MiUlerij but is more active. 1-120". 

N. Brachionus. — JJilated, nearly square, 
depressed, foot slender, eggs pendulous. 
This creature appears to have a shell, 
but Dr. E. says it has not. Ehrenberg 
diiscribed his JV! yranularis as depositing 
its eggs upon N. BrachionuSy whence he 
coiicjudcd that the former, like the 
cuckoo, left its young to be reared by 
another creature. He found that some of 
the eggs on the dorsal surface of N. Bra- 
cJiionus produced N. granulat'is. Leydig 
solves the mystery by alGmiing that the 
latter species is the male of the former, 
the animal in this case being bisexual, 
not hennaphrodite. 1-96". 

N. tripua, — Oval, subtruncated, and 
.slightly auricled in front. Dark red cye- 


. — Jaws many -toothed, 
speck with throe chalky iimsses, giving 
the organ a trilobed appearance. Foot 
apparently trifid, but not really so, the 
central lobe being only the prolonged 
back of the animal. 1-200". 

N. suedyera. — Elongated, cylindrical, 
attenuated posteriorly ; fork short. It 
has a curious internal pouch beneath the 
eye, with a group ot rounded ve.sicles 
in front of the stomach, recalling, as 
I*erty observes, the prtjtended agglome- 
ration of eyes in 2'heortis. 

N. Copem. — Large, attenuated at both 
ends; tail small and indurated. This 
curious creature has a long bristle on 
each side of its body ; and on each side 
of the head a stout process, cjilled by 
Ehrenberg an auricle, fringed with vibra- 
tile cilia at its ends, and, like the setio, 
standing out at right angles to the 'body ; 
a thick gelatinous substance covers the 
body; the back terminates in a somcr 
what hard point, which is a true tail, 
between which and the foot the dis- 
charging opening is situated. When 
creeping, the large vibratile arms are 
withdrawn, but it vibrates with the 
frontal cilia and proboscis, (xxxiii. 416 
represents the creature extended.) 1-36". 

W. centrura (xxxviii. 26). — Body largo, 
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attenuated at both ends. Usually sur- eye obscure^ ovate, large ; jaw with one 
rounded bv a broad gelatinous sheath, tooth. 1-144". Berlin. lias the fonu 
either hyaline or filled with small aci- of Pleurotrocha, 

cular bodies. According to Ehrenberg, N. (Duj.]). — Vermiform, 

in this sheath vegetate threads of Hy- very contractile ; of variable form, witii 
drocrods ; but these could not be found a kidney-shaped red speck (xxxviii. 
by Leydig. Sheath wanting in young in which is partly imbedded a white 
specimens. Cuticle thick, soluble in transparent globule. 1-118", Found in 
caustic potass. Behind the middle of the Seine. 

the body, on each side, is a small conical N. tardiyrada (Leydig) would be re- 
eminence fxxxviii. 266), surmounted by ferable to the genus (Buj.), had 

a bunch of long set®. Rotary organ pe- not its author made the absence of cilia 
culiar, differing from Ehrenberg’s repre- from the head a generic character. Fi- 
sentation. Anterior ciliated extremity gure vermiform, rounded in front, pro- 
small compared with the size of the longed behind into a short biuncinate 
animal ; ventral portion (fig. 26 d) pro- foot. Mouth a long fissure on the under 
longed in the form of a half canal or side of the h(*ad, which is clothed with 
groove, constituting a kind of under lip. short and dtdicate cilia, the only part of 
At the base of this is the mouth, com- the head so furnished. Maxillary bulb 
niiinicating with the maxillary bulb and capable of being protruded. Dental ap- 
(i;sophagus, and opening into a stomach pamtus recalling to mind that of Echinus, 
with walla compo.sed of largo cells (fig. (Esophagus long, resembling that of N, 
26/), beyond which is a restriction centrum. Stomach long, yellow, with- 
separating it from the rectum (fig. 26 g). out cilia on the free surfaces of its 
Throi^ sac-like organs (fig. 26 1, c) on the parietal cells. Intestine short and clear, 
hinder border of the brain (fig. 20 k) : opening at the base of the foot on the 
the centre one composed of clear vesicles abdominal surface. Contractile sac vi- 
(fig. 20 c), the outer two apparently sible, giving oif titices of two water- 
sometimes continuous with the cerebitu canals, but without vibratile tags. Above 
ganglion. They are granular, nucleated, the maxillary bulb the sacculus cere- 
and apparent with some inorganic mat- bralis ” of Ehrenberg, white by reflected 
t(*r, which is white by reflected and dark and black by transmitted light, and 
by transmitted light. Ovary (fig. 20 o) soluble in liyuor potass<B. 
transversal; Forty saw only winter ova N. roseola (Forty). — Body of a pale 
in it. (xxxra. 25 exhibits a small por- ro.sy red, elongated, rounded in front, 
tion of the ovary in which an ovum is Rotary organ fomiing a cylindrical pro- 
forming, — a being the geiminal spot, 6 a cess on each side of the head. Cohn 
clear space siuTOunding it, and c the suggest that the animal may be identical 
yelk-substance, xxxviii. 11. represents with his Lindia tonilosa. 
a small portion of the wat(;r-vascular N. onisdformis (Perty). — ^Body broad 
canal with its tags, and fig. 12 the ter- like an Oniscus, with a round lappet on 
inination of a tag with its contained each side of the head. Jaws strong, 
cilium.) many-toothed; tail flat, rather long. 

N. hmchyota. — Small, slightly attenu- Entire anterior extremity capable of 
ated towards the ends ; no tail, auricles being retracted. An ear-like lappet on 
very small ; it has two dark spots near each side of the head, between wliich 
the" eye ; foot forked. 1-120". are seen the vibratile cilia. No fdimen- 

^'Pleurotrocha. — Slender, cylindrical, tary canal seen beyond tJie maxillary 
not auricled : foot with very short toes ; bulb. Amongst Conferva) and ('harm. 

Genus SYNCHiETA (XXXIII. 422). — Eye single, cervical ; rotary organ 
of six to ten lobes, and armed with from two to four styles ; foot furdate. 
The strong styles, or bristles, arc situated between the clusters of cilia, and 
probably act as tactile organs ; the body is very sliort, broad anteriorly, and 
tapers to a point posteriorly, or is conical. Internal longitudinal muscles 
exist in all the species ; those of the foot ai’e seen in three species ; the oeso- 
phageal head is large, with single-toothed jaws ; but in two species only is the 
whole chewing apparatus distinctly seen. The thin oesophagus is long in two 
species, short in the rest; it leads to a simple, wide, conical alimentary 
canal, which has two roundish, or, in one species, conical pancreatic glands. 
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The ovary is rolled up like a ball ; contractile vesicles exist in three, and 
glands in two species; transverse bands (four to ten) are visible in two 
species, and probably a respiratory tube in S, pectinata and S, tremnla, a 
tremulous gill being also present in the former. The principal nervous matter 
is a knotty mass surrounding the head of the cesophagus ; and in the middle 
of it is a large, roundish, red eye. In S. pectinata three pair of ganglia and 
strong nerves are also said to bo seen ; but this is doubtful. Abdominal fluid 
of a reddish-yellow colour. (For remarks on the genus, see IIydatixa, p. 677.) 


SYNciiiETA pectinata. — Short, conical, 
with two styles and two crest-like horns 
anteriorly. “ Are these horns,” asks 
Ehrcmberg, “respiratory tubes, as in 
Polyarthraf and in Anurtsa ?” The live- 
lint^ss and uiiifoim transparency of this 
animalcule render it diflicult to distin- 
guish its various organs. The styles 
mise from the muscle of the oesophageal 
head, and appear asif belonging to simple- 
toothed jaws. Eye blue. Egg-)'elk con- 
taining heaps of red fat-globules, (xxxiii. 
422, a dorsal view showing its organiza- 
tion.) Amongst Confervm. 1-120". 

S. Baltica. — Ovate ; rotary clusters 
and styles, four each ; cre^st single, sessile. 
This creature is supposed to occasion 
phosphort^jcent light in the ocean. In 
two samples of water received bv J<Jiren- 
berg at Ilerlin, from Kiel, tin? luminuus 
propeu’ty existed; but this specit's, though 
present, did not evolve any light. Mi- 
I'haelis, howev(?r, has noticed the produc- 


tion of light from this Synchecta, as did 
llaker a century ago. Jilirenberg thinks 
it takes place only when developing ova. 

S. ohUynga. — Oblong, with six rotary 
clusters, and four styles ; crest sessile and 
single. Distinguished from the follow- 
ing b}' the fonn of the pancreatic glands. 
Amongst Oonfeme in spring. Length 
about 1-100". 

S. tremula ( Vorticclla fremulaf M.). — 
Body truly conical, with six rotary clus- 
ters, four styles ; crest none ; granules of 
yelk dark coloured. Length about 1-160". 
Mr. Oosse thinks this maybe a dioecious 
species. 

8. mordax (Oosse). — Body conical, 
.subventricose; toes minute; auricles large, 
pendent; principal styles four, the larger 
(or lateral) pair sonnjtimes branched ; eye 
rather small, bnlliant ; two pairs of pib- 
trusilo snapping jaws. 1-72". 


Oenus SCAllIDIUM (XXXIII. 423). — E}^^ cervical, single, flat, lenticular, 
the compound rotary organ armed in front with an nncinus or hooked bristle ; 
foot forked, very long, and adapted for leaping or springing — hence the name. 
(Esophageal head oblique, with unecpial, double-pointed (single) teeth to the 
jaws ; oesoidiagus short, narrow, opening into a simple, wide, conical alimen- 
tary canal ; supjioscd glands spherical, two. Posteriorly, above the intestine, 
are a ball-like ovary and a contractile vesicle. The foot has two club-shaped 
muscles ; and its apparent articulations arc very remarkable. A central gan- 
glion exists botvvocn the rotary lobes. Muscles with transverse striae. Shell 
of the ovum (winter ovum ?) clothed at both ends with scattered hairs. 


ScARiDiUM lonyicauda {Triclioda lonyi- 
cauda, M.). — Foot twice as long as the 
body, toes half as long as the foot ; the 
animal springs or leaps quickly, by a 
rapid movement of the foot ; it does not 
app(Vir to have a lorica, and is distin- 
guished from all other Rotatoria by the 
length and bending-in of the foot, wnich, 
as also the body, is covered with a stiif 


skin. Behind the eye is a transverse 
fold in the nock, whore the head draws 
itself into the body ; the foot has also a 
transverse fold wlnm it bends, (xxxiii. 
423, the animalcule extended, right side ; 
fig. 424 the oesophageal head, with un- 
equal jaws, &c., extended bv pressure.) 
Amongst Oscillatorise. Entire length of 
the body 1-72"; without the foot, 1-216". 


Genus POLYARTHRA (XXXIII. 400-402 ; XXXVIII. 30).— Eye single, 
cervical ; foot absent ; provided with cirri, or pectoral fins. The rotary organ 
consists of four bundles of cilia, inserted in as many muscular sheaths ; they 
sometimes appear like the double rotary organ of a BracMonus. The form 
of the body resembles Anurcca ; but it is soft, and the rotary organ double. 
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Laterally there arc two long^itudinal dorsal muscles ; the frontal region has 
little horns, provided with bristles; and upon the breast are six strong styles, 
or barbs, forming two clusters, which move in a fin-like manner. The coso- 
phageal head has two single-toothed jaws; oesophagus short; alimentary 
canal with a stomach-like division, produced by a constriction ; supposed 
pancreatic glands, two. An ovary exists in both species, and in one of them 
a contractile vesicle ; a largo frontal ganglion and a round red eye indicate 
the system of sensation. 

The preceding genera of this family, together with two peculiar to himself, 
viz. Plagiognatha and TAndia^ form, in the system of Dujardin, the family 
Flosculariens ; but the genus Polyarthra and a few others in this family of 
Ehrenberg belong to the BracMoniens of that author. 

From the remarks of the French naturalist, it is to bo inferred that he 
regards the distinction between Polyarthra and Triarthra as insufficient. 


PoLYAnTHRA phtyptem (xxxviii. 30, 
also XXXIII. 400-402 & 42«)). — Ciliary 
wreath, according to Porty, not as de- 
scribed by Ehrenberg and jDiijardin, but 
(continuous and symmetrical, with two 
(‘ininemres crenvdod by setae, besides 
which are several long stylifoi-m (iilia. 
Near the posterior end of the body are 
two foss® with unsymmetricallyarranged 
set® extending from tlumi. Alimentary 
canal consisting of a conical oesophageal 
bulb, stomn(‘h, and intestine. Stomach- 
cells ciliated ; contracjtile sac presemt, 
but no water-vasculiw aystimi seen ; lon- 
gitudinal muscles striat(Hl; abdominal 
fluid yellowiah-r(‘d ; ovary somewhat bi- 
comate ; yelk of ovum with largo reddish 


fat-globiihis. No winter ova seen. Em- 
bryo with bluish spots. Ova adhering to 
the (exterior of the bodv ; only one seen 
at a time (Leydig). ft swims quickly, 
and often leaps, like the water- flea : this 
last motion is produced by the fins or 
pinn®, the former by the ^ ibratile organa. 
(Figs. 400, 401, & 425 represent the P. 
Tnffld of authors; but Loyaig has decided 
that it is identical with P. plaiyptera. 
Fig. 425 the under side while the ani- 
malcule is swimming, with the pinna) 
d(*prcssed ; fig. 400 a dorsal view while 
leaping or springing; and fig. 401 a side 
view, right.) This creature is infested 
with Vohctunu Amongst Confervto. 
1-140". 


Genus DIG LENA (?). — Eyes two, frontal ; foot forked. Excepting the 
foot and rotary organ, they have no external prominent organ, though some 
protrude the teeth in a pinccr-like manner. The oesophageal bulb has single- 
toothed jaws ; the oesojjhagus is very short, except in D. lacustris ; alimcntaiy 
canal conical, simple, in six, and constricted in two species. In all, two 
glands are present, which in D, lamMris arc long cylindrical and two- 
horned ; in the rest they are spherical. The ovary in J). lacustris is band- 
liko, in the others globose. Contractile vesicles are observed in four species. 
No spechvs is viviparous ; none cany their egg hanging to tlicm ; transverse 
musculai’ bands arc seen in three, and in one a vascular network at the head ; 
tremulous tags are found in three species, in two of which they appear as if 
attached to the watcr-vascnlar-canal glands. The cerebral ganglion is more 
especially developed in D, lacustris, but is indicated in all tlie species by the 
coloured eyes. 


Digi.kna lacustris, — Stout, oval, ciy- 
stallino; the front straightly truncated; 
foot suddenly attenuated, in length one- 
fourth of the body; the toes one-third 
the length of the foot. The transparency 
of this animalcule is often a great hin- 
drance'^ to the discrimination of its internal 
organs, though thev are very large ; the 
superficial skin is d(?licately sliagreened. 
(xxxiii. 403 a side view, left, of this in- 


teresting animnhuile, with a Lvneeus — 
see Microscopic Cahinct, pi. vii. — in its 
stomacli ; its curious internal organiza- 
tion is clearly depicted. Often found in 
green-coloured water.) 1-70". 

p. yrandis. — T^ong, slender, and cylin- 
drical, obliquely truncated anh^ricirly ; 
toes straight, longer than the stout foot. 
The forked central sacculua, near the 
head, is remarkable, (xxxiii. 404 an ex- 
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tended animalcule, right side; xxxiu. rapidly developed by genial weather, 
405 another, contracted, with the jaws cause a milky tiu'bidity in the water, 
pushed out.) 1-120" to 1-72". 1-360". 

D. forcipata {VorOcella vet'micidarisj D. conura, — Ovate-oblong, straightly 
Cercaria forcipata et E. venniculariSj M.) truncated in front, and gradually attenu- 
(XL. 24). — Cylindrical, slender, obliquely ated to a conical foot. Amongst Oscilla- 
truncated anteriorly ; toes decurved, and toriae. 1-144”. 

longer than the stout foot. 1-110”. jy.capUata, — Oblong, conical, obliquely 

D. (?) aurita ( VoriiceU-a Canicula j M.). truncated and dilated in front ; toes long, 
— Cylindrical, slender ; front straightly -v^dthout apparent base, or foot. Feeds 
truncated, auricled ; foot suddenly con- upon Chtamydommias and Navicula, 
stric ted, toes small. The tremulous organ 1-300”. 

obser\'ed by Corti was merely the vibra- D. caudata ( Vorticetta furcata, M.). — 
tile lining membrane of the anterior por- Elongated, conical, obliquely truncated 
tion of the alimentary canal. Amongst anteriorly, but not dilated ; foot distinct, 
ConfervsB. 1-160". ^ short ; toes long. In green water. 1-200”. 

D. cateUina (Cercaria cateUinaj Vorti-‘ D. (?) biraphis (Gosse). — Oblong, the 
cella Larvttf M.). — Oblong, short, ends head and abdomen gently swelling ; toes 
truncated ; foot short, and inferior. The long, slender, straight,* and perfectly 
small size of this animalcule is unfavour- even in thickness ; eyes placed close to- 
able for observing its internal organiza- gether,frontally; jaws pro trusile; alimon- 
tion. It is found at all seasons of the tary canal very large, projecting behind 
year in open water, and in in^ions ana above the gizzard, always filled with 
covered with a green pellicle, which is green matter. Length, including toes, 
often filled with its eggsj these, when 1-110”. 

Genus TEIAllTHKA (XXXIII. 406-408).— Eyes two, frontal; foot 
simple, stylifoi-m ; breast-fins two. Beside the rotary organ, internal band- 
like muscles are observ ed, and two bristles, or fins, which assist in leaping, 
ns in Polyarthra, The oesophageal bulb has two double-toothed jaws, as in 
Rotifer ; the oesophagus is long in one species, short in the other ; alimentary 
canal simple, conical or constricted, with two spherical glands. An ovary 
and contractile vesicles are seen ; the eggs, when expelled, remain attached 
by threads. The nervous system is indicated by the two red eyes, placed 
upon ganglia. Both species often produce a milky, turbid appearance in the 
water, when developed in masses. A third species is now added. 

T. lonyiseta {Trichodaj M.). — Eyes when the animal is swimming j 406 a side 
distant ; tlie ciiri or beards, and the foot, (right) view of a full-grown spccinien — 
are nearly three times the length of the the styles are advanced, preparatory to 
body. Inis species is distinguished from leaping.) Found with Hydatina senta 
the following one by the greater length and Bruchionm urceolaris, ticngth, witli- 
of cirri ; by larger eyes, further removed out cirrhi, 1-140”. 

from each other ; by a distinct stomach, T. mystacina {Rrachionmpassttsj M.). — 
with a constriction septmiting it from Eyes close together; two anterior ciiri, 
the long portion of the alimentary canal ; or bristles ; foot nearly double the length 
and, lastly, by its long oesophageal tube, of the body ; jaws very soft. 1-210". 
It is readily distinguished by its leaping In water-tubs. 

movement whilst swimming, (xxxiii. T. hreviseta (Gosse). — Cylindrical ; 
408, a young animal emerging from the pectoral and caudal spines each about 
egg, the dm or styles being, as yet, soft ; one-fifth of total length, and veiy ^hinder. 
40/, back view of a young specimen — it Length, including foot, 1-185". Learning- 
shows the great separation of the eyes and ton. 
the styles, in the position they occupy 

Genus EATTULUS (XXXIII. 409). — Eyes two, frontal; foot simple, 
styliform ; no cirri or beard. The organization at present discovered com- 
prdiends several undefined rotary muscles, an oesophageal head, without di- 
stinct teeth or oesophageal tube, a simple conical alimentary canal, with two 
round glands, an ovary, and the eyes. 



OP THE HYDATnr^. 


0S9 


This genus {Rattulus^ or Ratulus) was established by Tiamarek ; but the 
animals included in it by him were referred by Ehrenberg to two genera, 
Mastigocerca and MoiMcerca, and the term Rattidus conferred upon an animal 
placed among Cercariae, and called by Muller TricJioda Imiaris, The Mas- 
tigocerm mri}iata (Ehr.),” observes Dujardin^ is described as loricated, and 
enters into the family Euchlanidota; and Mmioeerca Rnttvs, without lorica, is 
placed among the Hydatinma; but the beings described under these two 
appellations represent but a single species, Matulus .... Tlie Monocerca 
hicomis of Ehrenberg would seem to be a distinct species, by reason of the 
liorns with which it is armed in front.’' 

Rattitltts kmaris (Trichoda lunaris, In tiiify pools. 1-288”. 

M.). — Small; eyes remote from the R. carinntm (T)iij.) (xxxviii. 22) =3 
frontal margin ; foot decurved, lunate. Momcerca liattus. 

No teeth are seen (xxxni. group 409), 

Genus DISTEMMA. — ^Eyes two, cervical ; foot forked ; rotary organ com- 
poimd. The oesophageal head supports, in three species, jaws, with two teeth 
each ; in one species with more than two ; (esophagus short ; alimentary 
canal simple, conical, with two spherical glands. An ovary, and in Z). (?) 
marinum glands and a contractile vesicle are seen. No satisfactoiy details 
of a water- vascular system are ascertained ; the eyes are red, except in one 
species, in which they are colourless, and in all, except 2). marinum, they are 
situated behind the head of the oesophagus ; in that one they are anterior, 
but below the rotaiy organ. The eggs are never attached to the parent, nor 
are they developed in large masses. 

Dtstemma Forjirida. — Cylindrico- 
conical ; eyes red ; toes thick, recurved 
and dentate at the base. The (\vc8 are 
placed at the end of a long cylindrical 
nervous ganglion ; the rotary organ con- 
sists of four parts, xxxirr. 411 is a side 
(loft) view, and fig. 410 shows the jaws 
extended for seizing prey. Pevty be- 
lieves this to be identical with Ftrcn- 
htria ForJi<^ula^ having hut a single eye, 

1 - 120 ”. 

1 ). setigerum. — Ovato-oblong ; 03 ’es 

Genus TRIOPHTHALIMUS (XXXIII. 412-414).— Eyes three, cervical, 
sessile, in a row ; foot forked ; rotary organ compound. It -has a large oeso- 
phageal head, with two (single- toothed ?) jaws, a long thin oesophagus, a 
globose stomach-like protuberance, with two oval glands, and a thin intes- 
tine ; two muscles move the foot. Several small tags seen in T. dorsalis, 

TnioPiiTHAT.MUS dorsalis . — Body cry- N. Mgrmdeo. ( xxxtti . 412, dorsal side of 
stalline, turgid : central eye largest ; foot an animalcule ex tended as it appears 
suddenl;^ attenuated, its length half that when swimming and vibrating ; fig. 418 
of the body. This species, in form, re- one in the act of unfolding itself, aiid 
sembles Notoinmata ansata, but in size fig. 414 another contracted.) 1-40”, 

Genus EOSPHORA (XXXIII. 415). — Eyes, according to Ehrenberg, 
sessile, three — two frontal, one cervical ; foot forked. The rotary organ is 
composed of numerous muscular portions. An oDso])hagcal head, provided 
with two single- toothed jaws, a short oesophagus, a simple conical alimentary 
canal, with two ovate glands anteriorly, an ovary, somewhat extended, and 
a contractile vesicle, are also discoverable. Transverse bands are observable 

2 Y 


red ; toes setaceous and decurved, 
1-216”. 

1 ). (?) Ovaf o-coiiical ; eyes 

red, close together ; foot long ; toes thick, 
the length of tb(5 foot ; jaws man^*- 
toothod. In sea- water. 1-144”. 

B. (?) forripalum. — Ovato-oblong ; 
eyes colourless; foot short, with stout 
toes. If the two colourless vesicles are 
not eyes, it must be placed in the genus 
Pleurotroeha, 1-288”. 
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in two species, and tags in the third. Beside the three red-coloured C 3 "es, a 
cerebral ganglion is seen. Distinctly striated longitudinal muscles are seen 
in all. 

According to Loydig, what Ehrenberg has regarded as two frontal eyes 
have no claim to the name. Should this statement bo confirmed, it would 
become necessary to unite Eosphora with Notommata, 


Eosphora Najas. — Conical, transpa- 
rent, not auricled ; toes much shorter 
than the foot, (xxxni. 416, an animalcidc 
fi)d upon indigo.) Amongst Confervae. 
1 - 12 ". 

E. digitata, — Conical, hyaline, not au- 


ricled; toes a third the length of the 
foot. Amongst Confervje. 1-96". 

E. ehngata , — Elongated, almost fusi- 
form, not auricled, firont trimcated ; toes 
short. 1-72". 


Genus OTOGLENA. — Eyes three, one being sessile and cervical, the others 
pcdicled and frontal ; foot furcated. This large animalcule, the solo repre- 
sentative of this genus, has considerable resemblance to Notowmata Myrmeleo 
or N, claviilata. Four lateral longitudinal muscles, six moving the rotary 
organ, and two muscles of the foot are present ; a toothless, and apparently 
jawless, oesophageal canal leads to a somewhat thickened stomach, ending in 
a very thin intestinal canal. An ovary and contiactile vesicles are observcMl. 
A vascular network at the neck represents a water-vascular system. An oval 
cerebral ganglion, Avith two dark appendages, and a red eye, together with 
two little hom-like or auricular frontal protuberances bearing two visual 
points, represent the nervous system. Tliis genus has not been figured. 

Otoglena paptllosa. — Boll-shaped, [ with Volvox Glohator and Notommata 
turgid, scabrous with papillas. Found | Myrmeleo, 1-00". 


Genus CYCLOGENA (XXXIY. 425, 426). — ^Ej^es numerous (more than 
three), conglomerate at the neck ; foot furcate. The vibratilc organ is com- 
pound, and, with the internal muscles of the foot, sen^s for locomotion. The 
oesophageal head has two single- toothed (perhaps three-toothed) jaws ; oeso- 
phagus very short; alimentary canal conical, simple, with two roundish 
glands. An ovary and a contractile vesicle are also present. Transverse 
circular muscles, and six pair of tremulous organs attached to the water- 
vascular canals, exist. A purse-shaped dark (colourless) body in the nock, 
connected by a narrow process to a large frontal ganglion, containing from 
six to twelve red points, of Avhich the anterior one is most marked, possibly 
indicates a system of sensation. 


Cyclogena Lupus (^Cercaria Lupus, 
M.). — Ovato-oblong, or conical, not 
auricled ; foot terminal, and short, 
(xxxiv. 426* a back view, 426 a 


side view.) 1-120". 

C. (^ elegans . — Ovate, not auricled; 
foot inferior ; toes long. 1-190". 


Genus THEOEUS (XXXIV. 427-429). — Eyes numerous (more than 
three), disposed in two groups at the neck ; foot furcate. A compound rotaiy 
okgan, together with two muscles of tlio foot, an oesophageal head, ^dth two 
ono-toothed jaws, a short oesophagus, a simple conical alimentary canal, with 
two glands, a ball-like ovarium, and a double group of colourless cervical 
ej^es, are the details of the organization at present known. The frontal 
imcinus, or hook, is perhaps a re 82 )iratory tube. Perty doubts if Ehrenberg 
is correct in his interpretation of the supposed agglomeration of the eyes in 
Theorus, 

THEonrs vernalis. — Toes small ; no 1 creature is active and vehement, like that 
frontal uncinus. The movement of this I of an animal of prey, (xxxiv, 427, a back 
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view of this aniinalculG extended, with 
six colourless eyes in each ^oup ; 428, a 
specimen with four eyes ; 429, body con- 
tmctcd, but jaws extended.) Amongst 
Oscillatorise. 1-140". 


T. uncinatus. — Toes long, a frontal 
uncinus, or hook, present. Six visual 
points have been seen by Ehrenberg, 
Amongst Oscillatoriflo. 1-240'' 


The two next genera nientioned are from Mr. Gosse, who, however, adduces 
the latter one as a doubtful member of the present family. 


Genus ASPLANCHNA (Gosse, A. N. H. 1850, vol. vi.) (XII. 65, 66 ; 
XXXVI. 7-9; XXXVII. 27-y2).— Eotatorial Hydatimca destitute of foot, 
iut(istine and anus, but possessing eyes (ocelli) and jaws ; sexes disjoined. 

This new genus embraces the llotatorial animal which Mr. firightwcll 
introduced to notice as “ a supposed new species of Notommata ” {Fauna 
Infusoria, Norfolk, 1849), and in which ho first detected the existence 
of male animals distinct in organization and character from the female. 
It was soon perceived that the new forms represented by ^Ir. Bright- 
well could not belong to the genus Notommata of Ehrenberg ; and the 
discoveiy of other similar beings has led to the (jreation of this genus 
AsplancJuut. 


Asplanciina BrujhiweUiu — .Taws 
(mandibles) one-tootluid ; eye single ; 
stomach oval, longitudinal; vesicle lobed, 
larger; tremulous corpuscles (gills, Ehr.) 
aftixcid to a long filament; ovary two- 
horned. Length about 1-24". (xii. 65. 
00.) Males with jaws, pharynx, and 
stomac.h absent ; body truncate. Length 
about 1-10". Found at Norwich, Lea- 
mington, Hampstead Heath, &c. 

Mr. Ilrightwell’s account is embraced 
in the following extracts : — 

It (the femah^) is furnished with an 
ovisac^ in which the young may bo clearly 
detected, and from "which they are (»x- 

S clled through the sides of the animal. 

OHIO of tlic young appear to dilUjr in 
form from the oth(;rs, and thi^re appcju* 
to be two kinds of ova, — one, and that 
by far the gri'ater number, transparent, 
and hatched in the body of the parent ; 
the other, more opacpie, perhaps remain- 
ing unhatched, or deposited till vivified 
under favourable circiimsiances in some 
ensuing st^ason. Should this, on further 
investigation, turn out to he the case, 
wo sliall have, among the Ilotifera, the 
same mode of proser\dng the ova dining 
the winter as is found in some of the 
Entomostraca, the DapImifC for instance.” 

“ These [tlie males] are smaller than 
th^ females, and have a pyriform sac 
below, from which there is an opening, 
and which is filled with spermatozoa; 
and they have neither jaws, nor gullet, 
nor stomach ; and it would seem they 
are designed, as is the case with the 
males of some inseots, to continue the 
race and then to perish .... I have lately 


repeatedly seen the male in connexion 
with the female. He attaches himsidf 
to her side by his spcim-tnbe, and ri?- 
mains attached from twenty to seventy 
seconds.” 

For a more complete description of 
these very interesting forms wo may 
refer the reader to the elaborate details 
and figures of their organization, by Mr. 
Dalryniplo, in the Philosophical TraHs- 
actions for 1840, and to J’art I. p. 455 
ct scq. of this volume. 

Notommata Anylica of I-icydig appears 
to he only Mr. Gosse’s Asplanchnn Bright- 
tvcllii. 

A. priodonta (Gosse). — Females ; Jaws 
serrated ; eyes tliree ; stomach hemi- 
spherical, transvi'i’se ; vesicle sphericfil, 
smaller ; tremulous bodies attached to a 
twisted and plicate filament ; ovary suh- 
globose (xxxvi. 9 ; xxxviii. 28). Length 
about 1-48''. Males : Body acute (xxxvi. 
7y 8). 1-110". Found in the Serpentine 
river. (Figs. 10, 11 oxliibit the jaws of 
the female detaclied.) 

A. Sieholdii {Notommata Sieholdii, Ley- 
dig) (xxxvii. 27-52).- -Females closely 
resemble those of dig’s N. Anglica, 
but the males difi’er widely. Female 
cainpanuhito, no foot ; anterior extre- 
mity widened ; (uliary wreath iiiter- 
rimted by a fissure at the mouth, into 
which the fine cilia descrend ; two large 
lobes (32 g) on the rotary organ, crowded 
by setae, with two similar smaller ones ; 
between these, on each side, is a fossa 
with long motionless setae. Mouth open- 
ing into an angular maxillary bulb. 
Jaws (xxxvii. 31) with one furcate piece 
2 Y 2 
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hooked nt the end ; on the inside is an 
aculeate process and a ridge to which 
strong striated muscles, working the 
jaws, are attached. QOsophagus long, 
its lower end highly muscular ; two 
spherical glands open into the roimd 
yellowish-brown stomach (32 b ) ; intes- 
tine absent. Walls of the c6ntnu*.tile 
vesicle (32 <?), which open into the 
cloaca, with a muscular network. Two 
water-vascular canals on each side, one 
with granular walls, the other wider and 
with about fifty tags (81 & 32). Cere- 
bral ganglion laid across the maxillary 
bidb, with a dark-red or black speck 
above and behind it in the median 
line. Cells of the ganglion, according 
to Leydig, fusiform, and prolonged into 
iKirvous cords. A nerve is said to pro- 
ceed from each side^ to the setigerous 
fossa of the rotary organ, where it swells 
out like a ganglion ; another nerve, from 
its posterior surface, divides to supply the 
smaller eminences on the rotary organ ; 
and another , pair from the same sur- 
fiujo supply the smaller eminences : but 
we think these supposed nerv es require 
re-examination. Ovary horseshoo-shaped 
(32 c). Slalo and female young never si- 
multaneously generated within the same 


parent. Winter eggs (xxxvii. 27, 28) 
sphencal, usually one or two, never more 
than three ; yelk yeUowish-red, invested 
by a thin membrane, which in turn is 
sun‘ounded by a thick granular tuber- 
culated shell, the latter rendered pale 
by potash, which partly obliterates the 
tubercles. On keeping specimens in pure 
water without nourishment, all the eggs 
deposited were winter ova. Males differ 
in figure (fig. 29) from females: clavate, 
with four conical arms ; the two anterior 
ones (29 «) the smallest. When swim- 
ming, which it does on its back, these 
arms are shortened. Rotary, muscular, 
and nervous structures as in the females. 
Pyriform testicle (29 c) next the con- 
tractile sac, filled with spermatozoa, 
amongst which are round vesicles, nu- 
cleated fusiform bodies (30 b, c), curved, 
nucleated, sickle-shaped objects (30 a), 
and stiff’ sharply-defined roi-like bodies 
(30 f ). Duct on the abdominal surface 
at the end of the body, and suiTounded 
by what look like accessory glands. 
Alimentary canal absent ; the mdimen- 
tary digestive organs represented by an 
iiTCgular heap of cells behind the pos- 
terior anus. Young males bom alive. 


Genus TAPHROCAMPA (Gosse). — Rotary organ wanting, body fusiform, 
jinnulose ; tail forked ; gizzard oval ; mallei incurved, shorter than the incus, 
winch is also inoitrved. 


Taptirocampa annulosa, — Occipital 
mass opaque, white ; alimentary canal 
simple, wide, cylindrical j points of tail 
short, conical. 1-110". 

This species is evidently allied to M. 
Diijardin’s Lindia torulosa, but differs 
from it in the stmclure of the. dental 
apparatus, and of the digestive canal. 


It seems to connect the genus Chatto^ 
notm wdth the Hydatinaean genera No- 
tommata and Furmlaria ; for it has tho 
jaws of these larviform Rotifera, and 
the glandular occipital mass found in 
some of them, with the form, simple 
digestive canal, and manners of Clxusto- 
notm. Found at Leamington. 


We will append here two genera of the family Furcularicns of Dujardin, 
which that naturalist has created either to embrace ne’w species or to dispose 
of those described by Ehrcnbcrg which Dujardin cannot include with other 
of his genera. Likewise, before commencing with the next family (Euchla- 
nidota of Ehrcnbcrg), wo shall take the opportunity to detail the charactcra 
o^a family discovered and named by Dujardin, viz, Albertiens. ^ 

Genus PLAGIOGNATHA (Duj.). — Body oblong, curved and convex on 
one side, or cornet-shaped and obliquely truncate in front ; terminated pos- 
teriorly by a more or less distinct tail, bearing two styles. Jaws with parallel 
branches turned the same way, and recurved towards tho ciliated margin with 
a straight central stem (fulcrum), very long and enlarged at its base ; eye- 
specks one or two. We propose this as a genus of Furcularicns. 

Although possessing a curved figure, with a characteristic form of jaws, 
Ebvenborg has distributed them in his genera Notommata, Diglena, and 
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Disteinma^ according to the number and disposition of their red points, and 
without consideration of the characters we employ. 


Plaoiognatiia Felts, — The species 
we regard as the type of this genus is 
the P. FeliSf called by Miiller VorticeUa 
Felts, but not answerable to the Notam- 
mata Felis of Ehrenberg. Its two styles 
are one-fourth of its entire length, and 
are curved backwards ; the back is con- 
vex, abruptly truncate behind. 1-118". 

Pl. lacinulata has been classed by 
Ehrenberg among the Nototnmatec. A 
variety of this species with two eye- 
spcH'ks may bo referred to the lyistemma 
setigera (l3hr.). 


I One must also regard as distinct spe- 
! cies of Plagiognatha tYiGNotomnuita Tigris 
I and the Diglena catelUna of Ehrenberg. 
The lyiglena hicustris of the same author 
also corresponds in form; but its jaws 
are not sufficiently described to deter- 
mine its position ; whilst his Nototnmata 
hypUrpm, represented witli one-toothed 
jaws, analogous to tliose of our Furen- 
hria, appears tlie same as a Sgstolide 
known to us, evidently possessing the 
jaws of a Plagiognatha, 


Genus LINDIA (Buj.) (XXXIX. 1-3). — Body oblong, almost vermicular, 
articulated by means of shallow transverse folds, rounded in front ; protnides, 
when swimming, two small clavate organs (3 n), clothed \vith radiating cilia 
at their extremities, and forming a retractile rotaiy organ on each side. 
Jaw’s (fig. 2) composed of three pincer-like teeth. Eye-speck single, in front 
of a blackish calcareous (?) sac. Two short conical toes at the posterior 
extremity. 


Lindia tornlosa (Buj.). — Body red- 
dish. Lcingth 1-0"', Forty ; 1-7'", Bu- 
jardiii ; 1-8'", Colm. (John, whose 
amended characters of the genus wo 
have given above, thinks that Notom- 
mata roseola may be identical with this 
species: the latter differs from Notom- 
mata tardigrada, which it much re- 
sembles, in the presence of the club-like 


rotiuy organ. Our author also contends, 
in opposition to Biijjirdiri, that the oeso- 
phagus is cdliated. It is not, however, 
quite certain that they refer to the same 
animal. It is distinct from Notommata 
vermicidaris, which it resembles. Cohn 
thinks the genus Lindia should bo located 
amongst Philodinaca. 


FAMILY OF THE ALBEllTINA (ALBERTIENS). 


Body cylindrical, vermiform, round in front, with an oblique opening, from 
which a ciliated organ protrudes itself, almost larger than the body ; toimi- - 
nated posteriorly by a short conical tail. Jaws in the form of hooks, simple, 
or with one tooth each. 

This family comprises but one genus, and one species, AlheMa vermicularis 
(XXXYllI. 35, 3fi), which is found parasitic in the intestine of LumbHci 
and snails. 1-79" to 1-47"' 

The ova with their embryos arc seen in its interior, in various stages of 
development. 

The ciliated apparatus, in advance of the mouth, is surrounded by an 
appendage in the shape of a spur (calcar). 

/ 


FAMILY VI.— EUCHLANIBOTA. 


This family comprehends such Rotatoria as have a compound rotary organ 
with more than two subdivisions, and whose bodies arc enclosed in a hardened 
lorica. The latter is very variable in form. Ehrenberg has remarked that it 
sometimes resembles the hard cara])aces of tortoises, at others the shells of 
crabs. In the former case the lorica is open at the extremities ; and in the 
latter, Ehrenberg supposed it to bo open inferiorly in Euchlanis ; but this is 
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denied by Cohn, whose testimony is to bo relied upon. The animal contained 
within this lorica presents the typical features of the Eotatorian class, just as 
some minute Crustaceans (Entomostraca), though enclosed between bivalved 
cases, retain the internal organization of their more conspicuous and shel- 
less allies. The Euchlanidota are provided with the various Eotatorian 
appendages — ^these exist as setae, uncini, spurs, or tactile organs ; and all are 
provided with the characteristic tail or foot terminating- in one or two digits, 
tliis organ being largely employed in locomotion, either as a rudder or as an 
anchor. The hardened tegument forming the lorica is variously prolonged 
into spines and other appendages. Sometimes these are most developed 
anteriorly, at others posteriorly, whilst in Stephanops a broad expansion of 
the front of the lorica is developed into a curious crystalline hood. The sur- 
faces of the lorica likewise are variously sculptured and ornamented. 

The eye-speck, to which Ehrcnberg has attached such importance in his 
subdivision of this family, possesses, as Bujardin has pointed out, less value 
as a basis of classification than the Prussian observer supposed ; but if the 
observations of Leydig prove correct, the organ acquires additional interest 
from the discovery of a refracting body in the eyes of Emhlams unisetata and 
Stephanops lameUarls, Should these observations pe confirmed, they Avill do 
much to I’cmovc all doubt respecting the visual character of these organs, — 
doubts which arc - naturally suggested by the improbability of visual organs 
being given to the cmbiyo encased in the egg, whilst the matured, active, 
bustling animalcule becomes deprived of them when its life seems to render 
their presence most necessary. The exact nature of the internal organization 
of most of the Euchlanidota is yet uncertain, and requires further study ; 
but each form, when minutely examined, is found to approximate more closely 
to tho Eotatorian type. Thus, whilst all are provided with a muscular system, 
Cohn has demonstrated that in Euchlanis the fibres arc of the striped or 
voluntary typo. The same observer has also shown that Enchlanis dilataia 
is bisexual, the males resembling those of Hydalina imd Asplanchna in being 
imsupplied ^vith an alimentary canal. These are approximations towards a 
general reduction of the whole class to a common type of organization of a 
higher character than was formerly thought to exist amongst Eotifera, but 
at the same time very different to what was oi’iginally attributed to them by 
Ehrcnberg. The genus LepadeUa devclopcs itself occasionally in such myiiads, 
in stagnant water, as to give a whitish turbidity to it. 

Elirenbcrg’s arrangement of the genera is given at p. 478. Dujardin 
includes most of the genera in his family Eracliionicns. 

Genus LEPADELLA (XXXIV. 430-433). — Eyes absent ; foot furcate. 
Several trochal muscles arc seen, and foot ones in two species. The jaws of 
the oesophageal head are single-toothed in L, ovalis and L, cmarginata ; in 
L, Saljnmi triple- toothed. The oesophagus is very short in all ; the alimen- 
tary canal below is constricted, except in L, Saljnmy in which it is simple. 
The ovary is globular in all ; in L, SaJpimi probably a cerebral gangljon (no 
cyb) exists. L, ovalis is sometimes developed in myiiads in stagnant water. 

Dujardin has the following criticisms on the genus LepadeUa : — ** Wishing 
to derive his generic characters too exclusively from the eye-specks, Ehren- 
berg has separated all those having such specks into several genera ; consti- 
tuting of those with two eye-points the genera Stephanopa and Metopiduiy 
and of those with four red specks the genus Squamella. But we arc con- 
vinced that these red points may be present or absent in the same species at 
different periods of development. We believe, for instance, that the LepadeUa 
ovalis and Sfep7ianoj>s nndicus (Ehr.) are but a single species ; LepadeUa 
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Patella with or without red dots ; so also the Metopklia Lepadella and Squa- 
mella hractea are the same^ and what we name Lepadella rotiuuJata, More- 
over the Squamella ohlonga and Metopidia acuminaia are two distinct species 
of LepadellaJ^ 

Lepadella ovalis (Brachionus ovalis, L. emargmata {Brachixnim Spatella et 
M.). — ^I-iorica depressed, oval, not emar- ovalis, M.). — Lorica depressed, oval, 
ginate, attenuated anteriorly, the ends broad anteriorly, extremities einargi- 
truncated. The alimentary canal of this nate. Amongst Conferva). Length, 
animalcule is generally tilled with a yel- without foot, 1-676". 
lowish substance, except when it feeds L. (?) Salpina, — Lorica oblong, pris- 
upon coloiuless Monads, (xxxiv. 430, a matic, obtusely triangular, back crested, 
back view; 431, a side (right) view of a denticulated. Amongst Conferva). Length 
young specimen ; 432, the lorica ; 433, the of lorica 1-200". 
cesophageal head.) 1-240". 

Genus DIPLAX (Gosse). — Resembles Salpina ; but the eye is wanting, 
and the lorica ^whicli, as in that genus, is cleft down the back) is destitute 
of spines both m front and rear ; foot and toes long and slender. It forms a 
connecting link between SaJpina and DhiocJians, The name, signifying 
double, alludes to the gaping lorica, which forms two parallel plates. 

In accordance with the tabular disposition of the family, this genus follows 
next after Lepadella, 

111 PL AX compressa. — Fonn of lorica lion forming a nearly equilateral triangle, 
(viewiid laterally) nearly a parallelo- surface delicately punctured or stipph>d ; 
gram, gi’catly compressed. TiOrical-17G". toes long and slender. Lorica 1-160"'. 

1). trigona. — ^Ijorica three-sided, a sec- Leamington. 

Genus MONOSTYLA (XXXIV. 434-437). — Eye single, cervical; foot 
simple, styliform ; lorica (tesiida) depressed, ovate. Numerous muscles have 
been noted in two species — the oesophageal head has four muscles ; in one 
species the jaws arc single- toothed, in the other two- toothed. (Esophagus 
very sliort ; stomach constricted (Gasterodela), with two glands.- The ovaiy 
is globidar ; an ovum, with the vesicle of the germ within it, wjis seen in two 
species. Xo male organs, vessels, or respiratory tubes, are seen. Owing to 
the almost constant vibration of the foot-like tail, it is difficult to observe the 
true form of its termination, the motion producing an optical deception ; 
hence it appears double, though in reality it is single. 

Monostvla cornnta ( Triclioda cor- about Conferva) and the leaves of water- 
nuta, M.). — Jjorica hyaline, unarmed, plants. 1-12()". 

and truncated anteriorly. Amongst M. (?) lunaris, — Ijorica h^raline, flex- 
Charae and Coufervao. 1-250". ible, admitting the retraction of the 

M. quadridentata. — Lorica yello'wiah, head, anteriorly crescent-shaped. 1-144". 
anteriorly deeply dontated, resembling Colour grey, usually so dark that no 
four lioi-ns. It is generally of a yellow internal organs are distinguishable. Eyes 
leather colour, but Ehrenberg has seen red ; jaws large, two-toothed ; eggs few. 
it colourless, (xxxiv. 434 & 436, ventral Btdla (Gosse). — Body ovate, in- 

aspect; in the latter the animal is ex- dated, the back very gibbous; lorica 
tendedTbeyoud its lorica, which happens plicated on each side, with a deep fur- 
when the rotary cilia are in motion. roAv; the occipital and mental deeply 
IJg. -430, a side view; 437, the jaws incised. (Colour yellowish-brown. Length 
and teeth separated.) In doccosc matter of lorica 1-176". 

Genus MASTIGOCERCA (XXXIV. 438-440).— Bujardin and Perty be- 
lieve this to be identical with Monocerca, 

Genus EUCHLANIS (XXXR". 441-446 ; XXXVIll. 5,18 ; XXXIX. 4, 5, 
7). — Lorica resembling a tortoise-shell ; according to Cohn not slit inferiorly. 
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as described by Ehrenberg. Dorsal and ventral plates united along the sides, 
forming an acute ridge, leaving a fissure, posteriorly, for the foot. Dorsal plate 
the largest. Frontal poiiion of the animal retractile within the lorica ; deeply 
cleft on its ventral aspect, with the oral orifice at the bottom of the cleft. 
Expanded anteriorly into lappets supporting hooked bristles. On eitlier side 
is a conical process terminated by a long stiff seta. Gilsophagus capacious ; 
jaws resembling those of Hydatina and Brachionus, Stomach thick and 
rounded, with two small spherical glands. Intestine pyriform, ending in a 
cloaca at the posterior border of the ventral plate ; both ciliated. Contractile 
vesicle opening into the cloaca, sending up ph each side a coiled water- vessel 
with about four vibratile tags. Longitudinal muscles -strong, striiited. A large 
trapezoid cellulo-granular organ in the head, with a red si^eck near its front 
extremity, and on each side a long, finely granulai' saccular appendage. Tail 
with three telescope segments, ending in two long knife-like toes. 

Dujardin does not admit the genus Monostyhi, but places its three species 
in the present one — Euchlanis, 


Evciil“anis(?) tnfjmirtt (xxxviii. 6rt). 
— Lorica' very largo, trilateral, with a 
dorsal crest j setas on foot, none. This 
species is very diaphanous ; and there- 
fore,” remarks lilhrenberg, I was never 
able to see the lino of division on the 
ventral surface of the lorica. The rela- 
tionship of the fibres of the lateral 
muscles, is physiologically and anatomi- 
cally in terestihg ; they form throe bun- 
dles, on each side, and show as distinct 
corrugations as do tlicj muscles of larger 
animals.” (xxxiv. 448, a fore-shortened 
view; 442, a left side view, showing 
the dorsal crest of the loiica ; at the 
base of the foot an external emnty fold 
of the skin is visible. Fig. 441, the ven- 
tral siirfacre, showing an opening for the 
foot, but no division of the lorica ; 
444, the teeth and jaws separated.) In 
turf-pools. Length 1-48" ; ovum 1-192". 

(XXXVITT. 5.) 

K. (Y) itorneinanm. — TiOrica thin, 
short, cup-shaped, tnmeate in front, the 
anterior part of the body soft (pliant) 
and eloiiffated. This ertiature appears 
able to draw within the lorica both 
foot and head. Sometimes longitudinal 
muscles arc apparent. 1-432" to 1-240". 

Lunci ( Cercaria Lnna^ M.). — Lorica 
cnp-shap(?d, the front excised in a lunate 
manner, toes with claws. The single- 
toothed jaw, the constriction of the ali- 
moiitary canal, and the claws distingiiish 
it from tlie other species. Amongst 
Ceratophylhim and Confervae. 1-144". 
According to Perty, specimens occur of 
a rosy red colour. 

E. macnira . — Jjorica large, ovate, de- 
pressed ; bristles at the base of the foot ; 
toes long, styliform. This species is di- 
stinguished from the following one by 
its stronger and longer lots. ‘‘"Lately,'- 


says Ehrenberg, “ I saw the division of 
the lorica along the ventral surface.” 
Each jaw has fi\ e teeth ; and there artj 
two soft maxillary appoiidages, each with 
two teeth. Amongst Confervsc in clear 
water. IjCiigtli, without foot, 1-90". 
Perty states that the stomach and in- 
testinevs are sonuitimos red. 

E. dilatata (Bmchiomis, M.). — Lorica 
broad, depressed, folded on the under 
side ; foot without seta) ; toes long. 
This animalcule, when it emerges from 
the egg, has a very soft lorica, and re- 
sembles Noto^nnmta* Cohn states that 
the males ()f E, diluUtta are like the 
female, only smaller and more slender, 
as well as more tnuispm’eut from the 
absence of mouth, cesopnageal bulb, and 
intestine. The testis or tlie male occupies 
the centre of the body, and is a lancet- 
like elongated sac (xxxix. 5 /«), extend- 
ing from the cloaca to the cerebral 
ganglion, and filled with rod-like sper- 
matozoa. At its posterior extremity it 
is in connexion with a reniform body 
suiTounding and opening into the penis. 
The latter has a thick wall and a ciliated 
canal protruding as far as the first seg- 
ment of the tail (5 p <?). Length of 
lorica 1-8"' to 1-20"' (figs. 4, fi, 7). 

E. Lyncem. — Ijorica ovate, turgid, 
deeply lluted; two little horns project 
antenorly. (xxxiv. 445, a back view ; 
and 446, a side view) ; the lorica is open 
along the middle of the under side. 
Length of lorica 1-216". 

E. di^xa (Gosse). — Body semioval ; 
ventral surface of the lorica divided lon- 
gitudinally, and the edges of the fissure 
bent out at right angles ; foot furnished 
with two pairs of bristles ; toes spindle- 
sh^ed. 1 jorica 1-80". 

E. ivjriformis * — Outline (viewed dor- 
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sally) neai’ly oval, witli a slight con- 
striction in the middle ; lorica divided 
longitudinally along the ventral suiface, 
the gape widening anteriorly; toes pa- 
rallel, edged ; eye minute. Lorica 1-62". 

E. Hipposideros , — Nearly oval in out- 
line ; the ventral side flat ; the dorsal 
greatly arched, and ridged down the 
middle; lorica formed of two distinct 
plates ; the dorsal plate enveloping the 
back and half down the sides ; the ven- 
tral separated from it by a wide space, 
and hollowed in the middle, so as to 
present the figure of a narrow horseshoe, 
whoso points are forwards ; foot armed 
with one pair of bristles. Lorica 1-110". 

E. vmarffinata (Eichwald). — DivStin- 
guished from JK L^nm by a projection at 
the end of each tail-flap. 


E. incarinata (Perty). — Body elon- 
gated. Dorsum of lorica with tw'o 
parallel keels, rounded behind. Tail 
long, with two terminal pincers; body 
wide in the middle, conti*acted towiuds 
each end. Middle joint 6f the tail very 
long ; toe-segment very short. Eye 
blackish-red. It is allied to E, WetssU 
of Eichwald, but distinguished by its 
long figure and long setae of tail. 1-6"'. 
Perty believes that this species connects 
Euchlank with Salpitm. Leydig regai'da 
it as a Sttfpinu. 

E. umsctata (Leydig.) — Size of E. di- 
lattda. It has a single long bristle located 
on the dorsal surface df Sie foot-articu- 
lation ; and, according to Leydig, the eye 
has a refracting lens (xxxviii. 18), 


Genus SALPINA (XXXIV. 447-453). — Eye single, cervical ; foot furcate ; 
lorica prismatic, with bulging sides, closed below, and terminated by spine- 
like processes or teeth. ‘‘ The lorica,’' says Ehrenberg, “ resembles a three- 
sided little casket, wdtli arched sides, flat below, and having, anteriorly and 
posteriorly, at the tmneated extremities, little points.” The animalculb can 
entirely withdraw itself within the lorica. AU tlic species have an elevated 
ridge upon the back, which in some cappears to be double. A compound 
rotary organ, two short anterior lateral, and two foot muscles are seen in 
8. nmeronata. An oesophageal head, with three- or four-toothed jaws, a 
short oesophagus, and a simple conical alimentary canal exist in all the 
species ; in flvo the conicjal intestine has two spherical glands. The ovary 
is distinct. A spur or tube is observed at the neck in three species ; the red 
eye in connexion with a cerebral ganglion is always present. They do not 
increase in large masses. 


Salpina 7nucronata {Jirachionus mu- 
cronatm, M.). — Lorica very minutely sca- 
brous, anteriorly with four, and poste- 
riorly with three horns, giuierally straight 
and of equal length. The lorica, w'hen 
tho creature is young, is soft and bent, 
but soon hardens, and produces horns. 
The spur, or tactile tube, in the neck, 
tei'minatcs in a little bristle, as seen in 
XXXIV. 450. In some specimens, Ehr- 
enberg says, the lorica appears as if 
punctate or stippled. (447, 448, full- 
grown specimens, wdth the head with- 
drawing the latter figure is a back view, 
the former an under one ; 44V), a side 
view% head extended; 451, an egg just 
deposited on Lemna ; 462, im egg with 
the young vibrating ; 450, the jxung 
one just escajicd from tho shell; 453, 
the teeth separately.) Length of lorica 
1-144". 

S. spinigera . — Lorica with four frontal 
and three' posterior horns; the posterior 
dorsal one longest, and a little recurved. 


Among CemtophuUa. I^ength of lorica 
1-140" (xxxviii. 23, 24). 

S. vmtralis. — Lorica stippled, horns 
two in front, three behind, the dorsal 
one short and decurved. According to 
Perty, a faint lens seen in the eye. 
Amongst Confervas, &c. 1-120". 

S. rediinciu — Lorica smooth, horns two 
in front, three behind ; tw^o of the latter 
(the under ones) hooked, the dorsal crest 
bifid and gaping; teeth four to each jaw. 
Amongst Conferva). 1-200". 

S. brevi^ina , — liorica milky and tur- 
bid, but appeiaiing bright ; scabrous, 
horns two (small) in front, and three 
behind, short dorsal crest not gaping; 
respiratory tube unknown. Amongst 
CeraUgyhyllu, 1-144". 

S. hicarinata , — Lorica smooth, horns 
four in front, three behind, short ; neither 
lateral muscles nor respiratory tubes 
known. 1-216". 

S: splnigeraj 8. venlralisj S. redtmeay 
and 8 hicarinata are probably slightly 
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variable forms of one and the same teriorly with obtuse angles. Transparent, 
animal. > Eve red. Tail-flaps extend to the root 

S. mutica (Perty). — Lorica toothless oi the tail, 
both in front and "l^hind^ truncate pos- 

Genus DINOCHARIS (XXXIV. 454-456). — Eye single, conical; foot 
furcate ; lorica closed below, with a sharp lateral margin, but unarmed at 
both ends. The compound rotary organ has five or six muscles, and in two 
species the foot two. An oesophageal bulb, with single-toothed jaw^s, is found, 
except in D, tetraciis, which Ehrenbcrg thinks has four teeth ; oesophagus 
very short, alimentary canal constricted ; two oval glands exist in Z>. Focillum 
nnd 2>. tetractis. An ovary is seen in all, and a contractile vesicle at the 
base of the foot in D. Focillum. Traces of a water-vascular system arc 
perhaps to be seen in D. Focillum, though even here it is doubtful, for the 
apparently' tremulous organ just behind the ccsophagiis may be only a tre- 
mulous condition of an internal fold of the stomach. The oidy evidences of a 
neryous systexh -are the eye and the long ganglion which supports it. 

Dinochauis Focillum {TncJioda Po- 4^honis two, at the base of the foot; toes 
cillunij iM.). — Lorica nearly cylindrical, two. This species has longer toes than 
with a slight dorsal ridge; "two long the others; and the body is comparatively 
spines at tlio base of the foot, toes threij. shoiter. With Lemnie and CercdophylUt. 
(xxxiv. 464, 465 represent tliis creature 1-120". 

in diflerent positions; and 466 the teso- D. pmtper. — ^I^orica acute, triangular; 
phagCal bulo.) Amongst Ceratophyllay horns two, at the base of the the foot, 
&c. 1-120". scarcely perceptible ; toes two, short. 

L. tetractis. — ^Lorica acute, triangular ; 1-120". 

Genus MONUEA (XXXIV. 457-459^. — Eyes two, frontal; foot simple, 
styliform. The .lorica is somewhat compressed and open upon the ventral 
surface ; anteriorly is a hook -like process, which can bo withdrawn. In one 
species, the vibra tile organ has four to six muscular bulbs; in both, an 
oesophageal bulb, with two-toothed jaws, a very short oesophagus, and a 
simple alimentary canal with two spherical glands are observed; an ova- 
rium, with a single large ovum, has been seen. The eyes are red, moveable, 
and seated upon nervous masses. The species are not only difficult to di- 
stinguish from each other, but also from the genus Colurus, — the toes of the 
latter appearing single until pressure is used. 

MoNun A Colimis. — liorica oval, ob- | eyes distant from each other ; the ali- 
tuse, obliquely truncated posteriorly, mentary canal is often filled with green 
eyes near to each other. Loiica 1-280". matter. They incivase rapidly in glass 
Siberian specimens 1-400". vessels, (xxxiv. 457-469 represent throe 

'm. dulds. — Lorica ovate, anteriorly views of this animal.) Amongst Con- 
acute, posteriorly obliquely truncate ; fervee. Length of lorica 1-288". 

The two species of Monura are referred by Dujardin to Colurus, or, to 
adoi)t Ids appellation, to Colurella. ^ 

Genus COLUllUS (XXXIV. 460-462). — ^Thcy have two frontal eyes, a 
furcate foot, and a compressed or cylindrical lorica. The lorica is said to bo 
open upon the under side (scutellum) ; a compound rotary organ is present in 
ail, over which projects a retractile frontal hook ; an oesophageal bulb with 
two jaws, in two species with two or three teeth ; the oesophagus very short ; 
two species have a constricted stomach (Gastcrodcla), the others have a simple 
alimentary canal (Coclogastrica), all with glands. The two red frontal eyes 
arc delicate ; in C. uTidnutus and C, bicusjoidatus they have escaped observa- 
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tion ; all have peculiar vesicles at the back. They resemble Monum, Foot 
furcate. 

CoLunus (?) tindnaius (Bmchiomia C. caudatiis. — Lorica ovate, com- 
uncimituSf M.). ^ — Ijorica ovate, com- pressed, posterior points distinct ; toes 
pressed; posterior and bi-pointed toes, longer than the mot. The shell re- 
very short ; at the middle of the back is senibles C. unctnatm, but the toes are 
generally a circlet of vijsicles, which at much longer. In fresh and sea water, 
one time Ehrenberg considered eyes, but Lorica 1-288". 

which ho now regards as vesicles of oil, O.dejtexus . — Lorica ovate, compressed; 
as they are seen in all the spt'cies, and the shell is mom founded, and very 
abundantly in the Cyclopida. In fresh transparent, (xxxiv. 4(i0-402 represent 
and sea water. 1-430" to 1-288". back, under, and side views ; the former 

C. (?) ■^hiciispldatm, — Lorica ovate, shows the vesicles.) In the clear water 
compressed ; the two points posterior, of a pcat^^ moor. 1-240". 
strong ; toes short. 1-288". i 

Genus METOPIDTA (XXXIV. 463-4G5).— Eyes two, frbntal ; foot fur- 
cate ; lorica depressed or prismatic ; the frontal portion naked or uncinate, 
not provided with a hood ; indeed they may be regarded as Le^adellce with 
two red frontal eyes ; tlic lorica, which is oval and semicircular or crescentic 
in front, apjjcars to be closed on the under side {teatuJa), In two species the 
rotary organ has from three to four muscles ; and in one species two foot 
muscles are observed. Two species have a frontal hook, like Colurus. The 
cesophageal bulb in one species has two, in another four, but in the third no 
distinct teeth ; a short ccsojdiagus and two sj^hciical glands lU’o present in 
all. Two ,si)ecies have a distinct constricted stomach (Gastcrodela). Ari ovary 
is present ; and i\f, Iviptera has a contractile vesicle. Eye, according to I^cydig, 
with a lens. 

Metopidia Lcpaddla. — Lorica de- Amongst Oscillatorifn. 1-240". 
pressed, nearly tint, broadly ovate, ex- M. tnptcm. — Lorica oval, triangular, 
cisod in a luiiato manner in front, back crested : a section would resemble 
rounded posteriorly; toes somewhat xxxiv. 443. Amongst Conleivee. 1-200". 
longer than foot. This species resembles M. soltda (Gosse). — Much resembles 
in Ibim Lcpaddla ot'ah's (xxxiv. 4J10- 3L Lepaddlaj but is considerably larger ; 
433) and Squaindla limotea ; but the lorica circidar, brilliantly transparent ; a 
former has two-tootlied jaws and no slight punctation surrounds the edge, 
eyes; the latter, four o^h’S and indi- like that on a coin. Lorica 1-150". 
stinctly-tootlKjd jaws, (xxxiv. 403-405, M. oxysterna. — liescmbles M, triptem, 

back, "under, and side views, the first but the dorsal keel is much higher and 
and last having the rotary organs ex- thinner; the anterior two-thirds of the 
tended and in motion J 1-240". ventral surface form a prominent ridge, 

M. acuminata. — Lorica depressed, terminating abruptly like the breiust- 
nearly flat, oval in shape ; anteriorly bone of a bird ; and the posterior portion 
slightly excised, posteriorly pointed, is hollowed out remarkably, yicwcnl 
This species resembles Colunis ; but in laterally, the outline of the back is very 
that genus the eyes are very close to- gibbous behind. Lorica 1-175". 
gether, and the lorica open beneath. 

• 

Genus STEPHANOPS (XXXIV. 400, 407; XL. 8-10).— Eyes two, 
frontal; foot furcate; lorica depressed' or prismatic, the front expanding 
into a hood or transparent shield. The lorica, in two species, has thom-liko 
processes posteriorly. In one species a longitudinal muscle is observed on 
each side (anteriorly), two muscles for moving the foot, and from three to five 
belonging to the compoimd rotary organ. The oesophageal bulb has single- 
toothed jaws, and a short oesophagus. In one species the alimentary canal 
is constricted, in the others it is simple ; two species have glands ; an ovary 
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exists in all ; a contnictile vesicle in two. The red eyes are situated on each 
side, near the frontal head in two species ; in one they are yet unknown. 

The hood remains extended, even when the creature withdraws within its 
sheU (XL. 8-10). 

Stephanops lamellaris {Brachionm hood or diadem. This hood is often 
lamellar is — l^orica with three spines much larger than is represented in Ehr- 
postenorly. The rapid movement and eiiberg’s figures.) Amongst Oonfervos. 
transparency of this animalcule renders Length of lorica about 1-300". 
its organization difficult to observe. A S. (?) muticus (xn. 8-10). — Lorica 
process extends upwards from the oral unarmed posteriorly, entire. Two eyes, 
opening and diverges into two filamen- red. Head and tail larger in proportion 
tons appendfiges. I jeydig affirms that the to the trunk than represented Tby Ehren- 
eye bos a distinct hemispherical lens, berg. 1-144". 

and that the alimentary canal is divisible 8. cirratus {Brachionm cirratusy ]M.). 
into maxiUary bulb, stomach, and intes- — Lorica with two spines posteriorly, 
tine. The two latter ciliated. Also a This species has a contractile vesicle, 
contractile vesicle present, (xxxiv. 400, 1-240". 

467, difterent views with the crystalline 

Genus SaUAMELLA (XXXIV. 408, 469).— Eyes four, frontal ; foot 
furcate. Tho lorica is closed {test ala) ; the rotary organ consists of five or 
six muscular bulbs. In one sijocics the cesophage^ bulb has jaws, with two 
or three teeth each ; its tube in one is short, in the other long and bent 
like the letter 8. J3oth have a bipartite intestine (Gasterodela), with small 
glands ; also an ovary and contractile vesicle. The eyes are disposed in pairs 
oil each side the brow. 

^q,vxM.mAjKBractea{Brach{onusBrac~ long and slender; eyes larger than in 
tea, M.). — Lorica d(3pressed, broadly the foregoing species, (xxxiv. 468, 409 
ovate. It is very transparent ; the toes represent back and side views of this 
thick and short, not evident. Length of animalcule.) In gi’een-coloured water, 
lorica 1-144". \yii)iChkimydomonasPulvisculm, 

ohlonga , — Lorica depressed, either of lorica 1-280". 
elliptical or ovato-oblong, hyaline ; toes 

Genus NOTOGOXIA (Perty). — Body covered by a lorica which dilates 
posteriorly; posterior murgin occupied by two pointed processes on each 
side, the shorter one being directed backwards and the larger one outwards. 
Two eyes widely separated, on the outer margins of the anterior extremity. 
Jaws curved, strong, with two or three teeth. Caudal setae strong and 
bristle-like. 

Notogonia Ehrenhergii. — Slightly tail, 1-14'". Motions rather brisk, re- 
ventricose, grey. Rotary organ com- sembling those of Brackionus. Amongst 
posed of a single row of cilia; eyes very Confervoe. 
small, pale red. l^ength, including the 

FAMILY VII.— PHILODINiEA. 

• ■ ■* 

This family comprehends Rotatoria devoid of lorica, but possessing two 
simple rotary organs, resembling wheels. The body of most species is worm- 
like, or spindle-shaped (fusiform). Portions of the body can be thrust in 
and out, like the tubes of a telescope ; this is effected by a sort of false joint, 
caused by a peculiar insertion of the muscles. In all the species the foot is 
furcate ; and in Callidina, Rotifer, Actinurm, and Philodina it is provided 
with soft processes, near the false joints, resembling horns in shape, as in 
the genus Dinocharh (fig. 455). Muscles are seen in the genera just named. 
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The nutritive apparatus consists of an cnsophagcal bulb, with two jaws ; in 
three of Ehronberg’s genera these are double-toothed (Zygogomxdiia) ; in two 
the teeth are in rows (Lochogomphia). In the four principal genera the ali- 
mentary canal is filiform ; it is furnished with a bladder-likc expansion at its 
commencement (Trachelocystea), and surrounded by a turbid cellular or glan- 
dular mass. In one genus the alimentary canal is conical (Ccelogastrica), in 
the two African genera its character is unknown. In four genera the intes- 
tine has glands ; in a like number an ovary and glands are present ; a con- 
tractile vesicle exists only in Rotifer and Philocilna, which, together with 
Actinurus, are also sometimes viviparous. In Rotifer and Phllodlna, portions 
of a muscular system are visible, in the form of from nine to twelve trans- 
verse bands; the same genera, as also Actlnurm and Monolahlsy}\a\Q spur- 
like tactile tubes. In thirteen species red eyes are present; and beneath 
these organs, only what is supposed to be nervous matter is apparent. 

Eor Ehrenberg’s arrangomeht of the genera, see General History, p. 479. 

“ The characters employed,” says Hiijardin, ‘‘ by M. Elircnberg, for the 
distinction of his genera of Philodinma, have certainly too slight a constancy 
to be admitted ; that author lias himself seen the red specks, which he calls 
eyes, vary in number and position in his Kotifers. As to the appendages of 
the tail (toes), they are not always alike visible, although actually present, 
because the animal does not extend them except at certain moments ; the 
central terminal aiipendage — that by which the Rotifers aflix themselves to 
solid bodies — is itself of greater or less length, but always present. We 
therefore think that but two genera can be nghtly established : one, Callidina^ 
characterized by the feeble development of its ciliated rotary organ, and by 
entirely wanting red sxiecks; the other. Rotifer, with two or several red 
points placed more or less near the exterior extremity, and, what is of more 
importance, with very highly developed rotary organs.” 

“ The genera Hydrlas and TypJdhia are founded on imperfect observations 
made by the author dming his journey in Kgypt ; and the genus Monolahis 
ought to be placed elsewhere.” 

The family Fhilodinsea thus formed is arranged parallel with BrachionsDa, 
as though the absence of a lorica were the only difference between them. 

So far as Diijardin accepts of the same species, his family llotifera and that 
of Philodinma of Ehrenbcrg correspond. 

Tlie amazing pcmistcnco of vitality in the Rotifer vulgaris gives a great 
interest to this family, as tilso the occurrence of some of its members 
within the cells of aquatic plants. I)r. Morren’s observations probably ex- 
plain some of the latter occurrences ; but it is a question whether recent 
discoveries in vegetable physiology may not further explain the existence 
of these animals within closed vegetable sacs. Eor instance, the origin of 
some cells by the vacuolation of a soft 'pemtrahle 'protoplasm suggests the 
possibility that the llotifera may dcj>osit their eggs witliin the soft, half- 
org&nized protoplasm ; and in the process of vacuolation some of these ova 
migh^ readily find their way into the .vacuoles about to be converted into 
cells, the latter change being completed before the embiy^onic animalcule 
escaped from its ovum ; and when it did so emerge, the completion of the 
vegetable process would cause the animal to find itself imprisoned within the 
walls of a vegetable cell. 

Genus CALLIDINA (XXXIV. 470-473). — Distinguished by possessing a 
proboscis, and a foot furnished with processes resembling horns, and by the 
absence of eyes. The vibratile or rotary organ, is double, not pedicled, and 
is sumountod by a thickly ciliated proboscis. The furcate foot has two 
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elongated toes, four little horns or processes, and six points. Muscles for 
moving the foot are also visible. The oesophageal bulb has two jaws, with 
numerous delicate teeth. The fiHform alimentary canal has a bladder-like 
expansion posteriorly, but is not provided with glands ; it is surrounded by a 
granular, and cellular mass, whose function is unknown ; Ehrenberg thinks 
it connected with reproduction. An ovarium, with single large ova, ie seen. 
A little spur-like process projects from the neck. No indication of a nervous 
system is observable. 


Cali.idina ehgam, — Spindle-shaped, 
crystalline ; rotary organs, or wheels, 
small, (xxxiv. 470-472 ; 473, the eggs.) 
In bog-water and infusions of oak-bark. 
1-72". 

C. redivica (Ehr.). — Fusiform, dif- 
fusely granular or else fleshy ; with red, 
distinct ova, and strong rotary organs. 
1-GO" to 1-48" ; ova 1-576". Berlin ; in 
the sediment of water-spouts of houses. 

C. CQrnuta.-^Oii each side of the liead 
a short horn-like process. - Maxillary 
bulb much wider behind than in C. ele- 
gam. Ciliary motion unusually strong 


in the oesophagus. Swims in rather an 
eel-like manner. C. comtricta (Dm.), so 
named on account of the contracted form 
of its rotary apparatus. Its jaws pre- 
sent a row of closely-set parallel teeth. 
1-52". 

C. hidem (Gosse). — Body spindle- 
shaped, jaws Tiimished with two distinct 
teeth. 1-45". Perhaps this is no other 
than C, ekgaiiSy the jaws of which Ehr- 
enberg describes as liaving many delicate 
teeth. 1 have, however, examined nu- 
merous specimens, and have always found 
them distinctly two-toothed. 


Genus HYBEIAS (XXXV. 474). — It is devoid of eyes, proboscis, and the 
little liorn-liko processes at the foot ; the two small rotary organs, or wheels, 
are supporied on pedicles or arms. 

An oesoifliageal head, and an ovary, with a large ovum, have been seen by 
Ehrenberg. The form is like a naked Pterodlna, This genus is constructed 
for an AMcan Ilotatorian imperfectly observed. 


Hydiuas cormgera , — Ovate, hyaline; 
foot attenuated, resembling a "furcate 
tail. XXXV. 474 represents an animal- 
cule extended. With Oscillatoriae, in 


standing water from a small spring at 
Sh'a, in the Oasis of .Tiipiter Ammon. 
1-190". 


Genus TYPHLTNA (XXXV. 475).— Like tho last, is an African form. 
Devoid of eyes, proboscis, and hom-like processes at the base of tho foot ; 
but its little wheels arc sessile. It resembles a very small Rotifer ^ without 
frontal proboscis or eyes. 

Typhlina riridh, — Body oblongo- near Cairo in Egypt, in such numbers as 
conical, small (xxxv. 475). Found by to colour the water green. 1-720". 

Drs. Henipricli and Ehrenberg in a pool 

Genus EOTIFEE (XXXV. 476^80; XXXVIII. 1-3).— Body fusiform. 
Able to retract and protrude its little foot with its appended horns. Eyes 
two, placed upon the frontal proboscis ; foot provided with little horn-like 
(comiculate) processes, and two toes bisulcato at their apices. A double 
rotary organ, furnished with muscles, is seen in all the species ; also longi- 
tudinal and foot muscles in three of them ; a furcate foot and hom-like pro- 
cesses in four spccios ; in jB. citrinvs tho pincer-like portions of the foot 
appear to be tri-pointed ; in R, erythrmus they seemed to be drawn in. 
In four species a muscular oesophageal bulb, with jaws, each two-toothed, is 
seen; in three species the alimentary canal is filiform, with a vesicular 
expansion at the extremity, but no cesophagoal tube ; it is moreover sur- 
rounded by a cellular glandulose turbid mass ; another species has a conical, 
tubular alimentary canal, without the surrounding mass or expansion at tho 
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end ; the four European species have two spherical alimentary glands, and 
an ovary, with a few large ova ; occasionally these species arc viviparous. 
In three of them a contractile vesicle is present. In li, matrurus, near the 
alimentaiy canal are two glands. In three species from nine to twelve 
parallel transverse muscular bands have been observed ; and besides these, 
in the four European species, styliform tubes emanate from the neck, which 
in one species are ciliated anteriorly. Two rod frontal eyes are met with in 
the four European forms, and beneath them, in 11, vulgaris, two ganglia. 


Rotifkb vulgaris ( Vorticella rotatoria, 
M.) (xxxv. 47&-480). — Body fusiform, 
white, gradually attenuated towards the 
foot ; eyes round. This creature, which 
was discovered by Ijoeuwenliock, w'as 
described- and illustrated in the Micro- 
scopic Cabmet some years ago, prior ^to 
tlio appearance of Elirenberg’s observa- 
tions. “ It has the power of contracting 
or extending tho Icngtli of the body in 
the following remarkable manner: — 
When tho creature is about to shorten 
itself, transverse folds or joints are ob- 
servable, which do not appear to be con- 
fined in number or situation ; the in- 
teguments, when a joint is produced, 
are drawn within tluj parts auove, and 
slide out like the tubes of a telescope, 
when tho joints disappear. It is this 
power that enables it to assume the 
form of a sphere, the head jmd tail being 
drawn within the body.” Anteriorly it 
has a proboscis-like process, with a cili- 
ated extremity, and a soft hook, near 
which are. two dark n^d points. The body 
teniiinates posteriorly in a moderately 
long tail-like foot, having six processes 
disposed in pairs; two wreaths of cilia (the 
wh(^els), voluntarily moveable, are placed 
upon short thick arms (pcdicled), which 
can bo drawn in and out at pleasure ; 
these wreaths seiwe for swimming and 
pui’veyiiig, tho food approaching the 
mouth through the cuiTents produced in 
the water by the cilia. On the dorsal 
surface is a stylifonu horn (spccu/uni 
collare, M.), at tlie end of which Loydig 
detected retractile cilia. During vima- 
tion tho neck has a circular fold, which 
appears on each margin in a front view 
like a lateral style. Tour longitudinal 
musclis, two anterior and two posterior, 
are seen ; laterally also two, club-shaped, 
for moving the foot, and two belonging 
to the rotary organ. Sometimes, says 
Ehrenberg, four anterior longitudinal 
muscles and a dorsal and ventral muscle 
appear to be present. It has two kinds of 
locomotion, — one by alternately attach- 
ing the mouth and foot, and, as it were, 
stepping along; the other by swimming, 
through the rotary apparatus. If the 


creature attach itself by the foot, and 
tho rotary apparatus be in motion, a 
strong current or vortex is produced on 
each side tho wheels, resembling two 
spirals in tho water, which bring the 
uutriiive particles to tho mouth, from 
which some are chosen arnl the rest How 
away. In order to observe this action with 
ohect, finely-divided ennnine or indigo 
must bo mixed in tho watijr. Tho oral 
aperture is placed just behi'atli the hook- 
luce proboscis, from whence it continues 
backwards as a long exttmsible tube, as 
far as tho a^sophageal head, which has 
four miLSch^s and two striated jaws with 
double teeth (Zygogomphia). From this 
point a filifonn" intestinal canal extends 
posteriorly, fonning an oval expansion 
near its tiinnination at the amis, at the 
base of the tail-like foot. A thick glan- 
dular ccdlular mass, often yellowish or 
greenish, surrounds tho alimentary canal; 
its use is unknown: anteriorly are two 
biliary g;lands. The propagative system 
is v(?ry interesting : the ovary is a glo- 
bose glandular mass ; in it four or five 
ova sometiimis so completely developo 
themselves that the young creep out of 
their envelopes, extend themselves, and 
put their wheels in motion while within 
the ovary ; they sometimes occupy two- 
thirds the length of the parent. In tho 
ovum the young are coiled up in a spiral 
manner. A contractile vesicle exists, and 
eleven or twelve parallel transverse bands, 
probably muscular. Tho two red frontal 
eyes, with a ganglion beneath them, in- 
dicate a nervous system. These eyes are 
cells filled with a granular pigment, and 
sometimes separate iibnormally into se- 
veral ; Leydigf affirms that tliey contain 
a refracting body. (xxxv. 470, a full- 
grown animal extended, and supposed 
to be attached to a fixed body — tho 
currents about the troclial disc as dis- 
played when indigo is put in the water ; 
477, an under view, the wheels with- 
drawn, and body contracted ; 478, an 
extended Rotifer, wheels withdrawn ; 
479, 480, upper portions more highly 
magnified, after submission to different 
degrees of pressiu’e between tho plates 
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gf a compressor. In xxxv. 476-478, ova 
are seen ; some are developed, and their 
eyes and oesophageal bulb visible. The 
transverse muscles, and the tube pro- 
jecting from the neck, are seen in the 
engravings. Found in fresh and sea- 
water, in infusions, on the flocculeut 
matters of water-plants, and even within 
the cells of some, e. g. of Sphagnum and 
Vauchiiria^ &c. (See Part 1. p. 466.) 
1-60" to 1-24". 

R. (.P) citrimis. — Fusiform, lower part 
gradually attenuated into a foot; its 
horn-like processes elongated ; eyes 
round and, according to Leydig, con- 
taining a refracting body ; cendcal tube 
toothed. The extremities are transpa- 
rent, the middle of the body of a citron 
colour ; it often exhibits longitudinal 
folds, and is then less transparent. 
Amongst Oscillatorifc. 1-24". 

R. (?) et'ythrceus, — Small, oblong, 
suddenly attenuated into a long foot. 
1-240". 

R. macrurm ( Vortkella macruvay M.). 
— Transparent, ovato-oblong, sudd(?nly 
attenuated into a long foot ; this is di- 
stinguished from Actimmts by its small 
toes, horn-like processes, and suddenly- 
attenuated body. The style, or antennal 
tube, is ciliated in a star-like manner. 
The wheels are prominent. A long 
stomach is succeeded by a short intes- 
tine ; on each side is a convoluted water- 
vascular canal, but without vibratile 
tags. Eyes either two, hemispherical, 
abruptly truncate anteriorly, red, and 
with a refracting medium, dr elongated 
posteriorly, becoming divided into seve- 


ral rows of linear points, without re-i- 
fi'acting media. It is altogether a choice 
subject for the microscope. In boggy 
water. 1-350". 

R. tardus . — Hyaline, fusiforjjtt^ gra- 
dually attenuated to the foot, and having 
deep strictures in the form of square 
false articulations or joints ; eyes ob-;- 
long. It resembles internally -R. vulgaris, 
1 - 80 ". 

Of the several species of 'Rotifer j and 
of the following one of ActinuruSj de- 
scribed by Ehrenberg, M. Dujardin con- 
fesses his inability to discover the specific 
diflerences, althongli ho admits diversity 
of habitat, and of resistance to the pro- 
cess of desiccation. lie, however, be- 
lieves he has discovered a Rotifer spe- 
cifically distinct from any variety of 
Rotifer vulgaris ; this he would desig- 
nate 

R. inflitlus (xxxviiT. 1-^1). — It is less 
slender than R, milgariSf its rotary organs 
of less size, and ils red specks seated 
very near the jaws. 1-58". In water 
or wet moss. 

Of this species Dujardin infers that 
Ehrenberg htis constructed at least four 
others, according to the rose or yellow 
colour it presents, the fonn of the eyes, 
and the length of the caudal apnendnges, 
viz. Philodtna ergophthalmay P, roseola, 
P. eitrina, P. macrostyla. At the same 
time he would regard P. collar is, P. mc- 
gahtrocha, and P, aculeata as distinct 
forms of Rotifera. 

R. macroceros (Gosse). — Wheels large ; 
antennal process (the respiratory tube, 
Elir.) veiy long and mobile. 1-100". 


Genus ACTINURUS (XXXV. 481-484). — Eyes two, frontal ; foot fur- 
nished with two little horn-like processes, and three toes. In other respects 
the organization resembles Rotifer vulgaris. 

Actinuhus Ntplunius ( Vorticella ro- the case when crawling ; the antenna is 
tatoria, M.). — White, fusiform, gradually : then seen, terminated by a single delicate 
attenuated into a long foot, having three hair-liloj point ; 482, contracted, head 
equal toes exceeding the horn-like pro- partially withdrawn ; 484, the upper part, 
cesses in length. The action of the jaws when the Avheels are extended and in 
in the oesophageal head is often distinctly action ; 483, the oesophagus^ and jaws, 
seen. (xxxv. 481, an animal extended, • separated and extended under pressure.) 
with the wheels withdrawn, whicli is 1-36" to 1-18". ' 

Genus MONOLABI8 (XXXV. 485, 486). — ^Eyes two, frontal red; foot 
with two toes, but no honi-like processes. They arc provided with muscles 
for moving the double rotary apparatus, two for moving the foot, and four 
belonging to the oesophageal bulb and jaws, whicli last are furnished with 
double teeth, or teeth in rows. A veiy short oesophageal . tube and a simple 
conical alimentary canal are seen in both species; one bf them has two 
spherical glands; an ovarium is seen in both, but in neither have fully- 
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developed ova or male organs been observed. In one species, a tactile tube 
is present. 

Mohjolabis co?iica, — $tout, provided diiferent views from the under side.) 
with a ;^ctile tube, or spur, and three 1-120”. 

teeth in each jaw. Between the rotary M. aremlis . — Has a more slender body 
organa the brow can project and resemble than the lost, and two teetli in eachjaw\ 
a proboscis, (xxxv. 485, 486 represent but no tube or spur. Length about 1-200”. 

Genus PHILODINA (XXXV. 487-490 ; XXXVIII. 4). — Eyes two, 
cervical, foot with horn-Hke processes. All the species possess two vibratilo 
or wheel organs upon the breast, and five of them have a froiital ciliated 
proboscis. Longitudinal muscles are distinct in one species, and two for 
moving the foot in six. The oesophageal bulb has four muscles ; its jaws are 
two-toothed in four species, three-toothed in two species ; but in one species 
the oesophageal bulb has not been satisfactorily seen. The alimentaiy canal 
is filiform, with a posterior enlargement in six species ; in one it appears to 
have pouches or poqkets. The glandular or cellular mass surrounding the 
filiform part of the canal sometimes becomes distinctly coloured when the 
creature eats coloured food, and therefore seems connected with the nutritive 
system, and is probably a convolution of caccal appendages. Biliary (?) glands 
are found in six species. The ovary developes eggs, which are usually extruded 
before the young are hatched. Three species possess a contractile vesicle ; one, 
vibratile tags. A tube, in some cases ciliated, is always present at the neck. 
Transverse bands are seen only in P. erythrojjhthalma. Eyes arc found in 
all the species, and nervous ganglia connected with them in P, erytliropli- 
thalma : sometimes the eyes are very pale ; hence a solitary specimen may be 
mistaken for a Callidina, XXXVIII. 14 is a diagram of the head of Philo^ 
divm as viewed in front, and fig 15 of the same viewed laterally. 

Pnii.oT)iNA erythrophthalma (xxxviii. dages attached to it ; so that, when the 
4). — ^White and smooth ; eyes round ; animalcide is fed iipon indigo, it appears 
horn-like processes of the foot short; polvgastric. 1-120”. 
jaws two-toothed. Found abundantly P. macrostyla , — White and smooth, 
during the spring and summer in water- with oblong eyes ; it has three teeth in 
tubs and amongst Confervas, In glass each jaw ; horn like processes of the base 
vessels it increases rapidly ; and, if sup- of the foot long. Found amongst Oscil- 
plied occasionally with two or three stems latoiia). 1-70”. 

of hay, the breed may be preserved for P. citnna» — Smooth, citron-coloured 
years. It is often met with in vegetable in the middle ; extremities white ; eycis 
infusions of different kinds. 1-120” to variable in fonn ; hora-liko processes 
1-48”. slightly elongated. Found amongst Os- 

P. roseola , — ^Body smooth ; eyes oval, cillatoria?. 1-70”. 
hom-like processes of the foot short, P. amleata, — White, provided with 

have observed,” says Ehrenberg, that soft spines ; eyes round. The tactile tube 
this animalcule, when kept in glasses, (antenna) is thickened anteriorly in a 
deposits its eggs in heaps, and the parent globose manner; the jaws have each three 
remains a long time with the young ones teeth, (xxxv. 487, 488 represent this 
produced from them, forming a sort of animalcide ; and 489 the jaws and teeth 
nunily <fr colony, which circumstance we separate.) 1-70”. 
are not to be hindered from ascribing to y,megalotrocha, — ^White; body smooth 

a sense of company or family, though the and short ; wheels largo ; the proboscis 
pride of man may laugh at it.” (xxxv. between them long; eyes oval ; jaws two- 
490 represents one with the wheels ex- toothed. Two straight setae at the end 
tendei ) 1-72” to 1-48". of the tail. 1-216” to 1-108”. 

P. coUaris , — Body smooth, hyaline, or P. hirsuta, — Of a pole yellow co- 
white, eyes round ; a prominent annulus lour, and covered with a short down ; 
or collar surrounds the neck. It is eyes oblong; foot prolonged by dorsal 
especially characterized by the extent of spines ; viviparous. Len^h 1-72" ; of 
the alimentary canal, and wecal appen- egg 1-480”. Berlin. 
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' . FAMILY VIII.— BllACHIONyFA. 

The concluding family of the Rotatoria, BBACiiroNJ3A, is distinguished by 
its mcmbei's having two rotary organs and a lorica. 

The lorica is open at tbo extremities, like a tortoise’s carapace. The rotary 
apparatus is often apparently composed of five parts, three central and two 
lateral ; of which the latter alone belong actually to it, the others being only 
ciliated frontal portions, which during the vibration of the troclial disc remain 
stiffly extended as feelers. Besides these appendages, the disc presents in 
most, perhaps in all the species, two seta), as is seen also in Spichceta, The 
genera Noteus and BracMonus have a forked foot, Anurcea is destitute of 
feet ; and Pterodhia has a suctorial disc at the end of the foot, but no toes. 
All the genera have jaws, with teeth attached to an cesophageal head, having 
four muscles. In Pterodina the jaws are ];)artly two-toothed and the teeth in 
a lino (zjjgogomp7iia, lochogomphia), in the other genera they are many- toothed 
(polggompihia). In Notevs and Pterodina, the alimentary canal is constricted, 
forming stomachs (gasterodela) ; in the rest it is partly simple (coelogastricd), 
partly with stomachs. Glands have been observed in all the genera, as also 
an ovary and contractile v(isiclc. Many species of Anurcea, lirachioiius, and 
Noteus, carry their eggs attached to them, after expulsion. In all the genera, 
except Pterodina, internal tremulous tags attached to the water- vascular 
canals have been observed. A nervous system is supposed to be indicated by 
the presence of red visual j)oints in all, except Noteus, which, however, 
possesses what is believed to be a cerebral ganglion. 

Home of the Brachionoca may become so numerous as to render the water 
milky and turbid. 

Ehrenberg’s classification of this family is given at p. 479. 

It was amongst the Brachiontea that some of the most interesting of recent 
investigations wore first made by Forty, Cohn, and Leydig. Thus, striped or 
voluntary muscles have been noticed in Brachionus militaris by Cohn, and in 
Pterodina by Leydig ; whilst, in the latter case, the same distinguished 
observer alleges that he finds a refracting body in the eye similar to what he 
had detected in Euchlanis and Stephanops, In Brachionus urceokiris and 
mUitans, again. Forty and Cohn have established the existence of dioecious 
sexuality amongst the Rotatoria — ^the male animal, as in the previously de- 
scribed dioecious forms, being devoid of an fdimentary canal ; and to this list 
Mr. Gosse has since added B, Pala, B, ruhens, B. amphiceras, B. angidaris, 
B, Dorcas, and B. Mulhri. Its rarity, and the comparatively short period of 
time during which, according to Forty, the male animalcule of Brachionus 
urceoJaris exists, probably explain why these creatures have been so long over- 
looked. Cohn observed that the contractions and expansions of the contrac- 
tile sac at the base of tho water- vascular canals of Brachionus militaris were 
accompanied by a corresponding motion in their watery contents. At each 
contraction, or systole, a stream was expelled into tho cloaca, communicating 
with tho water in which the creature lived, whilst an opposite movement 
attended the expansion or diastole of the sac. These facts strongly corro- 
borate the supposition that the water- vascular canals are the true respiratory 
organs of tho Rotifera, corresponding with the remarkable analogous organs 
arising from the cloaca of the Hohthurioe amongst the radiated animals ; the 
pure oxygenated water being thus carried to tho fluid distending the body, 
which fulfils the functions of the blood in higher animals, and affording an 
example of the “ Fhlehenterism” of the French naturalist Quatrefages. 

In Brachionus militaris, Cohn has also pointed out the existence of three 
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distinct classes of eggs — ^^z. >\Tntor, summer, and male ova — all diftcring ui 
their form and aspect. 

Getius NOTEUS (X3QCV. 491-494 ; XXXVIII. 25).— Eyes absent; foot 
fiircate {Brachioni wanting eyes). The two-wheeled trochal disc has between 
its portions a three-lobed ciliated brow, but has no long bristle-like feelers ; it 
. possesses (as also does the furcate foot) distinct muscles. The lorica lias spines 
both anteriorly and posteriorly ; an oesophageal head with jaws having many 
teeth (polygompJiia), a constricted alimentary cd,nal or stomach (gasterodela) 
with two large glands, an oviirium, and a contractile vesicle arc to bo recog- 
nized. There is also a trace of tremulous tags, a short and thick water- 
vascular tube, and a largo central ganglion, lying between the muscles of the 
vibratory organs. Dujardin considers the absence of eyes insuificient to 
constitute this a genus aj)art from BraeJuomts. 

NoTEUS<7artr?nro>*nis(xxxv. 491-494; tremulous tags; a short and obscure 
xxxvm. 26). — Lorica siiborbicular, de- siphon between the large spines on the 
pressed, rough and urceolated, with four front of the body. This animalcule is 
^iiies anteriorly and two posteriorly, largo, very transparent, and of a whitish 
Uotary organ simple, with a deep oral colour, (xxxv. 491-493 represent dorsal, 
fossa ; thre(j lobes on its free surface, ventral, and side views ; and 494 the 
Alimentary canal as in Brachionus, A jaws separate, and under pressure.) 
contractile sac on the right of the cloaca Found amongst decayed sedge-leaves 
giving off two canals, each bearing three and Oscillatonm. 1-120" to 1-72". 

Genus AXURiEA (XXXV. 495-498). — Brachionoca with a single cer\ical 
eye, but no foot (Brachioni without feet). In seven species the lorica has 
four longitudinal rows of faoettes upon the back ; in three it is smooth ; in 
thirteen species it is spinous anteriorly, and in seven posteriorly also.- A. 
hiremis has a moveable spine on each side : of one species, only the empty 
shell has been seen ; in the rest the muscles of the rotary organ, but not the 
longitudinal muscles of the body, have been observed. Jaws and teeth are 
seen in nine species. Alimentary canal constricted {yasterodela) in foiu* ; 
simple and conical {cailogastrica) in nine. Two glands are placed at the 
commencement of the alimentary canal ; an ovary is seen in twelve species, 
but a contractile vesicle only in one of the larger and smooth species, in which 
also four tremulous tags are found. In three species siphons emanate from 
the neck. The eye-speck, which is always present, is supposed to indicate 
the existence of a nervous system. In A. squamula, A. curvicomis, A. hiremis, 
A. striata, and A. foliaeea, what is thought to be nervous matter is seen below 
it. Eight species have their eggs attached to them after they are expelled. 
They swim freely, though not very quickly. This genus has the name of 
Anourella, given to it by Bory St.- Vincent, and retained by Dujardin. 


a. Species posteriorly devoid of spines and pedicle. 


Anub^sa (?^ qiiadridentata.-^ljorics, 
oblong, Vith four horns anteriorly, its 
posterior end obtuse, back tessellated. 
1-216" without the horns. 

A. Smmmula (Brachionus Squamula, 
M.). — Smooth, obtusely square, with six 
horns in front, obtuse behind, (xxxv. 
495-497 represent different views of this 
animalcule, the two latter with an egg 
attached.) 1-240". 

X.fdlcata. — Oblong; with six spines 
anteriorly, the two central of which are 


curved outwai*ds, like sickles. Surface 
of the lorica not ridged, but rough ; pos- 
terior extremity obtuse. 1-144". 

A. curvicomis . — Nearly square, with 
six frontal horns, the two middle ones 
larger and curved outwards and down- 
wards. Dorsal surface tessellated; its 
large, red, round eye is seated upon a 

a 3 nervous ganglion the oesophageal 
has three-toothed jaws. This ani- 
malcule also carries the eggs attached. 
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A. biremia . — liinear and elongated, 
with four horns anteriorly; back very 
smooth, and having two lateral spines, 
like oara. The oesophageal head has 
three-toothed jaws. In phosphorescent 
sea-water. 1-144". 

A. striata {Brachionm striatusy M.). — 
Linear and elongated, with six horns in 
front, and four on the abdominal surface 
of the lorica; the back with twelve longi- 


tudinal flutings or rays, and obtuse at 
tho end. This species is very change- 
able in form, owing to the membranous 
lorica yielding to the contraction of the 
body: hence it is sometimes long, at 
others short, sometimes um-shaped, bell- 
shaped, and even almost disc-shaped ; 
the first, however, seems to be the normal 
form. In fresh and salt water. 1-130". 


b. Spinous or attenwited posteriorly. 


A. inermis . — Lorica oblong, attenuated 
and truncated posteriorly ; no spines an- 
teriorly ; back furnished with faint longi- 
tudinal rays. In ptjat- water. Length 
when extended, 1-144". 

A. acuminata . — Lorica oblong, attenu- 
ated and truncated at the posterior extre- 
mity, having anteriorly six sharp-pointed 
horns or spines, twelve longitudinal rays 
on the hack. Amongst Confervas. 
Length about 1-120". 

A. foliacea . — Lorica oblong, six spines 
anteriorly, posteriorly terminating in a 
spine ; dorsal and ventral surfaces longi- 
tudinallv striated ; frontal region rough. 
It has four-toothed jaws, and a central 
ganglion below the eye. 1-180". 

A. atipitata {Itrachionus, M.). — ^Lorica 
nearly squai*e, or triangular ; anteriorly 
six spines ; posterior pointed like a 
pedicle ; tho back tessellated, (xxxv. 
498 represents a dorsal view, with tlnj 
wheels extended.) T^ength about 1-200". 

A. ^ Testudo , — Lorica square, having 
anteriorly six straight spines, all of 
nearly the same length, and posteriorly 
a short one at each corner. Ihe upper 
and under surfaces are rough, the former 
tessellated like Noieus, Length about 
1 - 200 ". ® 


A. serrulata, — Lorica ovate, square, 
with six unequal spines anteriorly, the 
two middle ones long and curved ; it ha.s 
two short spines at the posterior angles, 
which are sometimes scarcely apparent. 
The surfaces are rough, and the dorsal 
also tessellated, like the preceding species. 
Independently of the two wheels, the 
brow has three cylindrical ciliated pro- 
cesses, whicli are truncate at their extre- 
mities. 1-216". 

A. aculmta (^Brachionus quadratm, 
M.). — Lorica square, with six spines an- 
teriorly, the two middle longest; at the 
postenor angles are two long and equal 
spines ; back rough and tessellated, under 
side smooth. At the brow, between the 
two wheels, is a single ciliated frontal 
pixicoss ; a little tactile organ is situated 
in front of the eye. Length 1-144"; 
including the spines, 1-96". 

A. Volga, — Lorica nearly square, with 
six spines anteriorly, tho two middle 
ones the longest ; at each posterior angle 
is a spine of unequal length ; dorsal and 
ventral surfaces rough, the former tessel- 
lated. The jaws are five-toothed, tho 
red eye oval, its longer axis transverse. 
Length, without the spines, 1-210". 


The following species are given by Mr. Gosso (A.nn. Nat. Hist. 1851 , vol. viii.). 


A,Jls8a (Gosse). — Lorica smooth, hya- 
line, swollen at the sides and at the 
back; flattish on the belly, truncate in 
front, without any spines, attenuated 
and truncate posteriorly. There is a 
deep fold running down each side, or 
else the ventral plate is distinct from the 
dorsal ; the ventral is also cleft through 
its medial line; eye very large, pale. 
1 - 220 ". ^ ^ 

A. tecta nearly agrees in form with 
A, curvicomis; but the po.sterior extre- 
mity is rather more pointed, and the 
tessellations are different, being larger, 
and arrraged on each side of a medial 
dorsal ridge, which gives to the back 
the form of a vaulted roof. 1-200". 


A. hrevispina nearly agrees with A. 
acuUata ; but the posterior spines are very 
shf>rt, the ftontal spines are much less 
curved forwards, the surface is not 
punctated, and it is colourless. 1-146". 

A. cochlearis , — Lorica spoon-shaped, 
with six spines in front, the meHial pair 
curving strongly forwarcU; posterior ex- 
tremity attenuated into a long slender 
spine, inclined forwards ; back ridged 
and tessellated, as in A. tecta. 

A. heptodon^Ascomorpha Helvetica, 
Perty. — Lorica of equm width, con- 
tracted posteriorly, ana terminated by an 
upturned tooth in the middle line. In 
: front are four teeth above and two below. 

I 1-12". This species, founded on one 
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iudividual example, resembles I the peculiar upt urned tooth in the niediuu 
but is less Hat, more cubical, and possesses | line, (xxxviii. (>.) 


Genus BRACHIONUS. — ^BrachionsBa which have a single cervical eye and 
a fiircate foot. Figure compressed. Lorica closed at the sides ; open at the 
extremities like a tortoise-shell. Anterior and posterior morgiAs usually 
dentate ; surface either smooth or rough and tuberculatcd, the tubercles on 
the abdominal surface arranged in four lines diverging posteriorly. The 
cuticle, which, accoi-ding to Ixiydig, rests on a molecular layer, resists 
liquor potasste. The frontal processes or tcetli are dentate on their inner 
edge. Animal able to withdraw itself within the lorica. Rotary organ 
simple, and, though often looking as if lolled, presenting an unbroken border, 
except when it is indented by descending to the mouth, whence this bilobed 
aspect ; a median lobe and two lateral ones arise from its free surface. On 
its right and left side are some eminences surmounted by long bristles, in 
addition to a long bristle projecting backwards from each lateral margin of 
the rotary organ. A granular mass, the supposed cerebral ganglion, supports 
the eye-speck, which is extended backwards into two points. A siphon, or 
tactile tube, terminated by a bunch of setie, projects from between the an- 
terior median teeth of the lorica. Two brown vesicles in front of the large 
muscular oesophageal bulb, in which are the toothed jaws ; a short oesopha- 
gus ; and a stomach, the latter composed of coloured cells, ciliated on their 
free surface. In front of the stomach two pedunculate glands. Intestine 
clear and ciliated. Contractile vesicle on the right of the cloaca, with two 
water-vascular canals proceeding from it to tlio neck, where they form a 
plexus and bear two tags. Ovary beneath the stomach. Eggs, accoi’diiig to 
Perty, of three sorts, viz. winter ova, summer ova, and ova bearing male 
embryos. Ova attached to the exterior of the animal. Ji, Pula, B, tirceolaris, 
and B, rubem sometimes increase in su(;h quantities as to render the water 
milky and turbid. Several species are infested with Vorticella^ 
and other parasites, which attach themselves to their shells. Tjike Aaplanchnay 
EuchlaniSj and others, the genus Brachionm has acquired great additional 
interest from the discovery amongst some of its species of the distinct sepa^ 
pai'ation of the sexes. The male Bt'oehioni present a different form to that 
of the female, resembling, in this respect, Asplanchyia Sieholdii rather than 
A, Brightwellii and Jlifdalhia senta, in which the difference of external con- 
tt)urs is mainly one of size. The multiplying discoveries of separate sexes 
amongst the Rotifera, combined with the manifest absence of male organs 
in the numerous individuals provided with ovaries, renders it increasingly 
probable that all the Rotifera will finally be demonstrated to be bisexual or 
diocceous. 


Brachionus Pal/t. — Lorica smooth, 
with four spines in front, and two obtuse 
ones near the opening for the foot. Toes 
of the ^pot apparently bifid. This crea- 
ture swims m a perpendicular position, 
the brow being directed upwards. Each 
law has five teeth ; the alimentary canal 
being constricted, forms a stomach. 
Length 1-36" ; lorica only 1-48" (xxxix. 
14, 15). 

B. amphiceros. — ^Ilas a smooth lorica, 
with four spines, in front and noste- 
riorly ; four sharp posterior teeth are 
chaiacteristic. 1-72". 


B. urceolarts (Brachionus urceolarisy 
M.). — Whitisli ; lorica smooth, with six 
very short spines in front ; posterior ex- 
tremity rounded ; lorica slightly granu- 
lated ; its points are shorter and less 
sharp than in the following species ; 
delicate longitudinal ridges proceed from 
the spines ; the jaws have each five 
teeth. 

The mjiles of Brachionus urceolarts, 
accoi’ding to Berty, are developed from 
smaller ova than the females, these eggs 
being also adherent to the parent in 
greater niunbers. They are very sphe- 



710 


SYSTEMATIC IIISTOEY OF THE INFUSOIUA. 


lical^ reacliing 1-60'" in length and 1-67"' 
in diameter. Their shell is more deli- 
cate and the contents clearer and more 
transparent; as well as of a pale yellowish 
hue instead of the dusky grey of the 
female ova. The former likewise contain 
fewer granules. The development by 
fission similar in both. When the egg 
is mature; it continues to be pale and 
tran^arent. The red eye-speck exhibits 
itself; but the maxillary apparatus; seen 
in the female ovum; is wantmg. On the 
other hand; two or three heaps of dj^k 
granules occur; not seen in the females. 
The embryo escapes from the ovum 
by a transverse rupture; and is then 
seen to have a difierent contour from 
the female. It is but one-third the 
size of the latter; being, when extended; 
but 1-27"' to 1-22'" long; and from 
1-60"' to 1-65'" broad. It is destitute 
of a linn lorica ; short, cylindrical ; pro- 
longed anteriorly into a short head, 
separated by a constriction from the 
trunk ; prolonged posteriorly into a short 
tubular foot about one-fifth the length 
of the body. Head crowned by a flat- 
tened disc, with a wide expanding mar- 
gin, clothed with long vibrating cilia 
and a few non-vibratile bristles. Cilia 
moving with extraordinary velocity, pre- 
venting many being seen at once j but a 
little stiwchnino added to the water 
checks their action and facilitates their 
observation. No mouth is present; hence 
the ciliary wreath is not twined inwards 
at the oral fissure ; the alimentary appa- 
ratus is wholly wanting. A largo pyri- 
form vesicular testicle, 1-100'" in length, 
occupies the middle of the body ; it is 
filled with small dark moving sperma- 
tozoa. The wall of the testime is very 
thick, and elongated at its upper extre- 
mity into a thick cylindrical band, which 
is attached to the cephalic disc. Pos- 
teriorly the testicle is striated longitu- 
dinally, and is perforated by an aperture 
opening into a wide spermatic duct con- 
ducting to the penis. Tho latter organ 
is a short tube usually laid free on the 
foot and nearly extending to its extre- 
mity ; its internal canal and outer mar- 
gin ecjually furnished ^vith vibratile cilia. 
The loot is transversely winkled, and 
ends in two small toes. Near the root 
of the penis are two club-shaped glands 
which pour their secretion into its canal ; 
near these is also a contractile vesicle 
with two water-canals And their ap- 
ended tags. Several spherical cell-like 
odies occur near the head,— the larger 
of these, the supposed cerebral ganglion. 


supporting the eye-spot. Two or three 
vesicles of unceriain character, filled 
with dark granules, rest on the testicle 
near its lower end. The males are much 
rarer than the females, and are not seen 
after the end of May. In fresh and 
brackish waters. Length of females 
from 1-96" to 1-72". (xxxix. 10-20; 
XL. 20-23.) 

B. ruhena (^B, urceolm'isy M.). — ^Lorica 
smooth; with six sharp spines in front, 
osteriorly rounded; the body is red. 
-60". Duiardin supposes this to bo a 
variety of B. tirccolnns. Ijeydig recog- 
nizes its distinctness, (xxxviii. 7.) 

B. (^MUller*ii Brachiomis), — 

Tiorica smooth; with six obtuse spines in 
front, two short ones behind, resembling 
papillfe. This species is somewhat larger 
than B, urceolarisj and has peculiarly- 
shaped frontal spines, '^fhe margin of 
the chin (brow) is smoothly truncate, 
with three faint indentations. Tho lorica 
is voiy transparent. 1-60". According 
to Mr. Goss(}, tho B. heptatomiis found in 
sea-water is identical with this species, 
(xxxix. 13.) 

B. hretnspinm. — I^orica smooth, having 
six acute uneg[ual spines in front, and 
four stout spines posteriorly, the two 
inner ones short ; two sexual glands and 
a contractile vesicle ai'c present. In 
slow running clear water, with Con- 
fervcB. 1-66^'. 

B. Bakeri (M.). — Lorica rough, its 
middle tessellated on tho dorsal suriface ; 
six unequal acute teeth anteriorly, two 
elongated (lateral and dorsal) spines 
posteriorly, and short ones at the sheath 
of tho foot. The lorica is covered with 
delicate granules ; those upon the middle 
of the ventral surface are arranged in 
parallel but somewhat cuiwed lines. 
1-220" to 1-60". (xxxviii. 8, 9, 10-17 ; 
XL. 16.) 

'^The following interesting observa- 
tions as to the development of this .spe- 
cies have been commuuicrated to me by a 
friend, an accurate and diligent observer 
of nature : — About two o’clock B, Ba- 
kcri was observed with one egg placed 
externally between the two ptosterior 
spines of the shell, and another small 
egg in the left side of the animal, which 
increased much in size in the course of 
the day. At nine in the evening a 
motion was perceived in the exterior 
egg like that of the muscular oesophagus 
of the parent ; and about this time tlie 
internal egg was protruded and placed 
by the side of the other, being longer 
than it. At eleven the young Brachionus 
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burst with a bound from the egg in 
which the motion was perceived, and 
aihxed itself by its tail to the lunette. 
At first it hod the appearance^ of an 
oblong ball ; by degrees the anterior part 
spread, and the wheel processes were 
developed. Soon after, the posterior shell- 
processes were visible in a semilunar 
shape, with the noints nearly touching 
eacn other, whicn gradually expanded. 
The shell of the egg remained attached 
to the parent in the same position, quite 
transparent, with a longitudinal split 
through the whole length.” (BrightweU, 
op, cit,') 

B. pohjacanihus (M.). — Lorica smooth, 
having anteriorly four long dorsal teeth 
or spines, six short ones at the margin 
of the chin ([ventral), and posteriorly 
five dorsal spines, the two external or 
lateral ones very long. xxxv. 490-501 
rmu’esent dorsal, side, and under views 
oi this animal, — the first having the 
wheels extended, and the side view 
showing the siphon or so-called respi- 
ratory tube and an ovum attached. 
Len^h, without spines, 1-110”. xxxviii. 
U, 16 represent diagrams of the head. 

B. militmns, — Ijorica with surface . 
divided into twelve ri'gular pentagonal 
facettes, according to Cohn ; its anterior 
border with several spinous processes; 
and posteriorly is a deep median ex- 
cavation with a curved norn on each 
side. The spines, 10 in number (not 12 
as aifirmed by Ehrenberg), viz. 2 lateral, 
4 abdomimil, and 4 dorsal, the latter the 
largest^ head larger than that of B, ur- 
expanded in a funnel-shaped 
manner, surrounded by a circlet of cilia ; 
its eversion is checked by the stiff spines 
of the loiica. Foot smaller and shorter 
than in B, urceoluHs. (Esophageal bulb 
quadrangular. On (jach spine fonning 
the outer posterior angle oi the lorica is 
a circular pit with well-defined marmn ; 
from this proceeds a bunch of short 
bristles. Muscles of foot and head striped 
transversely. Contractilo sac very largo, 
occupying two-thirds of the abaominal 
cavity on the right side of the animal ; 
it consists of two chambers, the ovate 
posterior one being the larger, their con- 
tractions being alternate ; the posterior 
dne opens into the cloaca by a short 
duct. On mingling coloured matter with 


the water, Cohn observed that uu each 
systole or contraction a stream escaped 
from the sac, through the cloacal open- 
ing, and that on the diastole this move- 
ment was reversed, indicating a respi- 
ratory action, (xxxix. 21, 22 represent 
the aodominal and dorsal surfaces of the 
female.) The ova are of three sorts : — 
1. Winter ova, 1-21'” long, 1-33'" wide, 
elliptic, with thick, hjathery, opaque 
waDs, the yelk not occupying the poles 
(xxxix. 23) ; 2. Ordinary or summer ova, 
of similai* dimensions, but with thin 
transparent walls ; 3.. Male ova, only 
1-34”' long and 1-42”' broad (xxxix. 
24). Shell thin. Yolk subdividing in 
the usual way, and developing an em- 
bryo provided with a red eye, and two 
dark specks, but no maxillary organs. 
Cohn saw only one specimen freed from 
the egg, and that imperfectly. It ap- 
peiu*ed similar to the male *^of B. ur~ 
ceoUiris, 

B. Oon (Gosse). — Lonca ovate, the 
batdc swelling with a unifonn curve, by 
which it is distinguished from B. Pala, 
which is truncate or slightly clavate 
posteriorly ; anterior spines four, straight, 
wide at tne base, and pointed ; the occi- 

f itnl pair taller than tne lateral. I^orica 
-12/V'. 

B. Dorcas, — ^Lorica ovate or sub-coni- 
cal ; occipital edge with four long slender 
spines, the middle pair curving forwards, 
and bent fii*st from, and tlien towards 
each other, like the homa of an antelope ; 
mental edge undulated, with a notch in 
the centre. Lorica 1-60". (xl. 11 re- 
pi’esents a nowly-bom female, and fig. 12 
a newly-bom male.) 

B. antjularis, — Tjorica in the female 
hexagonal-oval in the dorsal aspect^ occi- 
ital edge with two small teeth, divided 
y a rounded notch (in some specimens 
there are obsolete traces of a lateral 
pair) ; mental edge slightly undulatc^d, 
sometimes with two low points, divided 
by a notch like the occiput, but still 
more faintly; posterior extremity with 
two short, blunt, well-marked processes. 
Tin? general surface is roiigliened with 
angular ridges, and is sonietinies sub- 
opaque and brown. Lorica 1-2(X)". 4'his 
curious species has relations with Notem 
and with IHeroelitm, (xn. 10 represents 
a male of this species. ) 


Ocmis FI’ERODINA. — The winged Rotatoriii include such Brachion»!i as 
have two frontal eyes and a simple stylilbnn foot projecting from the middle 
of the body. All the species have ft smooth, flat, and soft lorica, like a tor- 
toise-shell, with curved margins ; as also a more or less double rotaiy appa- 
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ratus^ and a simple foot with a suction-diso and sometimes a bunch of cilia 
at its extremity. F. elliptica has a hairy process projecting between the two 
lobes of the rotary organ, and P. Pathia has a rounded prominence in a similar 
position on the dorsal surface. Muscles, ofte^ transversely striated, occur in 
all the species, as also a constricted alimentary canal with glandular appen- 
dages and an ovarium. Some have a contractile vesicle and a water- vascular 
system. 


Pterodina Patina {Brcuihimm Pa- 
tina^ M.). — Figure round, or oval com- 

f )rosscd. Lorica membranous, crystal- 
ine, somewhat scabrous near its broad 
margin, and slightly excavated anteriorly 
between the two lobes of the rotary 
organ. The latter not double, as de- 
scribed by Ehrenberg, but with an an- 
terior ana posterior depression, from the 
latter of which extends a single rounded 
process. Cilia in two rows, prolonged 
to the oisophageal bulb. Stomach ciliated 
internally, widely expanded posteriorly. 
Short intestine also ciliated, and termi- 
nating at the base of the foot. Two 
pyriform glands in front of the stomach. 
Two red specks opposite the margin of 
the rotary organ ; tlieir red pigm(3nt has 
a sharp spherical figure j according to 
Leydig, an obvious refracting body pro- 
jects from the anterior convex edge of 
each. Two largo longitudinal muscles. 
On each side of the stomach a water- 
vascular canal, but without either tags 
or contractile sac. Ovaiy horseshoe- 
shaped. Free extremity of the foot with 
a bundle of setas. 

This animal was noticed by Perty to 
have the peculiarity of assuming an ap- 
parently lifeless state for half an hour or 


an hour at a time, lying in one spot, 
often on the surface of the water, with 
no other sign of life than that afforded by 
movements of the cesophageal cilia, and 
occasionally of the jaws. 

This species is very delicate and tran- 
sparent. XXXV. 602 represents a side 
view, and 60il, 604 imaer views, — the 
latter having the wheels extended, the 
fonner having them withdrawn, and the 
anterior margin bent in, so that the eyes 
appear near the middle of the lorica. 
Ine internal organization is further 
shown in xxxvin. 29. Found in sum- 
mer among Lemnoi and Ceratophylla, 
Length about 1-120". 

P. eUiptica. — Lorica membranous, el- 
liptical, with a narrow, smooth margin, 
front entire (not excised). The two 
wheels united by a brow fiimished with 
setae. Eyes distant. Amongst Con- 
fervas. 1-120" to 1-108". 

P. clypeata {Brachionus clypealtiSf M.). 
— Lorica membranous, oblong, narrow, 
smooth at the margin ; there is a frontal 
portion, or brow, connecting the two 
wheels, but no setae. The eyes approxi- 
mate. (xxxv, 606 a dorsal view, with 
the wheels extended.) In sea-water. 
Length 1-120" j the shell 1-144'C 


The next genus, Pompholyce, instituted by Mr. Gosse, is considered by him 
to be a member of this family. 


Genus POMPHOLYX (Gosse, A, N, H, 1851, vol. viii.). — Two frontal 
eyes ; foot wanting ; rotary organ double in the rear, entire in front ; eggs 
attached behind after deposition. The name alludes to the resemblance of 
the lorica to a round flat smelling-bottle. 


PoMPHOLYX complanata. — Lorica 
much depressed, nearly circular, with 
the laterm edges rounded ; anteriorly 
truncate j occipital edge gradually rising 


to a central blunt point; mental ridge 
with two rounded lobes, divided by a 
central notch. Lorica 1-300". 


Of the ensuing genera, established by Ehrenberg, wo have only met with 
the description of species ; of one, indeed, with only a sketch of its relations. 

Genus LARELLA (Ehr.). — The following species of this new genus, the 
characters of which we have not met with, is named by Ehrenberg. 

Larella — Body with equal eyes.' Length 1-190" to 1-280". Berlin. 
Botce, and three long fine hairs placed on Wemeck has also seen this species, 
each side the mouth, with two frontal 
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Genus TETRASIPHON (Ehr.). — ^We have not met with the detail of the 
generic characters, but they may be gathered from the description of the 
following species : — 


Tetbasiphon Hydrocora, -at Very 
large, hyaline, with two prominent tu- 
bular occipital organs, and other two 
near the termination of the back ; pan- 
creatic glands four, globose; jaws bi- 


dentate, with the oblique rotary organ 
of Pleurotrocha, Foot with slender, long 
and acute toes; eye occipital. Length 
1-36" and upwards. Berlin. 


Genus DIPODINA. — Characters unknown. 


Dipodina ArtUcon (Ehr.) (Mentioned 
in Reports of Zoology, Ray Society). — 
Approaches Notommata^ but dilFers by a 


particular constriction of its tarsal nip- 
pers (toes). Found by Ehrenberg at 
Wismar, on the Baltic. 


The genus Poltch^etus (XXXVIII. 31, 32) of Perty is supposed by Leydig 
to be a Crustacean. Cyphonautes is also regarded by the same observer as 
dubious ; whilst, as we have already observed, he regards Ptygura and Qleno- 
pJwra as undeveloped forms of other species. 


OF THE GROUP TARDIGRADA. 

The creatures thus named are introduced here as a group, inasmuch as they 
cannot be included amongst the Rotatoria. Some remarks on their organiza- 
tion will bo found in Part I. (p. 482) of this work ; and hero I shall introduce 
further particulars, cliiefly derived from the first edition of this work (1834), 
p. 182, and from Dujardin’s Hist, ties Infusoires, p. 661. They have oblong 
bodies, contracted into a ball; furnished with four pairs of short feet or 
mammilliform processes, each terminated by simple or double hooked claws ; 
mouth very narrow, siphon-shaped; with an internal maxillary apparatus 
composed of two lateral moveable pieces, and of a strong muscular oesophageal 
bulb, furnished with liorn-like dental articulated processes. 

The Tardigrada stand on the one side between the Rotatoria (Systolides, 
Duj.) and the Helminthidae, and on the other betw'een the Annelida and 
Arachnida. 

These creatures are usually found attached to aquatic plants which float 
upon still wrater. I first obtained them from ponds in the Regent’s Park. 
By placing some water with the plants in a common white hand-basin, and 
shaking the vegetation, they are detached and fall to the bottom of the basin, 
from whence they arc readily taken. They arc generally met with, in com- 
pany with the larger kinds of Rotatoria, in moss. They are very sluggish in 
their movements, and are commonly known under the name of littlo water- 
bears.” Under the polarizing microscope the manducatory apparatus exhibits 
the same appearance as horn. They are capable of resuscitation after being 
dried. They vary in length from 1-20'' to 1-50". 

M. Doyere, in an elaborate Memoir in the ‘ Annales dcs Sciences,’ has 
divided the Tardigrada into four genera : — 

Genus EMYDIUM. — Body oval, anterior part narrow, and terminating in 
a pointed mouth, near to which, on each side, arc fiesh-like papilla). ,JFeet 
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armed with four distinct claws; colour reddish.. Found among moss {Bryum), 
(Figs.!, 2.) 

Genus MACROBIOTUS. — Body more cylijidrical ; obtuse anteriorly ; no 
setse ; each foot furnished with two daws. Found with the preceding ; also 
in rivets. (See fig.* 6.) 

Genus TARDIGRADA. — Body stout, oblong ; mouth not so sharply pointed. 
Found in stagnant water, on aquatic plants, and on the Uyj^num Jfliuixois. 
(Sec figs. 3, 4, 5.) 

Genus MILNESIUM. — Characters unknown. 

For further particulars consult the General Histoiy, at p. 482 of this work. 
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OF THE GROUP BACILLARIA. 

Sub-group DESMIDIEjE ob DESMIDIACE^. 

(Page 1, Plates I., II., III., XVI.) 

[Class Alo^, Order ChUrospermecey Family Desniidiaceoe of Botanists.] 

Cells of two symmetrical valves, devoid of silcx, mostly figured, their junc- 
tion marked by a pale interruption of the endochromo, frequently also by a 
constriction ; increasing by the formation of two new half-ceUs, which become 
interposed between the older, so that the two newly-produced cells consist 
each of a new and an old half-cell ; the transverse division complete or incom- 
plete, the cells thus either free or forming a filament; endochromo green, 
occasionally converted into ciliated zoospores (in the single known instance, 
escaping by an aperture at the apex of one or more specially formed lateral 
tubes) ; reproduction by conjugation of the contents of two distinct cells, and 
the formation of sporangia, the contents of which, in after-development, be- 
come segmented into a definite number of individualized portions, the last 
generation of which are set free by the bursting or solution of the containing 
membrane, and become the first fronds of a new vegetative cycle. 

Wo believe the foregoing diagnosis will apply to and include all the species 
which wo look upon as undoubtedly belonging to tliis family, and which arc 
introduced into this work. The claims of the genera Cylindrocystis and 
Mesotaenium, as true members of the Dcsmidiacem, not appealing, so far as 
wo can judge, to be satisfactorily established, they are omitted. 

The wonderful variety of form and beautiful symmetrical diversity of out- 
line of the members of this family have been dilated on at length in the 
General History. It seems to us, with regard to the mode of cell-division 
in the true species of this family, that, normally, the preliminary step in the 
process is the separation of the cell-contents and the formation of a septum 
at the central suture, the two halves of the contents becoming thus indi- 
vidualized, whereupon ensues the growth and extension of the primordial 
utricle and contents, concurrently with the production of the intermediate 
cell- wall ultimately to form the two new segments, and either complete sepa- 
ration taking place, or the cells remaining united in more or less brittle 
filaments. 

Many of the species, probably aU, seem to be liable to an abnormal mode 
of growth, resulting from the incomplete carrpng out of this process, when 
the new growth forms an intermediate, freciuently misshapen structure, pro- 
ducing with the original segments but one uninterrupted cavity, — this irregu- 
larity seeming to be primarily due to the omission of the formation of tho 
septum on the recommencement of the vegetative growth (111. 01, 02) : vide 
Mrs. H. Thomas, J. M. ScL vol. iii. pi. 5. figs. 17 & 18 ; also M. de Brebisson, 
Mstey &c. pi. 1. fig. 15 ; and Mr. W. Archer, Froc, Nat. Hist. Soc. Duh. 1859, 
vol. ii. pi. 1. figs. 9-15.) An inspection of several of the latter figures will, 
however, show that tho intervening structure, in the first instance (from the 
foregoing cause, as wo imagine) rendered abnormal, is not always absolutely 
shapeless or irregular in its form, but sometimes, its axis of growth striking 
off at right angles to that of tho older segments, assumes the form and often 
the size of an entire frond. iSometimes, indeed, not only is the axis of growth 



716 


SYSTEMATIC HISTORY OP THE INFC SORIA. 


at right angles to that of the original segments, but its plane of expansion is 
at right angles to their plane. In each of these latter cases the entire ab- 
normal specimen, therefore, forms a cross, — ^the interior hero, of course, as 
well as in those cases where the intervening growth does not assume any 
definite outline, making but one uninterrupted cavity (III. 61). The omission 
of the formation of a septum, however, can only be looked on as the primary 
cause of the aberration, the curious change in the direction of the new growth 
not necessarily following, as the figures, pi. 1. f. 9-11 (Joe, cit.) seem to 
prove (III. 62). 

The assertion that zoospores occur in this family is biised upon the observa- 
tions made by Mr. W. Archer on Docidium Khrenhenjii (Eolfs), and recorded 
and figured in Proceedings Nat. Hist, Soc. Dublin, February 1860 ; also Nat, 
Hist, Review, July 1860. These observations, though unfortunately and 
unavoidably not so full in their details as the interest of the case would lead 
us to wish for, seem to warrant the assumption tliat the species of tliis family 
may be occasionally pro])agatcd by zoospores, predicating of the family that 
which seems to hold in the species in question (Docidium Ehreuhergii). l*edi- 
astresB are of course not taken into account. Briefly, the phenomenon alluded 
to is as follows (III. 46, 47) : — From beneath the base of one of the segments, 
either one, two, or three (the latter rarely) lateral tubercle -like projections 
are formed, originating not from any portion of the segment itself, but from 
an extension thereto produced between the inflated base and the sutural line. 
When more than one is formed, they are usually opposite, but sometimes side by 
side. A gradual elongation of the projection (or projections) then takes jdace, 
tho endochrome in the immediate neighbourhood becoming finely granular, 
and filling what has now become an elongate lateral tube (or tubes) like the 
finger to a glove, the remainder of the endochrome being as yet not much 
altered, and the terminal clear space with the active granules being still in situ. 
The endochrome within the lateral tube and in its immediate neighbourhood 
now becomes segmented into a number of definitely bounded individualized 
portions, which presently one by one emerge through the opened apex of the 
lateral tube, and become associated together in an external cluster. The 
remaining endochrome now becomes drawn into bands, turns brown, and 
speedily dies. The cluster of gonidia at the apex of tho lateral tube now 
appear to have become encysted each within its own special coat ; and the 
green contents can be seen twisting backwards and forwards within the con- 
fining membrane. After a time the contents emerge each from its cyst, by 
rupturing it, and slowly swim away as pyriform or ovate ciliated bodies, — 
as wo apprehend, veritable zoospores. The author was entirely unacquainted 
with their after-history ; but they resemble so much, in their appearance, 
growth, and mode of escape from the parent-cell, the similar bodies in Cla- 
dophora, &c., which are indubitable zoospores, that we imagine there can be 
little question as to tho nature and function of the bodies occurring in Doci- 
dium. It will be noticed that this phenomenon is altogether distinct from, 
and wo believe in no way to be confounded with, that of tho active mojlecular 
moviement of the ultimate granular particles of the endochrome alluded to at 
pages 10 and 19 of the General Histoiy, — a circumstance which, indeed, some- 
times accompanied the special one here described, in Mr. Archer’s specimens, 
but sometimes did not, and which is one of very general occurrence under 
other circumstances and in other cases, and has probably given rise to the 
assumption, often made in our English books, that zoospores occur in the 
Dcsmidiaccae. Nor is the production of zoospores hero briefly described to 
be in any way confounded with the development of the parasitic plant Pythium 
entophytum (Pringsheim), nor of any species of Chytridium (Bmun). The 
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former, indeed, is sometimes met with in various Desmidians, such as 07os- 
terium Lunula^ &c., as well as other Algae. For a figure of this curious 
parasitic growth attacking viridis (de BarjO (=C'A?oro.sjp7ioBm 

Oliveri^ Henfrey, the former name having, we arc inclined to think, the 
priority), vide * Micrographic Dictionary,’ 2nd ed. pi. xlv. fig. 8. There can 
be little or no doubt that some such parasite as that alluded to attacking 
a species of Closterium has given rise to Ehrcnbcrg’s genus Polysolenia, 
admitted indeed into the Desmidiaceae by Kiitzing, but which we here cannot 
but exclude. 

The act of conjugation and formation of sporangia is not uncommonly to 
be met with in several species. The after-development of the sporangium 
seems to have been but very rarely witnessed; and the statement made in the 
diagnosis is founded on the account given by M. Hofmeister (I, r.), nn extract 
from which is given at page 17 ; also on the very similar account given by 
M. de Bury, ‘ Uutci-suchungen liber die Familio dcr Conjiigaten:’ vide pi. 0, 
showing the development of the sporangium of Cosniarium Botrytis (III. 48- 
64), and of G. Meneghinii (III. 55-60), the number of sister-cells formed 
within the sporangium being fewer than in the instances cited by M. Hof- 
meister. But although, in the cases cited by M. de Bary, the cells resulting 
from the segmentation and individualization of the contents of the sporangium 
are eventually of a Cosmarium -shape, it is, however, not until the young 
fronds commence self- division in the ordinary way, that the firat-formed 
young segments wholly assume the special characteristics of the species ^III. 
52, 5 : 3 , 54 & 58, 59, 60). 

The nearest affinities of this family seem undoubtedly to be, on the one 
hand with the Diatomacoao (with which family, indeed, they were long 
associated), and on the other with the Zygnemaceae (Conjugat®) ; while to 
the Palmellacc® they also approach through the genus Penium, connected 
with Cylindrocystis and Mesotaenium = Palmoglcea (Kg,), 

It will be at once soon that the following ari'angcmcnt of the species is for 
the most part based on that laid dowm in Ealfs’s ‘ British Desmidie®,’ 1848, 
in addition to which the following works have been consulted : — Kiitzing’s 
‘ Species Algamm,’ 1849 ; Niigeli’s ‘ Einzelliger Algen,’ 1849 ; Bailey’s 
(Smithsonian Contributions to Knowledge) ‘ Microscopical Observations made 
in South Carolina, &c.’, 1850; Brebisson’s ‘ Liste des Desmidiccs observees 
en Basse Normandie,’ 1856 ; de Bary (op, cit,)y 1858 ; Papers in ‘ Nat. Hist. 
Review,’ by Rev. R. V. Dixon and by Mr. Archer, 1858-60. The first and 
second of a scries of papers bj'’ Dr. G. C. Wallich, F.L.S., descriptive of some 
beautiful and interesting species of Desmidiace® collected by him in Bengal, 
had just made their appearance (‘ Annals Nat. Hist.’ March and April, I860) 
when we were obliged to go to press. It has seemed to us more advisable to 
omit any description of those species than to introduce a few only without 
having it in our power to do so with the whole. In indicating the sources 
whence wo have been able to derive information as to foreign species, it is 
our pleasing duty to acknowledge the generous and courteous assistance of 
M. de Brebisson in affording by letter the requisite information which that 
distinguished and experienced observer has so largely at his disposal, and 
without which our own acquaintance with the Continental forms not known 
in this country would have been far more circumscribed. 

The following genera included in this family by Kiitzing in * Species 
Algarum ’ are here excluded, as we conceive either that they are not truly 
Desmidian, or the unnecessary splitting up of older genera : — 

Trochiscia, excluded ; Tetraedron, excluded ; l^ithisc\ia==Cosmariumpyra* 
midatum (Br4b.); Stauroceras as Closterium, in part; Polysolenia (^.)sssa 
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Closterium attacked by a parasitic growth (?) ; Microtheca, excluded ; Poly- 
edrium, excluded ; Zygoxanthium = Xanthidium, in part ; Phycastrum, Asto- 
roxanthium, Stophanoxanthium,=Staurafltrum ; Grammatonema, a diatom; 
Bambusina = ; Isthmosira=Sph8erozosma ; Eucampia, 

a diatom ; GemineUa, excluded ; Baphidium a Ankistrodesmus ; Oocardium, 
excluded. 

The other genera included by Klitzing are placed here as a distinct group, 
Pediastreae. 

Didymocladon (Ralfs) seems not distinguished from certain Staurastra by 
characteristics sufficient to separate it from them ; wo have therefore united 
them, in which wc follow Brebisson. 

As to the new or altered genera proposed by Niigeli and do Baiy, founded 
rather on the mode of disposition of the endochromc than on the external form, 
although we do not venture to deny its probably great importance, yet it 
seems to us that the characters relied on are in many instances not sufficiently 
constant for the purpose, as well as that several of the known Dosmidian 
species could not bo satisfactorily or indubitably referred to the particular 
genus to which, judging from analogy, they ought to belong ; neither, indeed, 
does it seem, so far as wc can judge, that those writers are themselves satisfied 
as to the proper place of certain species, nor docs the system, as yet, appear 
quite without the disadvantage of disassociating kindred forms. We bcHeve 
we arc fortified in the opinion we here endeavour to express by that of M. de 
Brebisson. The genera Cylindrocystis and Mesotasnium are here omitted from 
this family, as tlicir claims to admission scarcely seem as yet indubitable ; 
moreover, there seems to us little certainty as to the limitation of the species 
hitherto described by Kiitzing and others. 

If we have omitted some of the species described by the various authors 
before cited, it is from a conviction that, when either not satisfied as to their 
absolute distinctness, or unfurnished with what we could look upon as suffi- 
ciently exact details, it was the safest course wo could pursue, — as it seemed 
to us better to leave out a few species, than to insert them with a description 
which, owing most likely to our own want of perception, might prove insuf- 
ficient or inaccurate. On the other hand, some may think wo have admitted 
too many species, and that certain of the forms hereafter described may be 
but “ varieties ” of whichever may be assumed as the typical specific form ; 
but in this conclusion wo cannot coincide, os we are disposed to believe that 
the species hereafter described (with possibly, indeed, a few rare exceptions) 
are quite distinct, and, at least so far as British or Irish species are concerned, 
are always perfectly distinguishable. 

An ingenious method of succinctly expressing by means of symbols the ex- 
ternal characteristic forms of the genera Tetrachastrum, Micrasterias, and 
Euastrum, was propounded in a paper by Rev. R. V. Dixon, read to Nat. Hist. 
Soc. Dub., 3rd June, 1859. We append his own explanation, as the best that 
could be given : — 

The typical mode of division [in the genera above named] (as exemplified 
in Ewistrum pinruitumy E, ohloingumy &c.) appears to be into three portions or 
subdivisions , — ^the first, next the line of separation of the segments, extend- 
ing across the frond, and embracing the two basal lobes ; the second including 
the median lobes ; and the third, the extreme or end lobe. This last, or third 
subdivision, is the most constant. The two former are frequently represented 
by a mere sinuosity or shallow indentation where the third is distinctly deve- 
loped ; but wc never find the first subdivision distinct, and the second and 
third imperfectly separated. The whole three, indeed, may be merely marked 
by slight sinuosities, as in Euastrum cuneatum ; but if any one is separated, it 
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is the third. And this, I may observe, is the order of development of tho sub- 
divisions in tho growing segment of the typical Micrastcrias : the new seg- 
ment is first hemispherical; the third subdivision is then developed; and 
afterwards the first and second are separated. 

For tho purposes of description these three subdivisions might bo denoted 
by the letters a, h, c, and their partial or complete development marked as 
follows : — When the subdivisions are distinctly separated, their symbols might 
be separated by commas, thus, a,b,e; when any two or more are merely 
marked by a sinuosity, they may be represented thus, a'^h ; and if there is 
no trace of separation, thus, ab ; and if, at the same time, the direction of the 
lines separating tho subdivisions were noted, the full description as regards 
the dmsions of the segments would be given. Thus — [See page 721. J 


CONSPECTUS OF THE GENERA. 
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/Joints many times 
■ longer than 
broad ; noitlier 
constricted nor i 
witli lateral teetli 
or projections. 


Joints mostly 
broader tlian 
long, Boldoin 
slightly longer 
than broad; more 
or less con- 
stricted, or with 
lateral teeth or 
angles, or other- 
wise figured 


Filament not at- 


Filaracnt attached.. 


/ Endochromc arranged 

in spiral bands Gemculaiua. 

Liumuiii, not Endochrome a simple 

^ * central longitudinal 

contracted band ... Gonatozyoos. 
Endoehrorne a single 
longitudinal flatten- 
ed band Leptooystinema. 

^Joints constricted or 
with a projecting an- 
nular rim at one or 

both ends IIyalotiieca. 

Joints with a bidentato 
process or angle at 

. opposite sides Didymopriijm. 

( Filament 3-4-angu- 
lar ; joints having 


^Filament cylindri- 
cal or subcylin- 
drical 


f Joints not con- J 
stricted . 


i 


B 

:3 

Vg 


Joints more or 
less deeply 
constrict^ . 


the external margin 
plane or sliglitly cre- 
nated, united to each 
otlier by projections 
springing from tho 
outer portion of each 
extremity, thus pro- 
ducing intervening 
central foramina ... Aptooonitm. 
f Filament 3^-Bngu- 
lar or compressed ; 
joints either closely 
united by a thick- 
ened border for their 
entire end-margin, 
or by projections 
producing interven- 
ing central foramina, 

as in last J)e.smidium. • 

Filament compressed; 
joints united to each 
other by minute tu- 
bercles or gland- 
like processes SpiiAiRozosMA. 

Filament compressed 
or 3-angular ; joints 
without intermedi- 
ate tubercles or pro- 
^ cesses SpoNDYLosinn. 



Cells free (owing to complete transrerse division). 
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( Fronds deeply con- 
stricted ; seg- 
ments more or 
less deeply lobcd, 
or if merely un- 
dulate or taper- 
ing, the ends 
acutely notched.. 


( Frond often as 
broad as long, 
rare^, if ever, as 
much as three 
times longer than 
broad. Sporan- 
gia mostly orbi- 
cular and spi- 
nous, rarely orbi- 
cular or quadrate 
and nak^ 


( Semnents 3-lobed, lateral 
lobes attenuated, their 
apices entire or bifid. . . 
Segments :)>5-lobed, la- 
teral lobes expanded, 
incised, their external 
margins dentate or 

rarely sinuate 

Segments 3-5-lobed, or 
sometimes only late- 
rally emarginate or si- 
nuate, undulate or 
tapering ; lateral lobes 
rounded, entire, or si- 
nuatoly emarginate ; 
end-lobe mostly cen- 
trally emarginate or 
concave, the segments 
with variously disposed 
inflated circular promi- 
nences (the two latter 
characters never simul- 
taneously absent*) . . . 
^Segments not lobcd, en- 
tire, mostly rounded, 
rarely undidate at the 
margin, ends never 
emarginate, sometimes 
with a solitary central 
inflated prominence on 
each front surface ; 
without spines or pro- 


Fronds distinctly, 
mostljr deeply, 
constricted; seg- 
ments mostly en- 
tire, or if some- 
what undulate, 
the ends not 
notched 


Frond mostly many 
times, rarel;p less 
than three times, 
longer than 
hrcSid. Sporangia 
smooth (Penium^ 
annuXatwn and 
Spirottenia mm- 
cicala are some- 
times not more 
than twice as 
long as broad)... 


f Frond dis- 
tinctly con- 1 
stricted at *' 
the middle. 


Segments compressed, 
entire, spinous, with a 
central circular, cylin- 
drical, or conical pro- 
jection on both front 

surfaces 

Segments compressed, en- 
tire, either with two or 
with four acute teeth 
or simple or geminate 
subulate spines placed 
on the external angles 
or prominences, with- 
out a central projec- 
tion 

Segments in e. v. angular 
or radiate 


Ends trilobed. 


Segments in- 
flated at the j 

base I Ends truncate. 

Segments not 
inflated at 

the base . . . Ends notched. 
Frond curved or arcuate, 

not constricted 

Frond straight, ends 
truncate or rounded, 
scarcely or not at all 

constricted 

Frond straight or nearly 
so, endo^rome spi- 
rally twisted 

* Eiiastrim crenatum (Kg.) is perhaps an exception. 


Frond either not at 
all constricted, or 
with a slight and j 
gradual attenua- 
tion towards the 
middle 


Tbtrachastrttm. 

Mtcrastrrias. 


Euastrum. 


CoSMARIUM. 

Xanthidium. 


Arthbodesmus. 

Staurastrum. 

Triploceras. 

Docidium. 

Tetmemorus. 

Olosterium. 

Penium. 

Spirotania. 
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[Proitisitnially included. "I 

Cells clongato, attenuated, entire, aggregated into faggot-like bundles... Ankistrodesmus. 
Cells rounded, compressed, deeply constricted, stipitate Cosmocladium. 


“ Ehastrum mneatum would be represented by a^b'^c, 

Euastrum pimiatiim, „ „ a, b, c, parallel. 

Euastrum ohlontjumy „ „ a, 6, c, subradial. 

Micrasterias denticvXatay „ „ a, 6, radial. 

Euastrum pectinatum, „ „ r, parallel. 

Tetracliastrum „ „ aft, c, parallel.^’ 


The following contractions are employed, which may require explanation : — 
f. V., front view ; s. v., side view ; e. v., end view ; tr. v., transverse view ; 
e. f., empty frond; L., length, Ih, breadth, of frond. The measurements are 
expressed in so many fractions of inch by the use of two acute marks, thus, 
L. I -598" = length of frond ^^^th of an inch. In most of the foreign species 
we arc without the data to give measurements. (r.Ih, (xreat Bntain ; I., Ire- 
land ; F., France ; G., Germany; U.S. A., United States of America, refer- 
ring to the record of the occurrence of the speiiics in those countries. It is 
believed that even this rough attempt at an indication of the distribution of 
these organisms may not bo altogether without its use. Doubtless many occur, 
and perhaps different forms, in other countries of Europe ; and information 
is much w^anted in this respect us to other parts of the ’world. 

Where a species occurs under another name in the W'orks above cited, wo 
have, as far as possible, given the synonym, but should it occur there under 
the same name, it is not repeated. 

The characters printed in italics arc such as immediately distinguish each 
species from its nearest allies, and, the genus being known, are probably 
those which should bo first consulted ; but it is always requisite to peruse the 
whole of the characters applicable to each species and genus, with a view to 
render the identification accurate. 


A. Plant an elongated jointed filament. Sporangia orbicular ^ smooth. 
1. Joints many times longer than broad. 


Genus GENICULAKIA (l)e Uary). — Filament cyhndrical ; joints elongate, 
cylindrical, without a constriction or inflation, ends truncate ; endoehrome 
arranged in two or three spiral hands upon tho cell- wall, sometimes irregular. 
Joints previous to conjugation disunited, and bent during the process ; spo- 
rangium placed between tho empty conjugated joints. 


Oknioularia spirokenia (l)e Bary). | 
— Joints ton or twenty times as long 
a^ broad, very slightly enlarged towards 
their emds, on the outer surface rough 
with minute scattered granules. Spo- 


rangium orbicular, smooth, placed be- 
tween the conjugating joints, which are 
bent into a knce-sliapo, with which it 
remains for some time in connexion. 
"B. 1-130'"-1-100.'"” (III. 3.) G. 


•Genus GONATOZYGON (De Bary). — Filament cylindrical; joints elon- 
gate, slender, cylindrical or narrow-fusiform, without a constriction or in- 
flation, ends truncate ; endoehrome a shigle, central^ longitudinal, undtdatory, 
contracted band. Joints previous to conjugation disunited, and during the 
process bent into a knee shape ; sporangium as last. 


Gonatozygon Ralfsii (Do Bary). — 
Joints cylindrical with tho ends some- 


what dilated, ten to twenty times as 
long a,s broad, rough ou tho aurfaco with 
3 a 
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numerous miniito sctittered fp*amiles; 
oiidochromo sometimes bilid at the ex- 
tremities, usually with a pnhi space at 
the centre, and with a longitudinal me- 
dian series of lighter-coloured dense cor- 
puscles. Sporangium same as preceding 
species, (in. 1,2.) L. 1-100"; 11.1-2350". 
UovUUum aspvntm (Rails) ; L<ptocpsti- 
iirma aspennn (Archer). (t.B., L, F., G. 

G. lin^issomi (J)e 13.). — Joints rutr~ 


row-fusiform, subcapitate at ends, loosely 
united, often single, rough on the surface 
with minute scattered ^aiiuhis ; endo- 
: chrome usually with a pale space at the 
I centre, and a median sen(‘,s of corpuscles, 
j Sporangium as preceding. Docidinm 
; (titperum (Breb.) ; Ltp. Portii (Archer). 
I r.. 1-200" to 1-105"; B. 1-3500". L, 
i F., G. /3 much smaller, and joints 
I A'arying in length. 


Genus LEPTOCYSTTXFMA (Archer). — Filament attached, cylindrical ; 
joints elongate, (*ylindrical, slender, linear, without a constriction or indation, 
ends truncate ; cndochrome a Jonfjitwlhxal flattened hand. (No evident gela- 
tinous sheath.) 

A goniLS under the above name was founded by Mr. W. Archer (Nat. Hist. 
Rev. vol. V. p. 250) for the reception of the single species now here included, 
as well as the two species of Gonatozj^gon (Do B.), not being, however, then 
aAvare that T)c Bary had ])reAdously established the latter genus in ‘ ITcdwigia.’ 
However, as the reproductive condition of Lcp. Kinahani (Archer) is yet 
unknown, Ave deem it more advisalde to allow that species to remain under 
its original name, and, for the present at least, to retain the g(uius, distin- 
guishing it herefrom Oonatozygon by the filaments being attached (a singular 
circumstance in Desnudiac(itc), and the cndochrome a flattened band. The 
species is very distinct indeed from the two j)rcccding. 


Le i*Toe ystinema Kiiadiatn (Archer). 
— Filament 2 to 3 inches long, often 
breaking up into separate joints ; joints 
20 to 40 times as long as broad, linear, 
smooth ; endochrome in its broader dia- 
meter filling the entire width of the 
joint — in tho narrower, not more than 
one-third, occupring tho centre of the 
joint, and at the central pale space 


curved towards the coil-wall, and hav- 
ing inib(*ddod within it a longitudinal 
median si?ri(‘.s of globular, light-coloured, 
dense corpuscles (one occupying the 
centiu of tho pale spac(5), retracted at 
each end of the joint, leaving a clear 
space in which are active granules. 
Sporangium unknoAvn. L. 1-200" to 
1-50"; B. 1-1000". (ill. 4.) I. 


2. Joints mostly broader than long, very seldom slightly longer than broad. 


Genus IIYAT^OTHECA (Ehr.). — Filament cylrndrictd, very gelatinous; 
joints haring cither a sliflit constriction, which produces a crenate appearance, 
or a (jrooved rim at one or hoik ends, Avhich forms a bifid projection at each 
side ; end view circular ; cndochrome radiate. 


IIyalotiieca ihssiliens (Brfib.). — ^Fila- 
ment frngile, crenate ; joints usually 
broader than long, with a shadow tjrooce 
round each, dividing the endochrome 


into two portions. Sporangium globular, 
smooth, placed within tho persistent 
connecting tube formed by the mutual 
fusion of a fresh extension from, and 
produced between, the sides opposed to 
each other of tho conjugating pairs of 
joints, the filament having previously 
broken up into single joints, (ii. 32 & 36). 
L. 1-2105" to 1-1351"; B. 1-1308" to 
1-83.3". = Conferva dissiliens (Smith), 
Chvopritmi dissiliens (Berk., Usiss.), Jft/a- 
lothern 7nucosa (Kg.). G.B., I., F., G., 

F.S.A. 


II. mucosa (Ehr.). — Filament scarcely 
fwigile, mucous sheath very broad; joints 
about as broad as long, not constricted, 
hut Jiariny at one of the ends a minute 
hidmtate projection on each margin, tho 
adjoining end of tho next joint being 
similar, these projections being jA*oduced 
by an annular grooved rim. L. 1-1250" 
to 1-OeO"; B. 1-1250" to 1-1111". 
= Conferva mucosa (Mert.,Hook.,Tlarv.), 
Gloeomium mucosum (Hass.), H. Ralfsii 
(Kg.). G.B., I., F. 

II. ? duhia (Kg.). — Filament without a 
mucous sheath (r^) ; joints rather broader 
than long, with two puncta near each 
maryiii. G. 
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Genus DIDYMOPRITJM (Kg.). — Filament gelatinous, cylindrical, regu- 
larly twisted ; joints with a hidentate process or angle at each side ; end view 
circular, or broadly elliptic, with two opposite projections formed by the 
angles ; endochrome radiate. 

I)iDYMoriinJM^rrm7/eV(Kg.). — Sheath "D, Borreri (Ralfs). — Joints inflated, 

distinct; joints broader than long, with harrel-shajjedf longer than broad, 
a thickened border at their junction ; angles a thickened border at their junction ; angles 
bidentate : teeth aiigular : transverse view bierenate, crenatiires rounded ; transverse 
broadly elliptic. Sporangium orbicular, view circular. Sporangium elliptic, formed 
formed within one of the two conjii- within the (for some time) persistent 
gating joints, the endochrome passing extensions from the conjugating joints, 
over from one by a narrow connecting which do not previously break up into 
tube produced betAveon thci otherwise single joints, but couple, still unil(‘d in 
but little altered brolfon-up single joints, the tilament, in a confused or zigzag 
1j. l-4()4'' ; V^. \-A10".=l)es7nidiiim eg- manner, some of the joints remaining 
lindricuni (aiict.), Arihrodesmus? cyl. unchanged, (ii. 38, ;to.) L. 1-930" ; 
(Ehr.), Besmidiiirn compressum (Corda), 11. 1-1030". = Bambnsina Brebissonii 
1). Grevillii (Do K). G.13., I., F., G., (Kg., Br(5b.). G.B., I., F., G., U.S.A. 
Prussia, U.S.A. 

Genus APTOGONUM (Ralfs). — ^Filamcnt "d-i-angular ; joints not con- 
stricted, plane or cremitcd at the lateral margim, united only at the outer 
portions of each of their end margins by mutual projections, thus producing 
intervening central oval foramina. 

Aptoqonum Baileyi (llalfs). — Joints I mina broadly oval ; in c. v. triangular, 
in f. V. quadrangular, about as broad as angles somewhat roimdod. (iii. 5,e.v. 0.) 
long, their lateral maryins plane) fora- | U.S.A. 

Genus DESMIDIUM (Ag.). — Filament *S-A-angular or conpressed, regu- 
larly twisted ; joints hidentate or hicrenate at the angles or lateral margins, 
and either closely united throughout the whole of their end margins by a 
thickened border, or only at the outer portion of each by mutual projections, 
and thus producing intervening central oval foramina. 

Desmidium ajHoyoniun (Breb.). — G.B., I., F., (>., Itjxly, Sweden, U.S.A. 
.Joints in f. v. quadrangular, broader l^y.tpitulrnnytdatumijlidZii). — Filament 

than long, with two rounded crcuiatiues quadrangular, varying in breadth from 
on each lateral margin, united at tlio its twisting, having two longitudinal 
outer portion only of each end margin waved lines ; joints in f. v. broader than 
by mutual projections, thus producing long, with two somewhat rounded cre- 
intervening central oral foraminu. G.B., natures on each lateral margin, united by 
F., G., U.S.A. a. Filament triangular, the Avhole of their end margins ; e. v. 
regularly twisted, crenatiires rounded, quadrangular ; endochrome fom’-rayed. 
L. 1-1400"; B. 1-1000". (iii. 7, e.v.8.) (ir. 37, 40.) L. 1-1244"; B. 1-603" to 
fi, filament compressed, crenaturiis shal- 1-455". =Z>. quadru7igidare G.B., 

lower, andslightly angular. L. 1-1205"; B. F., G., U.S.A. 

\-^d2b".=^A2ytogonuml)es7nidiumiJi9l^). D. undulutum (Corda). — Filament tri- 

D. iSicartew (Ag.). — Filament trian- angtdar) joints in f. v. with a slight 
gular, equal, with a single longitudinal central notch at each side, and^owr broad 
'waved# dark line formed by the third crenatures at each lateral margin, united 
angle ; joints in front view somewhat by the whole of their imd margins. * 
quadrangular, broader than long, Avith D. didymum (Corda). — Filament tri- 
two slightly angular crenatures on each angular; joints in f. v. bidentate, broader 
lateral margin, united at the whole of than long, united by the whole of their 
their end margins by a thickened border ; end margins ; c. v. tiiongidar ; angles 
end view triangular ; endochrome three- acutely bifid. = Besmidimn hifidum 
rayed. L. 1-2000" to 1-1066" ; B. 1-633". (Menegh.). G., Italy. 

Genus SPH-^EROZOSMA (Corda). — Filament compressed-, joints deeply 
divided on each side, thus forming two segments, and giving a pinnatifid 

3 A 2 



SYfiTEMATIC niSTOllY OF TUB INFUSORIA. 


r2i 


appearance to the filament, united to each other hij minute tubercles or gland- 


like processes, 

Spiiacroxosma vertvhratum (Ralfs). — 
Joints as long as broad, constriction deep, 
acute ; segments reniforra, glaiul-like 
processes ohUquvj solitary at the centre 
each margin.. A gelatinous sheath evi- 
dent. Sporangium splien(*al, smooth, 
placed botwei n the empty segments, the 
blunieiit pre\'iou.sly tn conjugation break- 
ing up into single joints. L. 1-1420"; 
B. 1-000" to 1-(W*»G'\ (t. 15 -17.) = i§i/;. 
ekyans (Corda, Ilass. ), Odontella ttni- 
(Icntata (Mhr.), Isthmia rertchrata 
(Ment'gh.), Isthmosira vert, (Kg.). G.B., 
1., F., G., Italy, U.S.A. 

S. excaratnm (Balfs). — Joints longer 
than broad, subquadrate, very minute; 
conslnctinii a deep rounded sinus on 
both sides, and two sessile gland-like pro- 
cesses on each margin, at their junction; 


angles sometimes with throe very minute 
teeth ; no evident gelatinous sheath. 
Sporangium elliptic, placed between the 
empty joints, the fQ.ameiit previously 
breaking up. L. 1-2575" ; B. 1-G050". 

Isthmosira excavata (Kg.). G.B., I., 

F., U.S.A. 

S.Jiliforme (Ehr.). — Joints about ns 
long as broad; constriction acute; seg- 
ments elliptic, and united by double 
slender processes which include a quadrate 
foramen hettccen each judr. = Isthmosira 
Jill for mis (Kg.). (I. 

S. lamellifermn (t/orda). — Joints about 
one-third broader than long, constriction 
deep, slightly rounded within ; .segments 
tncwrm/, rtmifomi; connecting processe.s 
** flattened," colourless ; a gelatinous 
sboath. G. 


Genus SrONT)YL()8IUM (Brcb.) — Filament comqyressed or ^-angular ; 
joints dtejdy divided on each side, thus forming two segments, and giving a 


pinnatifid appearance to the filament 
pi'ocesses, 

SroN I) YLOSi r (Br.). 

— Joints about one-third broader than 
long, constriction deep, segments reni- 
form, ends hrocuUg rounded \ no sheath. 

Isthmia stomatomorpha (Menegli.). F. 

S. pulchrum (Bail. .^p.). — Joints twice 
as broad as long, constriction not deep, 
acute, segment.s elliptic ; junction margins 
straight, /(>rnnnjf/ short connecting bands', 
gelatinous sheath wide. = Spharozosma 
pulchrum (Bail.). U.S.A. 

S. pidchellum (Archer). — Filament 
minute, fragile ; joints about as broad as 
long, sharply incised ; segments laterally 
inflated at the base, thus giving a pouting 
appearance to the joint, narrowing to 
the ends, which are straight, ^rith square 
angles; endochrome containing in each 
segment a single, central, lighter- 
coloured, globular corpuscle. No evi- 
dent gelatinous sheath. L. 1-23.‘10"; 


and without intermediate tubercles or 

B. 1-23:10". (III. 10.) I. 

S. denressutn (Brtd).). — Joints somc- 
•what broadiu’ than long, snhquadrate, 
constriction a rounded, sinus, angles 
roniKh.'d, ends straight, furni.slir‘d at end 
margin on upper surface with three 
rounded protuberances; ‘*no sheath." 
(iii.O.) F. 

S. svrralum (Bailey, sp.). — Joints 
broad(‘r than long, constriction a trian- 
gular notch ; segments forming lateral 
triangular acute, qyrojections, thus giving 
a serrated outline to the Hlament ; jimc- 
lioii margins straight. = Spheerozosma 
8(rratinn (Bail.). U.S.A. 

S. .secedens (Be Bary, .sp.). — Filament 
very fiagile, joints os long as broad, con- 
striction a shallow rounded sinus ; seg- 
ments subelliptic, ends concave; no gi‘la- 
iiiious .sheath. L. 1-2^7'",= Spheerozosma 
secedens (l)e Bary). G. 


B. Fronds simple, free, owing to complete transverse division, 

1. Fronds distinctly constricted at the middle, never as much as threa- times 
’ longer than broad. Sporangia mostly spherical and spinous or tuberen- 
latcd, or very rarely spherical or quadrate and naked. 

Genus TETRACHASTRUM (Dixon). — Frond compressed, deeply con- 
stricted into two :3-lobcd segments ; lateral lobes projecting horizontally, or 
sometimes divergent, broadest at their base and simply attenuated outwards ; 
end lobe laterally expanded into a horizontal attenuate projection on each 
side, subtending the lateral lobes ; centml con.st.riction a gradually widening 
incision {ah, c, vide .supra). 
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* l^xtt'eniities of lohes entirvy mucronate 
or acute, 

Tettiachastuum arcuatum (Bailey, 
sp.). — Frond rather broader than long, 
jnnnatifid, quadrangular ; lateral lobes 
long, slender, arcuate, tapering, (Uvergent 
from those of tlie opposite segment, th(dr 
extremities acute ; terminal lobe naiTow, 
produced, its lateral prqjcjctions abruptly 
trausvcr.se, slrndci', attenuated, acute ; 
ends slightly concave at the centre. 
= Micra.sterias arenata (Bail. ). U.S. A . 

'I\ expansum (Bailey, sp.). — hVoiid 
about as broad as long, somewhat 
late ; lateral lobes long, slender, straight, 
conical, divergent from those of the op- 
posite segmejit, their extroniiti(>s a<!iite ; 
terminal lobe narrow, produced, its Li- 
t(iral projections somewhat divergent , short, 
qiiicKly tapering, acute; oTids concave. 
= 3Iicr. expansa (Bail.). U.S.A. 

''f. tnucronatuni (Dixon). — Frond 
longer than broad, subelliptic; lateral 
h)bea ret'y broad, straight on the margin 
fonning the base of the segme.nt, turgid 
on the upper margin, their extremities 
rounded, furnished on the margin with 
one, two, or three minute ninero-like spine.s, 
one always at the extremity or basal 
angle of tluj segment, others, when pre- 
se.nt, irr(‘gulnTlv placed on the upper 
margin; tcn’iniilal lobe short, very broad, 
its lateral projections short, stout, 
quickly tapt?riug, somewhat incurved at 
(extremities, whitrli are niiicrouate ; ends 
rounded, with a very shallow in(?onspi- 
cuous central conca\ity; tr. v. broaalv 
elliptic; e. f. punctate.* D. 1-107"; li. 
l-m". I. 

2 * Extremities of the lobes hidentate. 

'r. o.seitaus (Dixon). — bVoud about as 
broad as long, niniuitifid; lateral lob(.*s 
separated from the terminal by a rounded 
sinus, horizontal, conical, their extri*inilie.s 
bidentate ; end lobe short, broad, its 
lateral projcK-tions short, conical, usually 
bid(mtate, narrowin’ and shorter than the 
lateral lobes; ends ('oiivex at the centrij ; 
tr. V. fusiform, c. f. punctate, li. 1-250" ; 
B. (it. 28 , %}i). = Euastruin 

holocystis (Kg.) ; Ilohcgstis oscitatw 
(Hass.) ; Micrasterias oscitans (llalfa). 
O.B., U K., U.S.A. 


T. Amcricanum (nobis). — Frond 
broader than long, siiborbieiilar, piima- 
tilid; lateral lobes separated from tin* 
terminal by a deep acute incisimi, hori- 
zontnl, conical, tapering, tlieir extremities 
i bidentate ; eiul lobe short, its lateral pro- 
jections long, tapering, biilentate at tlieir 
extremities, as broad and long as the lateral 
lobes ; ends broadly rounded. = 3£icras- 
tcrias incisa (Kiitz.), Bailey, in ^JVlicr. 
Ohs. in S. Carolina,’ &e., but surely not 
that species ; we Jire therefore obliged to 
place it here under another specific 
name. 

'r. pinnaiijidum (Dixon). — Frond ra- 
ther hroadm* than long, plane, pinnalifid ; 
lateral lobes separated from the terniiiial 
by an eriual subacute incision, triangular, 
siibconical, horizontal, their e.vtreniities 
bidentate ; end lobe short, its lateral 
projeiitions transverse, short, bidiMitate 
at the extremities, enils stniir/ht (colour 
paJjO. L. 1-440"; B. Um\ = Micros- 
tcrias pinna f i/ida (Ualfs, Breb.) ; Enas- 
trum pinnatljidum (Kg.). (t.JI., F., G., 

T. didgmacanthmn (Nii*^. sp.). — ^l^roiul 
about as broad as long, pmnatilid ; late- 
ral lob(‘s sepiarated from the tenniiial by 
a wide rounded sinus, their lower margin 
convex, in apposition with those of I lie 
opposite segment for a jioi’tioii of their 
length, tliim slightly divergent, their 
upper margin nearly straight, horizontal, 
their extremities hidentate ; end lobe 
long, united to the basal portion by a 
iiarroAv ueclv, its lateral projections short, 
their extremities biden’ate, ends slightly 
convex. 1.. 1-40"' ; B. 1-40"'. = Euas- 
Irum didymacunthum (Niig.). O. 

T. quadratuni (Bail. sp.). — Frond 
broader than long, piniiatilid, quadran- 
gular; lateral lohes separated from the 
terminal by a wide rounded sinus, some- 
ivhat injialcd at tliiur base, elongate, 
slightly divergent from those of the 
opposite segment, their produced extre- 
mities .slender, bldiuitate; end lobe iiar- 
I row-, produci^d, its lateral projections 
transverse, elongate, slender, bidentate 
at the extremities; ends with a sliglit 
cimtral coucav i ty. = 3£ic, (juadrata (Bail. ) . 
U.S.A. 


Genus MLCRASTERIAS (Ag.). — ^Frond mostly Icnticuhir, as long as or 
slightly longer than broad, deeply constricted into two lobed segments ; seg- 
ments usually scmiorbicular, 5- or soiiu^times B-lobed ; lobes incised or 
divided, mostly radiant, narrower at the base and widening upwards, their 
ultimate subdivisions spreading, dentate or minutely .spined, or rarely only 
sinuate at tlic outer margin ; central constriction usually linear. 
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* I7ie snbdirmons o f the lobes spreading 
in a plane at rigid angles to that of the 
frond, (a, b, c.) 

Michasterias muricata (Ralfs). — 
Frond quadrangular; segments sub-6- 
lobcd, lobes opposite ; basal lobes tripar- 
tite, middle lobes bipartite; end lobe 
exserted and laterally divergent, its 
lateral extensions bipartite; all the sub- 
divisions of all the lobes divergent and 
disposed in a plane at right angles to the 
plane of the frondy their extremities ter- 
minating ill three or four projecting 
points; the interv^als between the lobes 
diMip rounded sinuations ; ends straight, 
entiXQ. =Mtastrum muricatum (Bailey). 
U.S.A. 

2 * The snbdivisiom of the lobes spreading 
in the same 2 dane as the frond. 

t Frond siibelliptic ; segments 3- or sub- 
6-lobetl, lobes spreading, the intervals 
between tin'- lobes being wide ; lateral 
lobes bipartite, their subdivisions di- 
vergent, end lobe exserted and laterally 
divergent. c.) 

M. Jlaileyi (Balfs). — Frond gramilaied 
all over ; segments 3-lobcjd ; lateral lobes 
deeply bipartite, subdivisions slender, 
their extrcunitica bidentate, the lower 
subdivisions horizontal, approximate to 
those of the opposite segment, the upper 
divergent; end lobe iuutow below, (ix- 
serted, transversely expanded, its lateral 
extremities truncate ; ends concave. 
TJ.S.A. 

M. ringens (Bailcv). — Frond some- 
what coarsely granulated at the margin ; 
segm(‘.nts 3-iot)ed; lateral lobes some- 
what broadly bipartite, sUnd, divergent 
from those of the opposite segment, 
their subdivisions having the extremities 
obscurely bidentate; (uid lobe naiTow 
below, exserted, transversely expanded, 
its lateral extremities obtuse* ; ends con- 
cave. U.S.A. 

M. furcala (Ag.). — Frond smooth ; 
segments sub-5-lobcd ; bat^al and middle 
lobes bifid, their subdivisions slender, 
linear, divergent, and forlced at the apex, 
bifurcation 'usually tJicurvcd', end lobe 
exserted, with a rounded sinus between 
the considerably produced divergent ex- 
tensions from the angles, whicli are ulti- 
mately forked, their bifurcations in- 
curved. L. 1-135"; B. 1-156". = M. 
radiata (Hass.), M. Melitensis 3 gracilis 
(Kg.). G.B., t.S.A. 

M. Crux~3relitrnsis (llalfs). — Frond 
smooth; segments sub-5-lobed; basal 


and middle lobes bifid, subdivisions 
short, stout, and bidentate at the apex ; 
end lobe exserted, with a rounded sinus 
between the produced divei’gent exten- 
sions from the angles, which are ulti- 
mately bidentate. L. 1-206" ; B. 1-221". 
fi. 2*2). == HJuastrum Crux-3Ielitensis 
(Fhr.) ; 3f. 3felitcnsis (Menegh.). G.B., 
F., G., Italy, U.S.A. 

2t Frond angular-elliptic, subquadrate 
or suborbicular ; segments 3-lobed; 
lobes imroading, the intorv'als between 
the lobes being usually wide ; lateral 
lobes either bipartite and inciso-den- 
tate or truncate on outer margin ; 
end lobe mostly exserted, divergent. 
(a'^h, e.) 

M. Americana (Balfs). — Frond angu- 
lar elliptic, more or less punctate ; S(‘g- 
ments 3-lobcd ; lateral lobes broad, 
enneate, their margins concNive, inciso- 
serrate; end lobe broads enneate, and 
exserted, bipartite at the tingles, the 
subdivisions naiTow, and minutely den- 
tate at the extremities; end concave. 
h. 1-204"; B. 1-254". (n. 44, bad).= 
Huastrum Americamm (Ehr.). G.B., 

I., F., U.S.A. /a, mai’gius waved rather 
than dentate. 

M. foliacea (Bailey). — Frond sub- 
quadrate, smooth ; segments 3-lobed ; 
lateral lobes di'eply bipartite, inciso- 
dcutate, their margins extending to an 
equal distance from the middle line of 
I the frond, with a short rounded tooth- 
[ like projection next the end lobe ; end lobe 
narrow, somewhat dilated above, angles 
emarginate ; ends concave. U.S.A. 

M. incisa (Kg.). — Frond about os 
broad as long, suborbicular ; lateral lobes 
horizontal, sides parallel, abruptly tnm- 
cate, with a tooth at each angle ; (uid lobe 
short, very broadly cuneate, entire, its 
angles ficvLta. = JSuastrum Crux-3felitensis 
(Ehr.). O., F., U.S.A. ? 

M. decerndentatum (Niig.). — Frond 
about as broad as long, suborbicular; 
segments 3-lobed; lateral lobes hori- 
zontal, side subparallel, obscurely bipar- 
tite, their stihdimsions aetdehj bidchtate; 
end lobe broadly cuneate, entire, angles 
acute; ends rounded. L. 1-55'"; B. 
1.55'". = 31. Neodatnensis (Braun) ; 31, 
Jtzigsohnii (Br6b.). F., G. 

3t Frond circular; segments 5-lobed; 
lobes approximate, the intervals be- 
tween the lobes being linear or very 
deep and acute incisions; basal and 
middle lobes dichotomously divided 
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or deeply incised; end lobe naiTow, 

seldom and but very slightly exserted. 

(fl, b, c.) 

M. Torreyi (Bail.). — ^Frond smooth; 
segments 6-lobod ; basal lobes bifid^ 
middle lobes trifid, the subdivisions 
nearest tlie opposite segments and those 
nearest the terminal lobe hidmtate at the 
apex ; the intennediate three hirminat- 
iiig in acute points ; all somewhat injtated 
and tapering ; terminal lobe narrow, not 
exserted, spreading at tho angles into 
divi'rgeuit tapering points ; ends slightly 
emarginahi. U.S.A. 

jM. denticulata (Jlr^b.). — Frond orbicu- 
lar, smooth ; segimnits /i-lobed; basal and 
middle lobes twice dichotomous; ulti- 
mate s iibd i visions truncato - emarginate, 
with rounded angles \ end lobe simply 
thrice emarginate. Sporangium orbicu- 
lar, beset with scattered stout elongate 
spines, at first simple and obtuse, afler- 
wjirds forked or trifid, their divisions 
finally again branched and i*ecurv(?d. L. 
1-1 la", B. l-iaS". (ri. 22, sporangium). 
= Enastrum llota (hllir.) in part. O.H., 
1., b\, (t., Italy, U.8.A. ends broader, 
slightly hirsute at the terminal margin 

(Bailey). 

JM. rotata (llalfs). — Frond orbicular, 
smooth ; segments fj-lobed ; basal lobcis 
twicjo, middhi lobes thrice dicliotomous; 
ultimate subdivisions acutely hidentate] 
i‘nd lobe very slightly exserted, its 
angles very slightly produced, bidentate, 
ends emarginate. In transverse' view is 
seem an inflated protuberance just over 
lh(3 central isthmus, which may possibly 
exist in other species of Micrasterias. 
B. 1-91", B. 1-104". (i. 20.) = Euastrum 
Jtota (Ehr.,Nii.g.) in part ; Eutomia rotata 
(llaivey). O.B., 1., h., (1., Italy, IJ.S.A. 

Jimbriata (llalfs). — Frond orbicu- 
lar, smooth ; segments 5-lobed ; basal 
lobes twice, middle lobes gtmerally thrice 
dichotomoiLs ; ultimate subdivisions ob- 
tusely emarginate?, each furnished with 
two curved acute spines ; end lobe some- 
what exserted, the angles slightly pro- 
diKJod and rounded, and each furnished 
with fwo or tliree minute spines ; ends 
concave. L. 1-108", B. l-U^'\=Eum- 
h'um Uota fEhr.) in part. G. II., II. S. A. 

M. apicutata (Menegh.). — Frond orbi- 
cular, hispid all over with scattered spines) 
segments f5-lobed ; btisal and middlt; lobes 
once or twice incised, their external mar- 
gin toothed, ultiniato subdivisions fur- 
nished with two acute spines ; tmd lobe 
naiTow, spinous on external margin. = 
Euastrum aculealunt (Ehr.). G., F. 


M. radiosa (Ag.). — Frond orbicular, 
smooth ; segments 6-lobed ; basal lobes 
twice, middle lobes generally' thrice di- 
chotomous, ultimate subdivisions injlafed, 
attenuate totcards the end, bidentate ; end- 
lobe emarginate, its angh?8 dimtate. (i. 
21.) L. 1-188"; B. l-138".=7?//rt&^rMm 
Sol (Ehr.). G. B., I., F., IT. S. A. 

papillifera (Breb.). — Frond orbicu- 
lar, having the principal sinuses bordered 
by a row of minute granules, otherwise 
smooth ; segments 6-lobed ; basal and 
middle lobes twice dichotomous, their 
ultimate shallow subdivisions terminated 
by two, sonietimes three, gland-like teeth) 
tmd-lobo emarginati?, its angles dentate. 
Sporangium as in M. denticulata, but con- 
siilerabiv smaller. L. l-221"-l-2()5"; 
B. 1-288"- 1-211". (i. 18, spor. 19). G.B., 
1., F., U S A. 


4t Frond orbicular; segments 5-lobed; 
lobt?s approximate, the intervals be- 
twet'ii the lobes shallow narrow iinn- 
sions; the lateral lobes dentate, crenate, 
or slightly sinuatt?; end lobe broad, not 
exserted. (a'^b, c.) 


M. fptadragies-euspidata (Kalfs). — 
Frond hispid all over with scattered minute 
hair-like spines ; stignu'iits 5-lobed ; basal 
and middle lobi's slightly bipartil(*, fheir 
subdivisions bideiilau^; end lobe visry 
broad, cuneate, truncaf t‘, its angles biden- 
tato. = Cosmarium quadragies-cuspidaluni 
(Corda). G. 

M. truncata (Breb.). — h'rond orbicular, 
smooth) segments 5-lobed; basal aiul 
middle lobes obscurely bipartite, extrc'- 
mities bidentate ; end lobe very broadly 
ciiiUMiti?, bidentate at the angles, and Avilli 
a slight central concavity. \ i. 1 -240" ; B. 
1-250".= Cosmarium truncatum (Gorda); 
Euastrum Uota (Khr.) in part; M.semi- 
radiata (Kg.) ; Euastrum semiradiatum 
(Niig.). ( I.B., I., G., F., II.S.A. 

M. crenata (Breb.). — Frond orbicular, 
smooth ) segments 5-lobed ; basal and 
middle lobes usually crenate, or sinuate ; 
end-lobe \ ery broadly cuntjate, rounded 
attho ends, ca/*Vr*. L. 1-244"; B. 1-208". 
G. B., L, U. S. A. 


5t Frond oblong, elliptic; segincn’ts 5- 
lobed ; lobes npproximat(j or sprea<ling, 
intervals between the lobe.s liiu'ar or 
somewhat sinuous, all the lobes similar 
at the extremitii's, the end lobe the 
broadest, (a, b, c.) 

M. Jenneri (Balfs). — Froml oblong, 
minutely granulati'd ; segments 5-lobed ; 
basal, middle, and (uid lobes cuneate. 
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obscurelybipartitc^, and their subdivisions (llnlfs), g:ranulos larger, giving a dentate 
rmarfiinatcj or wifh ynerely a uliyht central appearance to the margin, otlierwise as n. 
concamtif ; angles rounded ; end-lobe at y (Archer), granules giving a rough au- 
extemal margin considerably the broadest, pearance to the margin, lobes slightly 
L. 1-147"; 11. 1-209". C.R.", I. a (Ualfs), concave, margins rounded, not bipartite, 
granules like mere puncta, lobes slightly I without emarginate subdivisions, 
bipartite, subdivisions emarginate. ^ ! 


Genus EUASTllUM (Ehr.). — Frond longer than broad, compressed; deeply 
constricted into two lobed or sinuated segments ; segments usually pyramidal, 
5- or 3-lobed or merely sinuous, varioiisly (lisjposedcbxular inflated 

lyrotuherances (very rarely absent) ; latoi al lobes opjwsite, very rarely radiant, 
rounded or sinuated at the extremities ; end lobes acutely incised or emaryinate 
at the centre, rarely only concave ; central constriction linear. (The inllatcd 
protuberances and the emarginate ends rarely (if ever?) simultaneously 
absent.) 


* Segments deeply lohcd; separating sb 
nuses directed intcards and dotrnwards ; 
the end lobe cuneate and partly included 
within the notch formed by the projection 
o f the lateral lobes. 

Euasthum rerrucosum(E\iT.). — ^Frond 
somewhat longer than broad, rough all 
over with conic yranules', segments 3- 
lobed, soinowliat divergent, all the lobes 
broad, cuiu'ate, with a veiy h^oad shalhio 
external sinus (ab, c). 

Empty frond : f.v. segments with one 
largo circular basal inflation on surface, 
one sinallor on (^ncli side, and t^vo others 
on the end lobe ; s. v. segments inflated at 
the base?, narrowed into a short nock, end 
dilated with a central sinus ; o. v. oblong, 
with three inflations at each side, one at 
each end, end lobe having 4 divergent 
lobelets. L. 1-207"; B. 1-270". Cos- 
marium verrucosum (M(?negh,), K. papil- 
losum (Kg.). G.B., 1., G., F., Italy, 

E. ohlonyum (Kalfs). — IVmd rather 
more than tNrico as long as broad, smooth, 
oblong; segments Mohvd\ lobes nearly 
vqualj cuneate ; lateral lobes, or the basal 
only, with a broad, shallow, marginal 
concavity, all their angles rounded, ter- 
minal notch linear (V/, 6, c). 

Empty frond : f. v. scg. punctate, with 
three targe inflations on surface near the 
base, two others above and two on ter- 
minal lobe ; tr. v. three times as long as 
broad, with three subdistant marginal 
inflations at each side, and one at each 
end, in jS broader in proportion, mora 
elliptic, and inflations close ; e. v. end 
lobe notched at opposite external mar- 
gins. Sporangium orbicular, beset with 
mimcroiis conical tubercles. L. 1-156"; 
B. 1-282". (ill. 1 1.)= oblonga 

M IiT'v.); Enastrnin ZVr/r/M Klir.'); Cosma - ! 


rium sinuosnm (Corda) ; Fnitomia oblonga 
(Ifarv.). G.B., L, F.,G., Italy, U.S.A. ' ^ 
smaller, narrower, middle lobes rounded, 
without any marginal concavit 5 \ 

E. crassum (Kg.). — Frond about twice 
as long as broad,A7/6r/z/rtf//77«^ryv//, smooth; 
soguients 3-lobed ; basal lobes very broad, 
witli a very broad y shallow ?naryinal sinuSy 
in which there is sometimes a slight in- 
tennediate rounded projection ; end lobe 
cuneate, rounded, terminal notch linear. 
(ab, c.) 

Empty frond : f. v. punctate, segments 
with throe inflations below and two 
above ; tr. v. two or tlueo times long<*r 
than broad, witli three lobes or iiiilatioiis 
at eticli side and one at eacdi end ; e. v. 
end lobe sinuate at opposite exienuil 
margins. L. 1-193"- 1-1:52" ; B. 1-263". 
=E: Pelta (Hass.). G. B., 1., F., G., 
U, S. A. jy smaller, margins of lateral 
lobes more concave, siniiations between 
the lateral and end lobes more closed, 
tin? latter more included. 

Vj.cornufuin (Kg.). — Froud about twice 
as long Its broad: segments :3-lobed, somo- 
vrhat inflated at base, outer upper anylcs 
of basal portion prolonyed into a process- 
iike priyection directed upwards ; end 
lobe included, its notch broad, concave. 
Empty frond punctate, (ab, c.) G. 

2 * Segments sinuously lobed, or tapering; 
end lobe exsertvd aiid united to the basal 
portion by a distinct neck. 

t End lobe with a linear or acute notch. 

E. pinnatum (Ralfs). — Frond oblong, 
about twice as long as broad ; segments 
5-lobed in a pinnatifld manner, basal 
lobes slightly cmarginalo, middle smaller, 
rounded, entire, end lobe exserlcd, di- 
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lated, itf» notch linear ; the tippet' margin 
of the lobes horizontal, (fl, 6, c.) 

Empty frond: f. v. segments pimc- 
tfito, usually with two largo inflations 
near the base, four smaller betwc'en, 
throe otlKjra above, and two on end lobe ; 
a. V. central constriction deep, segments 
indated nt the base, then contracted, 
again inflated, and again contracted be- 
neath the dilated terminal lobe ; tr. v. 
with four lobes or inilations on each side, 
and one at each end ; e. v. end lobe with 
a deep aiiuia at opposite external mar- 
gins, concave at the sides, so tis to produce 
four divergent lobelets. L. 1-188" j B. 
1-454". G.B. 

E. hntnerosHm (Ralfs). — Frond about 
twice as long as broad; segments sub- 
r)-lobed ; basal lobes slightly cmarginate ; 
middle lobes narrotv, (lirected upwards^ 
resembling proce.sses ; end lobcj with a 
short neck, partly included between the 
middle lobes, diiated, its notch linear. 
{<h <?•) 

Empty frond minutely punctate ; f. v. 
segments with three inflations at base, 
two above and two on end lobt; ; tr. v. 
(dliptic, with three inilations on each 
side and one at each end. L. 1-225"; 
B. 1-382". G.B., I., F. 

hi. affine (Ualfs). — Frond about twice 
as long as broad; segments 3-lobed ; biisal 
lobes slightlg emarginatej having inter- 
mi-diate between tlnmi and the end lobe 
on each side a tubercle rcipreseiiting mid- 
dle lobijs, the upper margin of which is 
horizontal \ imd lobe exserted, dilated, 
its notch linear, c.) 

Empty frond : f. v. minutely punctate ; 
the segments with four basal inflations, 
two above and two on imd lobe ; tr. v. 
elliptic, with four inflations on each side 
aiiid one at each end ; e. v. end lobe eiiiar- 
ginate at opposite? external margins, pro- 
ducing four shallow lobelets. L. 1-230" ; 
B. 1-458". G.B., 1., K, U.S.A. 

E. ampullaceum (lliilfs). — Frond rather 
more than one-half longer tlian broad; 
siignuMits obscurely 3-lobed, short, with 
broad it fluted base ; ba^al lobes not emar- 
ginatCy paving on i;ach upper side a small 
intermediate tubercle between each and 
the end lob(? ; end-lobe exs(jrtcd and di- 
lated, its notch linear. («/;, c.) Empty 
frond minutely punctate ; f. v. inflations 
indistinct or confluent ; s. v, narrow el- 
liptic, with several inflated protuber- 
ances, ends scarctily dilated, rounded ; 
Ir. V. with four inflations at sidtjs and 
one at each end. \j. 1-274"; B. 1-394". 
G.B., 1., F., IT.8.A. 

E. insigne ( ilass. ). — Frond rather more 


than twice as long as broad ; segments 
inflated at base, sides entire, without late- 
ral tubercles, and tapering into a long 
slender neck ; (?nd lobe dilated, its iiotcii 
linear, {ah, c.) 

Empty frond minutely punctate ; f. v. 
segments with two inflations at the base-, 
8. V. narrower, gi*adually tap<u’ing to the 
end, whidi is considerably dilated ; pro- 
jections round(‘d, with a sinus between ; 
tr. V. subquadrate, slightlg concave at 
sides, with a rounded lobe at the centre 
of each end ; e. v. emd lobe with a sinus 
at opposite external margins, angles thus 
protruded into four divergmit roumh^d 
lohekts. L. 1-232" ;B. 1-410". (iii. 12.) 
G.Il, I., F.S.A. 

E. lYiddla (JJalfs). — Frond rather more 
than twice jis long as broad ; segments 
pyramidal, inflated at the base and again at 
the middle, end scarcely dilated, rounded, 
its notch linear, {a^h, c.) 

Empty frond punctate; f. v. segments 
with several inflations in lines and two 
at the end ; tr. v. elliptic with four infla- 
tions at each side and one at each end ; 
e. V. end lobe entire at margin. Sporan- 
gium orbi(;ular, with subulate spines. 
( 1 . 23, 24, tr. V. 25.) L. 1 -185"; B. J -357". 
= CosmariumIYdella{^\ enegh.), E. hinale 
(Kg.). G.B., 1., F., Italy, LI.S. A. 

E. (Ehr.). — J^Yond about twico 

as long &<i broad; segments inflated at 
the base, tapering upwards without sinua- 
into a neck, end not diluted, rounded, 
its notch liiiiiar. {ab, c.) 

Empty frond punctate ; f. v. segments 
turgid on the suilace, at the middle with- 
out circular inilations', tr. v. elliptic, with 
a single large infialion at each side ; e. v. 
end lobe entire at the margin, its divisions 
circular. J i. 1-315" ; B. 1-054". = E. binale 
(Kg.), Cosmarium ansatum (Kg.). G.B., 
L, R, G., Italy, L;.S.A. 

E. circularo (Ihiss.). — Frond about 
twice as long as broad, tapering upwards 
into a neck, end not dilated, its notch an 
acute incision, {nb, c.) 

Empty frond : segments with five basal 
inflations, four in a half circle round the 
fifth, and two others at the extremity, 
= Cosmarium circulare{Ki^.),E. circulare, 
var. JIassallii (Breh.). G.B., F., U.S.A. 

E. sinuosuni (Lenomiand). — Frond 
about twice as long as broacl, segments 
3-lobcd, basal portion cmarginate at the 
sides ; end lobe somewhat* dilated, its 
notch linear. (ab,c.) 

Empty frond punctate ; segments with 
five basal inflations and two others at ex- 
tremitg ; tr. v. elliptic, with three infla- 
tions ut each side and one at each end. 
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L. 1-325"; B. 1-549". = E, drmlare P 
(Rfs.), E. drculare, var. Faladensis 
(Br6b.). G.B., F. 

E. Jmncri (nobia). — Frond scarcely 
twice as long as broaa ; segments 3-lobea, 
basal portion mhquadratey einarginate. at 
the sides ; end lobe somewhat dilated^ its 
notch linear, (ah, c.) 

Empty frond punctate, segments with 
several small itiflations arranged in alter- 
nate lines. =E. circularey (Italfs), E. cir- 
eulare, var. Ealfsii (Brdb.). G.B., F. 

Mr. Haifa unites this and the two pre- 
ceding as three varieties of E. circtdare 
(llass.). They seem, however, to be 
quite as distinct as any other species de- 
scribed, not only in external outline, but 
also in the distribution of the superficial 
inflations. 

2 1 End lobe straight or concave without 
a central notch. 

E. pectinaturn (Bn^b.). — Frond rather 
more than twice as long as broad ; seg- 
ments 3-lobed, basal portion sidjquadri- 
lateral] lateral lobes honzontal, deeplv 
emarginate, end lobe much dilatetl, 
straight or slightly concave at ends, angles 
entire or emarginate. (ah,c.) h]mpty frond 
punctate ; f. v. segments with tlirce in- 
flations near tlie base; tr. v. elliptic with 
three inflations at each side and two at 
each end ; e. v. end lobe with two minute 
lobolets at each end, and two near them 
at each side. Sporangium orbicular, beset 
with conical tubercles, (ii. 10 & 30.) 
L. 1-3G2" ; B. 1-558". G.B., L, F, 

E. gemmatmn (Kg., Brdb.). — Frond 
scarcely twice as long as broad ; segments 
3-lobed, lateral lobes horizontal, deeply 
emarginate, the protuberances minutely 
granulate] end lobe dilated, its dilata- 
tions inclined upwards, and minutely 
granulate ; ends with a deep rounded emar- 
gination. (ah, r.) limply frond slightly 
punctate; f. v. segments with three 
granulate inflations near the base ; tr. v. 
broadly elliptic, with three granulate in- 
flations at each side and one at each 
end; e. v. end lobe cruciform, lobe- 
lets rounded, gi’anulate. L. 1-443"; 
B. .. 1-041", = Euastrum (Eucosmiuni) 
Hnssnllianum (Nag.). G.B., I., F., 

I’russia. 

3 * Frond without a distinct terminal lobe, 
frequently haring a process or acute 
angle at corners of terminal portion, 

E. rostratum (Ilalfs). — Frond scarcely 
twice as long as broad, oblong ; segment 
with their basal portion det?ply emargi- 
nsite at the sides, connected by a broad 


neck with the terminal portion; ends 
protuberant, amjular, acutely emarginate 
at the centre, and having at earn side 
a ho7nzo7ital subacute proJectio7i. (ab, c.) 
Sporangium orbicular, spinous; spines 
conical, attenuated. L. 1-050" to 1-580" ; 
B. 1-1000" to 1-714". (i. 20.) G.B., 
L, F., IJ.S.A. 

Fi. pulchcUu7n (BnSb.). — ^Frond rather 
more than one- third longer than broad, 
oblong ; segments with the basal portion 
I t7cice or tJmee acutely de7itate at each in- 
flated basal a7igle, and connected by a 
broad neck with the teraiinal portion ; 
tmds straight, acutely emarginate at the 
centr(5, angh^s acutely mucronate ; e.f. 
bearing at tlie C(;ntre"of each segment a 
single inflated 27ro}ninence bordo'edby a7\ 
a7mular siries of granules (in s.v. trun- 
cate), and a few scatt(?red gmnules near 
the projecting parts, (ah, c.) F. 

E. c/cjr/ff n.s(Breb., Kg.). — Frond minute, 
scarcely twice as long as broad, oblong ; 
segments Avith tlieir basal portion emar- 
giuate at the sides, connected by a broad 
neck with the terminal portion ; ends 
p7'otuhe7'ant, rounded, acutely emarginate 
at the centre, pmdmg ; s.v. with an iiiHa- 
tion at the base of the segments, sides 
concave, ends rounded, (ab^ c.) Sporan- 
gium orbicular, spinous. = E. hidentatum 
(Nag.). G.B., L, F., G., lJ.{8.vV. a, neck 
somewhat constricted, end portion bear- 
ing on each side an acute horizontal 
spme-like proj(‘(!tion. L. 1-888" to 
1-445"; B. 1-1441" to 1-714". ft seg- 
ments sinuated, neck not constricted and 
without 8j)ines. L. 1-421" ; B. 1-054". 
y, neck not constneted, lateral projec- 
tions bearing minute spines directed* ob- 
liquely outwards. = E. spmosum (Hass.). 
L. 1-884"; B. 1-1388". 

E. cre7iatu7n (^Kg.). — Frond very 
minute, about twice as long as broad, 
segments pyramidal, their lateral 77iargin 
ci'etude, ends broad, truncatt?, oitii'e. 
(ab,c.) F.,G. 

E. btfiale (Balfs). — Frond very minute, 
scarcely twice as long as broad, oblong ; 
segments with their basal portion (dther 
entire or bicrenate at the sides, ^^slightly 
contracted beneath the ends ; ends df- 
lated, not protulnra)\t beyond the angles, 
its central notch acute, broad ; tr.v. wUh 
two lateral inflations, ends truncate, 
angles rounded, (ahc.') h. 1-1570" to 
1-1428"; B. 1-2400" to 1-1400". (iii. 13.) 
= IIeteroea7'pella hmalis (Turp.), Cos- 
marium bmale (Meneghini), F. Ealfsii 
(Kg.), E. lobulahan (Breh.) ? E. duhknn 
(Niig.). G.B., I., F., IJ.S.A. ft frond 
rather larger, rough, with a few scattered 
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granules ; margins of segments crenate ; 
neute angles of end portion slightly 
horizontally prolonged, its notch small, 
rounded (prohably a distinct species). 

E. cuneatum (Jenner). — Frond large, 
rather more than twice as long as broad ; 
segments pyramidal, broadest at base and 
narrowing upwards, not lobod, the sides 
almost strai(fht‘, ends Inmcate, central 
notch linear. (oT^h'^c.) Empty frond 


without inflated protuberances. L. 
1-208" ; B. 1-420". G.B., I. 

E. pelta (Kg.Y — Frond about twice as 
long as broad, oolong ; scf/nie/ds qimdrate, 
each lateral margin with a small rounded 
protuberance or inflation at the base, 
another larger near the upper end, and 
another somewhat larger still at the upper 
antjle ; ends straight, not notched, {(tb, c.) 
= Cosmariwn Pelta (Corda). G. 


Genus COSMAllIUM (Corda). — Frond more or less eonstiictod ; segments 
mullvided, usually rounded, sometimes slightly siniiatcd, or rarely slightly 
contracted, somewhat extended and truncate at the ends, never notched, 
neither provided with spines nor processes; o.v. elliptic, and sometimes each 
side with a lateral opposite inflation, or circular. 


* Frond compressed ; central constriction 
a detp, muallg linear^ incision ; e.v. 
cojnpressed, either elliptic or suheruei- 
form, owing to the projection at each 
side of a protuberance or inflation, 

t ^largins of segnnmts entire, neither 
crenate nor graniilato. 

OosMAiiiUM sublobatum (Breb. sp). — 
Frond scarcely twice as long as broad, 
oblong; constriction liii(*ar, s(*gmonts 
subquadrate, somewhat wider at the biuse, 
lateral and eml margins slightly concave, 
smooth, transverse view <;rucitbrm. L. 
1 -523" ; M. 1-040". = Euaslrum ? sublo^ 
batum (lire!).). G.B., I., F., U.S.A. 

0. imsillum (Ilrt^b. sp.). — Frond very 
minute, slightly broader than long, con- 
striction acute, segments angulato-tra” 
pezoid, slightly naiTowing upwards, 
smooth, angles rounded, ends slightly 
concave. = Euastrum pusillum ( Ilrt^b.). E. 

C. quadratum (llalfs). — Frond about 
twice as long as broad, constriction deep, 
linear; segments quadrate, slightly pro- 
tuberant on each side at the base, with 
rounded angles at the imds, smooth ; e.v. 
compressed. L. 1-610" ; B. 1-952". 
G.B., F. 

C, Cucumis (Corda). — Frond about 
twice as long as broad ; constriction 
deep, linear ; segments as broad as long, 
witli the basal angles rounded, broadly 
rounded *at ends, smooth ; e.v. elliptic. 
L. 1-302" to 1-257"; B. 1-608" to 1-502". 
= Euastrum inteqerrimum (VAiv,), G.B., 
L, 1^., G., Italy, ’U.S.A. 

C. (Brtib.). — Frond large, 

slightly longer than broad, orbicular, 
constriction deep, linear ; segments semi- 
orbicular, rounded at basal angles, 
smooth ; e.v. elliptico-lanceolate ; endo- 
chromc radiate. L. 1-227"; B. 1-270". 
= C. Cucumis (Hass.). G.B., I., F. 


C. rupestre (Nag. sp.). — Frond rathcir 
more than twice as long as broad, con- 
striction not deep but linear; segments 
broadly oral, turgid, sides and ends 
broadly rounded, smooth ; e.f. purudale, 
puncta scattered. = Euastrum rupestre 
(Niig.). G. 

(y. pyramidatum (Bn^b.). — Frond 
scarcely twice as long as broad, suboval ; 
constriedion deep, linear; st*gmeuts pyra- 
midal, rounded at basal angles, somewhat 
truneate at the ends, puiicdate; e.v. 
broadly elliptic. Sporangium orbicular, 
tuherculated. ly. 1-471" to l-2(>4"; B. 
1-759" to 1-374". (Jir. 14, e.v. 15.) = iV- 
thiscus angulosus (K g. ) . G . B., 1 . , F. , I J . S. A . 

C. lagenarium (Corda). — Frond about 
twice as long ns broad, suhtdliplic ; seg- 
ments triangular, pgramidal, punctate ; 
ba.sal angles broadly roimdiMl, sides some- 
what concave, tapering, ends broadly 
rounded. = C. ansatmn (Kg.). G. 

C. tinetam (Ralfs). — h^'ond very 
minute, about as long as broad, constric- 
tion producing an acute notch at each 
side; segments elliptic, about twice ns 
broad ns long, smooth ; e.v. narrow 
elliptic. Empty frond somewhat reddish. 
Sporangium quadrate, smooth, witii an 
empty segnumt of the conjugated fronds 
permanently altnclnjd to eacli comer. 
L 1-2325" • B. 1-2500". G.B., 1. 

C. bioculatuni (Breb.). — Frond minute, 
about as long tos brocad ; constriction 
de(*p, producing a gaping notch at each 
side ; fiegment.s about twiccj os broad os 
long, elliptic, smootli ; s.v. compressed ; 
e.v. elliptic. Sporangium orbicular, with 
conical spines, L. 1-1410" ; B. 1-1773". 
G.B., I., F., U.S.A. 

C. depressum (Baihy). — Frond de- 
pressed, broader than long, coihstrictioii 
a dc(!p, narrow, acute notch; sc'gments 
about twice as broad ns long, angular at 
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ham. broadly rounded at ends, sniootli. 
U.S.A. 

C. granatmn (Br^b.). — Fi’ond minute, 
somewhat lonjjer than broad; constric- 
tion linear ; sej^nents broader than longf, 
rapidly taperiny^ truncalo-triampdary 
smooth; s.v. compressed; e.v. elliptic. 
L. 1-1234" ; B. 1-1602". G.B., I., F. 

C. polygonum (Niig. sp.). — Frond mi- 
nute, about one-third longer than broad, 
constriction shallow, linear; segments 
hvjcagonalf sometimes punctate, lateral 
margins and ends straight \ e.v. elliptic 
with a broad rounded inflation at each 
side. = Euastrum polygonum (N iig. ). G. 

C. Phaseolus (Briib.). — Frond in f.v. 
about as long as broad, constriction deep, 
linear; segments reniforniy smooth; e.v. 
elliptic, with a slight conical projection at 
each side. L. 1-787"; B. 1-833". =2;. 
depressum (Nag.)? G.H., 1., F. 

O. Papilio (Meiiegh.). — “ Segments 
smooth, triangular, with r(*ctangiilar 
apex, sides very sliglitlv simiato-undu- 
late, lateral angles produced, acute; e.v. 
linear with a lobe at middle of each sidej* 
JEuastrum ? Papilio (Kg.)* Italy. 

2t Mai'gins of segments crenate or 

slightly undulate, surface not granu- 
late. 

C. Meneghinii (Br<$b.). — Frond very 
minute, rather longer than broad, con- 
striction linear; segments subquadrate, 
hierenate at the sides and ends, smooth ; 
e.v. elliptic. L. 1-853" to 1-735"; B. 
1-1250" to 1-1176". = C. bioculatuyn 
(Menegh.), Puastrum bioculatum (Kg.), 
2. anyidosum (Breb.), 2. crenulaium 
(Niig.). G.B., I., F., G., Italy, U.S.A. 

C. crenatum (Ralfs). — Frond minute, 
not quite twice as long as broad, con- 
striction linear; segments obsoletely 
quadrate, crenate at the margin, flattened 
at ends, surface punctate; e.v. elliptic. 
Sporangium orbicular, spinous; spines 
verv short and stout, swollen at base, 
nn({ divided at the apex. L. 1-474" ; 
B. i-i\7S”,^Euastrum? sinuosum (Kg-). 

G.B., r., F. 

.G. undulatum (Corda). — b>ond rather 
larger than last, slightly longer than 
broad, constriction linear ; segments 
semiorbicular, ends and sides broadly 
rounded, crenate or minutely imdulato 
at margin; e.v. elliptic. Sporangium 
orbicular, spinous ; spines elongate, slen- 
der, swollen at the base and di\ ided at 
the apex. L. 1-410" ; B. 1-571". (ii. 
3.3, spor. 34). = Euastnnn crenulatum, e 
(Niig.)? G.B., 1., F., U.S.A. 


C. Neegelianum (Br^b.). — Frond in f.v. 
slightly longer than broad, constjiction 
deep, linear ; segments broad at the base, 
rapidly narrowing upwards, sides iviih 
several minute sinuations, ends broadly 
truncate, straight or very slightly undu- 
late, obscurely punctate; e.v. elliptic, 
sometimes somewhat inflated at the 
sides. =Euastrum (^Cosmarium) crenatum 
(Nag.), r., Q. 

C. tetragonum (Niig. sp.). — Frond in 
f.v. about twif;e as long as broad, oblong, 
constriction linear; si'gments suhquad- 
rate, somewhat narrowing from the bast', 
sides and end encli with three slight 
sinuations, those of tlie tmds ratlier 
.smaller, in each Inilf one large centj’al 
grauuhi ; s.v. si'gmeiits oral, roiuuUHi, 
constriction shall (>w. = Euastnim letra- 
gonnm (Niig.). 1., G. 

C. renustum (Breb. sp.). — Frond some- 
what longer tlian brojid, constriction 
deep, linear ; segments slightly narrowed 
upwards, with two somewhat deep sinua- 
tions at the sides, ends broad, truncate, 
slight Ig concave at the centre. =Euastrum 
renustum (Breb.). F, 

3t Fronds roiigli on the surface, with 
pearly granules, wliich give a deiiticii- 
late appearance to the margin. 

O. tvtrno 2 )hfhalmum (Kg., Breb.). — 
Frond about a third longer than broad, 
constriction deep, liii(‘ar; segnnuils funn- 
ing nearly fwtt-mirds of a circle, rougli on 
the surface with short and broad scattered 
pearly granules, giving a crenate a])pear- 
ance to the margin ; e.v. broadly c.'Tliptic. 
Sporangium orbicular, spinous; spines 
swollen at base, fiiielv branched. Tj. 
1-232"; B. 1-1326". G.B., I., G., F. 

C. Jirehisson ii ( JM eiiegh. ) . — h’ ron d 

somcwliat longer than broad, constric- 
tion deep, linear ; st'gments 
rough nil over with soniewliat rlonyafc- 
conical scattered pciarlv granules ; e. v. 
elliptic. Ij. 1-285"; B. 1-4(K)". = G. ynar- 
garitifenim (Kg.) ? G. B., I., F., G . 

Q. conspn sum (Ualts). — Frond .about 
a third longer than broad, constriction 
deep, linear; segments quaarilateral, 
angles rounded, rough all over with de- 
pressed gi-aiiules arraiigc'd in lirn\s; e.v. 
elliptic. L. 1-162"; B. 1-357".= C. 
lir^hissonii (Menegh.) ? G.B., F. 

C. Ungerianum (Niig.). — Frond large, 
rather longer th.au broad, (;ou.striction 
deep, linear ; segments much inflated at 
the h.aso, angles and sides rounded, nar- 
rowing upteurds, ends broadly truncate, 
rough at the margin, with a few large 
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rounded pearly granules placed in lineSf 
the dine punctaU ; e. v. broadly elliptic, 
tlie larg{3 pearly grniiultja confined to the 
rounded extreniitiesy reg;ularlv disposed in 
a few evident lines, the intermediate 
central sjutce lainclate. h. B. 

1-4JV".” = (Cosmariam) Un-- 

(ferianum (Niig.). G. 

(1 r>rn/e (Ball's). — Frond very laropc, 
elliptie, nearly twice ns long as broad, 
constriction very deep, linear ; segimnits 
somewliat broader than long, aomeu'hat 
triangulary rounded at endsy rough near 
the murginy with a hand of large pearly 
granulea, pnalncing a dentate appear- 
ance, the dine punctate; e. v. elliptic. 
L. l-i;5U"; Ji. W2iir. O.B., K., U.S.A. 

( ^ prremorsum (Bi'id).). — Frond rather 
longer than broad, constriction deep, 
linear ; segments broadly reniforniy sides 
romidod, ends somewliat truncate., rough 
with pearly granul(3s, an annular series 
ofn'hiehymore elevated than the rest y forms 
a ridge at the end hounding a circular 
depression ; e. v. elliptic;. F. 

(X niargaritifenmi (Menegh.). — Frond 
about as long as broa<l, constriction deep, 
linear; s(‘giuents reniform or seniiarhi- 
cular, rough all ovt^' with round and 
scattered pearly granules; e. v. elliptic. 
Sporangium orbicular, spinous ; spines 
branched at apex. B. l-hOd" to l-;i(X>"; 
15. 1-01)4" to 1-410". (j. L)s:iUrsinella 
margarilifera (Turpin), Euastntm mar- 
qaritiferum ( Ehr., Niig.), V. punctulatum 
( Bret).) ? O.B., f., F., G., Italy, U.S.A., 
Mexico. 

C. Vortianum (Archtn*). — Frond about 
one-third longer than broad, constriction 
detpy widcy somewhat round below, isth- 
mus funning a short neck ; segmmts ellip- 
ticy rough all over >vith ^ninute scattered 
pearly yranulvs ; o. v. elliptic. L. 1-(K)0" ; 
B. l-l);50". 1. 

C. latum (Brt^b.). — Frond large, about 
as broad as long, constriction deep, sub- 
linear; segments reniforniy rough with 
roundiMl pearly gi’aiiules an'anged in 
somewhat curved transverse lines; e. v.? F. 

0. notabile (Breb.). — Frond about one- 
third longer than broad, constriction 
somewlftit deep, acute ; segments slightly 
longer than broad, broadest at the ba,sey 
gradually narrowing npwardsy sides con- 
vex, ends truncate, rough all over with 
broad pearly gi-anulcs, giving a crenate 
appearance to the margin (endochrome 
in bands) ; e. v. oval, turgid. Sporan- 
gium orbicular, beset with numerous 
short stout .spines, inflated at the base, 
and deeply divided at the apex. V., G. 

C. amamum (Breb.). — Frond twice as 


long a.s broad, sides paralldy C7ids roundedy 
constriction deep, linear; segments rough 
with crmvded obtuse papilla-like pearly 
granules ; s. v. much compressed, about 
thrice ns long as broad ; e. v. elliptic. 
L. 1-5(38" ; B. 1-1141". G.B., F., U.S.A. 

C. Botrytis (Menegh.). — hVond rather 
longer than broad, constriction deep, 
linear; segments twice as broad as long, 
broadest at bascy narrowing upwards, sides 
rather round(;d, ends tmneafe, rough all 
over with scattonid rounded pearly gra- 
iiules ; e. v. broadly elliptic. Sporangium 
orbieul.ar, spinous; spines elongate and 
slightlv divided at the apex. B. 1-400" 
to 1-827"; B. l-(*>25" to 1-410". =7/c/c- 
rocarpella liotrytis (Bory), C. deltoides 
(Cord a), Enasfrum Botrytis (Ehr., Kg., 
biag.), K anyulosum (Ehr.). G.B., 1., 

G., F., Italy, F.S.A. 

C. protrartnni{Niiir. sp.).— Frond about 
as broad as long, coiistrietioii tbH‘p, linear; 
segments twice .as broad as long, infiated 
and broadest at the basCy rapidly taperiny 
info a somewhat evident neck, sides vtwy 
concarcy tuids ahrnplly tnmeate, rough all 
over with scattered pi arly granules ; 
c. V. broadly elliptic, .sliyhtly infiated at 
the middle, and gradually sloping to the 
roiiiuhal ends. L. 1-5^'" to 1-88"'. = 
Euastrum profractum ( Niig.). G. 

C. gemmiferum (Breb. in lit. c. i(;.). — 
Frond^ in (. \. about as long as broad, 
constriction deep, sublincar; segments 
broadest at the base, gradually naiTowing 
upwards, sides convex, ends truncate , 
rough all ov(‘r with pc'arly granules, 
somewliat an-anged in radiating lim\s, 
viwh segment furnished at the middle, 
on both surfaces, with a rounded protu- 
berance bordered with granules ; e. v. 
broadly elliptic, with tlie central trun- 
cate protuberance on each side. F. 

C. Turpinii (Breb.).— Frond about as 
long as broad, constriction deep, linear ; 
segments twice as broad as long, some- 
Avhat triangular, much infiated and 
hroadlg rounded at tlio ba^^e, rapidly at- 
tenuated, sides concavcy ends truncate, 
rough all over with scattered pt‘arly 
gi-anules, and with a cimtral granuJati'd 
protuberanee ; v.. v. narrow-ellipticy wdth 
the ci'iitral broad truncate protuberance 
on eac;h side. = Ileterocarpella Bidelta 
(Turpin), C. Bidelta (Kg.). F., G. 

G. biretu7n (Bnib.). — Frond in f. v. 
about as long as broad, constriction deep, 
linear; segments quadrilateral or sub- 
hexayonal, narrowest at the base and 
diluted upwards, convex or somewhat 
truncate at eiuLs, rough all over Avith 
small granules arranged somewhat in. 
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lines ; e. y. vritli a rounded lobe on each 
side and rounded at ends. L. ; 

JJ. 1-372". G.13., 1^. Var. triqueittim 

(Br4h.) : e. v. with tJiree roimdcd angles* 
sides deeply sinuous 7 

C. Broomed (Thwaites). — Frond in 
f. V. about as long as broa^, constriction 
dee^, linear ; segments quadrilateral^ ends 
straiyhtf angles rounded, rough all over 
with minute granules ; e. v. twice as long 
as broad^ slightly inllated at the middle 
and rounded at the ends. Sporangium 
orbicular f smooth. L. 1-600" : 11. 1-540”. 
(i. 7.) G.B., F., TJ.S.A. 

C. ceelatum (Ralfs). — Frond in f. v. 
about as long as broad, suborbicular, con- 
striction deep, linear; seyments seniior- 
bicular, with six broad crenatures at mar- 
yhij rough at maryin with scattered 
pearly granules, and at the centre with 
granules somewhat concentrically ar- 
ranyed ; e. v. twice as long as broad, 
with a broad inhation at each side. L. 
1-921” to 1-581”; B. 1-1024” to 1-008”. 
(n. 26.) G.B., I., F. 

C. ornatum (Ralfs). — Fi’ond in f. v. 
about as long as broad, constriction deep, 
linear; segments seniiorbicular or sub- 
reniforni, with a central truncate pro- 
jection at the ends produced by the con- 
tinuation of a central iiiflationy rouyh 
towards the maryins and on the hiflation 
with pearly granules ; e. v. with a rounded 
lobe on each side. Sporangium orbicular, 
spinoiLS ; spines elongated, dilated at the 
base, and slightly divided at the extre- 
mit 3 ^ L. 1-013”; B. about the same. 
G.B., F., U.S.A. 

0. Sportella (Breb.). — ^Frond about as 
long as broad, constriction deep, linear ; 
segments reniform, with a central trun- 
cate 2}roJection at the endsy its anyles 
sliyhtly dilated and denticulatej rough all 
over with scattered pearly granules. F. 

C. Corhula (Breb.). — Frond about as 
long as broad, constriction deep, linear; 
segments subreniform, a central truncate 
l^rojection at the ends with its anyles 
sliyhtly dilated and minutely denticulate] 
furnished at the centre of each seyment 
with a circular protuberance bordet'cd with 
yranuleSj and rouyh thereon and towards 
the maryins with scattered pearly gra- 
nules. F. 

C. commissurale^Bv^h.). — Frond small, 
in f. v. one-third broader than long ; 
constriction very deep, rounded; seg- 
ments narrow-rcniforniy with a central 
somewhat truncate projection, produced by 
the continuation of the central inflation, 
rowjh on the hiflation and on the extre- 
mities with somewhat large pearly gra- 


I nules ; o. y. three times longer than 
I broad, constricted between the central in- 
^fiation and the rounded extremities. Spo- 
rangium as in C. ornatum. 1j. 1-923" ; 
B. 1-603" to 1-009". (1., B., F. 

acutiim (Brdb.), angles sharper. 

C. cristatum (Ralfs). — Frond in f. v. 
as long as broad, orbicular, constriction 
deep, linear ; segments semiorbicular, 
margined by a series of obtuse papilla- 
like pearly yramdes, and having at the 
centre of each a circular yranulate infla- 
tion ; e. V. linear, truncate at ends, with 
a slight central inflation at each side. 
L. 1-700” ; B. 1-053”. G.B., F. 

C. plueiale (Br<5b. in lit. c. ic.). — Frond 
about one-third longer than broad ; con- 
striction a shallow tcide notch ; segments 
subovate, gradually tapering, cuds round- 
ed, or broadly rotundato-truncate, 7'ouyh 
all over with ininute yranules ; e. v. 
elliptic. F. 

2* Frond not compressed; central con- 
striction rarely a deep, never a linear, 
incision, hut ^nerely the result of the form 
of the contracted bases of the seyments : 
e.v. circular, or, very rarely, compressed. 

i t Frond rough with pearly granuhis, 
which give a denticulate appearance 
to the outline. 

C. Colpopelta (Breb. in lit. c. specimino). 
— ^Frond rather more than twice as long 
as broad ; constriction a shallow contrac- 
tion ; segments somewliat widening up- 
wards from the base, oval, sides and ends 
broadly rounded, very minutdy yranulate, 
granules scattered ; e. v. circular. F. 

C. cylindricum (Ralfs). — Frond minute, 
in f. V., about twice as long as broad ; 
segments subquadrate, narrower at the 
junction and yradually widiminy upwards, 
ends truncate, rough all over with p(*arly 
granules somewhat arranqed in lines ; 
e. v. circidar. L. 1-588” ; B. 1-1000”. 
(ill. 10, e.v. Yl .)—Fenium Ralfsii (Kg.). 
Gr.B., I., F. 

C. striolatum (Nag. sp.). — Frond in f. v. 
about twice as long as broad, elliptic ; 
constriction a shallow rounded sinus ] 
segments with sides and ends ^ broadly 
7'ounded, pearly granules arranyed in lines 
and giving the margin a crenate appear- 
ance, except at the central sinus, which is 
smooth. Li. 1-10'”; B. 1-33”'. = Dy- 
sphinctimn striolatum (Nag.). G. 

C. orhiculatum (Ralfs). — hVond minute, 
in f. y., twice as long as broad ; constric- 
tion deep; seyments spherical, rouyh all 
over, except at the neck-lik^ contrac- 
tion, with pearly granules ; e. v. circular. 
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JSporanjfiiim orbicular, spinous; spines 
short, stout, conical. L. 1-198" to 1-454" ; 
li. 1-750". = Pt^wmm orbiculatiim (Kg.). 
a.B., F. 

2 1 Frond smooth. 

C. tnomlifonne (Tlalfs). — Frond mi- 
nute, in f. V. twice as long as broad ; 
constriction deep ; segments ftj)her{cal, 
smooth' e. V. circiihu*. Tj. 1-017"; H 
l-llill". = Tessarthroma moniliformis 
(Tnrp.), Tcssarthra moniliformis (Ehr.). 

C. connatum (lireb.). — Frond Ini’ge, 
in 1*. V. about oue-lialf longer than broa<l ; 
constriction shallow; srymmts about two- 
thirds of a circU^j coarsely punctate ^ and 
with a distinct, sometimes striated^ bor- 
der; e.v. circular. L. 1-285"; 11. 1-1155". 
= Dysphinctinm Menenhinianum (Nag.). 
G.B.; F., TI.S.A. 

C. Cuenrhita (Breb.). — Frond in f. v. 
about twice as long as broad ; constric- 
tion a shallow groove ; segments suh- 
ci/lindrical, or somewhat oval, with 
rounded ends; e. v. circular ; e.f. punc- 
tate y the puncta scattered, L. 1-580" ; 
B. 1-1 155". =^Penium clandestinum (Kg*)* 
G.B., I., F., G. 

C. Palanyida (I3r(5b.). — Frond in f. v. 
about two and a half times as long as 
bmad ; constriction a shallow groove ; 
segments cylindrical ; ends obtuse ; e. v. 
circular ; e. f. minutely punctate, the 
puncta arranged in transverse lines. F. 

0. ? cruciferum (De Bary). — Frond 
minute, in f. v. about twice as long as 
broad ; conshiction an (extremely shallow 
groove ; segments subcylindrical ; ends 
broadly rounded ; vndochrome composed 
of four broad plates cutting each other at 
right angles ; e. v. circuLar, endachrome 
cruciform ; e. f. not punctate. L. 1-140"'; 
B. 1-287"'. G. 

C. Thwaitesii (Ralfs). — Frond in f. v. 
two or thi*ce times longer than broad; 
constriction a veiy shallow groove ; seg- 
ments subcylindrical, with rounded ends; 


endochrome scattered ; e. v. circular, or 
very slightly compressed; o.f. not punctate, 
or puncta very indistinct. L. 1-057" ; 
B. 1-801". = Pi minm crassimcidum ( De 
Bajy) ? G.B., F., G., IJ.S.A. 

CT. curtum (Brdb.J. — Frond in f. v. 
rather more than twice as long as broad ; 
constriction very shallow; segments at- 
tenuated and rounded at ends ; endochrome 
in fillets ; e. v. circular, endochrome ra- 
diate. L. 1-405" ; B. l-10G4''. = Pcmwm 
curium (Breb., Kg.), Dysphinctium Mege- 
lianum (Niig.) ? G.B., F., G. 

C. attenuatum (Br6b.). — Frond in f. v. 
fusiform, three, or sometimes four, limes 
longer than broad ; constriction very 
shallow; segments conical, rapidly at- 
tenuated, ends angular, obtuse ; e. v. cir- 
cular ; e. f. punctate. L. 1-420" ; B. 
l-109i)" to 1-10(*>8". G.B., F. 

C. parvnlum (Brtib.). — Frond minute, 
in f. V. ovato-elliptic, about one and a 
half times longer than broad ; central 
constriction a very shallow groove; seg- 
ments tapiering, ends broadly rotundato- 
tnmeate ; e. f. not punctate, F. 

C. tiirgidum (Bnib.). — Frond very 
large, in f. v. oval, turgid, rather more 
than twice as long as broad ; constriction 
a shallow simis ; segments somewhat 
tapering, broadly rounded ; e. v. circular ; 
c. f. nunctate. L. 1-12(5"; B. 1-249". 
= Pumrotfenium turgidum (Do Bary). 
G.B.,F., G. 

O. J)e Bnryi (nobis). — Frond in f. v. 
about twice as long as broad ; constric- 
tion a wide shallow notch ; segments 
cylindrical, with broadly rounded ends ; 
endochrome arranged in parietal indented 
hands; e. v. circular; e. f. miiiutoly punc- 
tate or puncta absent. = Plmirotcenium 
Cosmai'ioides (De Bary). G. 

With great delerenco, wo place the 
above species here, as described by 
M. de Bary, coinciding with M. do BrtS- 
bisson in thinking the disposition of the 
endochrome not sufficiently constant to 
form the genus Plourotajnium. 


Genus XANTHIDIUM (Ehr.). - 
broader than long, cx^mpressed, entir 
or conical projection on both surfaces 
dentate, or entire ; end view elliptic, 

* Spines divided at the apex, 

Xantiiidium armatum (Brtib.). — 
Frond large, in f. v. t^vic(^ as long as 
broad ; constriction deep, linear ; seg- 
ments broadest at the base ; ends rounded 
or somewhat truncate ; spines in pairs, 
principally marginal, shoii, stout, termi- 


— Frond deeply constricted ; segments 
e, spinous, having a circular, cylindrical 
mar the centre, which is tuberculatedr or 

nated by three or four diverging points ; 
central projections cylindrical, truncate, 
the border dentate ; e. f. punctate. “ Spo- 
rangium large, orbicular, with depressed 
tubercles ; perhaps immature " (Unlfs). 
L. 1-180"; B. 1-270". (i. 27, 28.) = 

Zifgoxanthium Echinus (Kg.). G.B., I., 
F., O., U.S.A. 
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X. (?) Artiscon (Ehr.). — Frond in f. v. 
about as long as broad ; constriction 
fonning a wide notch ; segments narrowed 
at the oitscy with broadly roiindtid ends ; 
spines mmicromf restricted to the outer 
maryinf scattered, ehnyate, stout, termi- 
nated by three or four diverging points. 
= Asteroranthium Arctwcon (Kg.)* 

2 * ^ines subulate. 

X* aculeatum (Ehr.). — l^ond in f. v. 
broader than long; constriction deep, 
linear; segments somewhat renifonn; 
spines subulate, short, scattered, chiejly 
maryinal ; (jentral protuberance cylin- 
drical, truncate, bordtu’ minutely dentate. 
fj. (not including spines) 1-380"; B. 
1-1347" to 1-393". = Zyyoxanthium 
aculeatum (Kg.). O.lh, I., Italy, O. 

X. Jirehissonii (llalfs). — hVond in f. v. 
broader than long; constriction deep, 
acute, not linear; sc'gments .whellipttc, 
sometimes iiTegubar ; spines .subulate, 
yeminate, maryinal', central protuberance 
cylindrical, truncate, borefer minulely 
dentate. L. (not including spines) 1-410"; 
J3. 1-108" to 1-305". = A", hisenarium 
(Ehr.), Zyyoxanthium acidealum (Kg.). 

segments broader and more irregular, 
spines somewhat irrt^gular and unequal. 
G.J3., I., F., G., U.S.A. 

X. fascieulatum (Ehr.). — b^ond about 
as long as broad ; constriction deep, 
liiK'ar ; segments somewhat reniform or 
suhhexayonal, twice as broad as long; 
spines slender, subulate, yeminate, niar^ 
yinal, in four or six jniirs', central pro- 
tuberancii short, conical, somewhat trun- 
cate. a, segts. with four paim of spines. 
= X. anfilopreum (Bveb.), X. polyyonutn 
(1 1 ass. , Brtib. ) . I j. (not including spines) 


1-454" to 1-350" ; B. 432" to 408". /3, 
segts. with six pairs of spines. = A. fasci- 
cmatum, var. polyyommi (Ehr.), Jt. fas- 
ciculatu7n .(Hass., Br6b.). L. 1-481"; 
B. 1-510". G.B., I., F., 6., Italy, U.S.A. 

X. cristatum (Breb.). — Frond rather 
longer than broad; constriction deep, 
liiKjar ; segments subreniform, or truncate 
at e}id8 ; spines straight or curred, subu- 
late, marginal, owe at each side, at the 
base of the seyment, solitary, the othci's 
yeminate, in fi)ur pairs; central protu- 
berance short, conical, a, segts. reni- 
fomi, spines scjircelv curved. L. (not 
including spines) 1-357" ; B. 1-499". 
(ii. 18 &; 23.) /3, segments tmneatt'. at 
ends, spines uiurinate. L. 1-409"; B. 
1-025". G.B., I., F., TT.S.A. 

X. Smithii (Archer). — Frond minute, 
in f. V. about as long as broad ; constric- 
tion {,a wide notch ; segments twice as 
broad as long, trapezoid, lower margin 
somewhat convex, sides narrowing up- 
wards and straight, ends broad and 
straight, angles rounded, each of the four 
nnyles presenliny a pair of somewhat 
diveryent, short, minute, acute spines ; s. v. 
constriction sliallow, obtuse ; segments 
with rounded sidt^s, ends truncate, each 
upper anyle furnished with a minute sjiine, 
beneath each of which, about half way 
down, there occurs aiwther similar spine, 
all the spines somewhat divergent ; e. v. 
subelliptic, or broadly fusiform, ends 
blunt, rounded, f urnished with tlu'ee 7ni- 
7iute spines, none on the sides', central 
protuberance a minute tubercle, apparent 
always in this view, but in s. v. some- 
times hidden by the projecting central 
spines. L. 1-11G6"; B. 1-1272". G.B. 


Genus AllTHUOIlESMUS (Ehr.). — Frond deeply constricted ; segments 
compressed, either with four prominent amjles and a single or geminate spine^ 
or a tooth, at each anyle, or having one spine or acute tooth only, on each side, 
at each upper or outer extremity ; without a central projection ; e. v. elliptic 
or fusifomn. 


* Seyments with fimr prominent anyles 
a7id a simple or yeminate spine, or an 
qcute tooth, at each anyle. 

Authiiodesmus octocornis (Ehr., 
IIa.s3., Br«5b.). — Frond smooth, minute, 
about as long as broad; constriction a 
\rido notch ; segments mnch compressed, 
trapezoid, ('ach angle tiuminated by one 
or two straiyht, subulate, acute spines, the 
int('rvals between the angles concave. 
a, spiue solitary at each angle. L. 
l-bT)! " ; B. 1-15:18". (1.30.) larger, 


spines geminate at each angle. 1 j. 
1-1()20" ; B. 1-900". (i. 29.) = Micra- 
sterias octocornis (Menegh., Kg.), Xan- 
thidium octoconie (Ehr., Ralfs). G.B., 
I., F., G., Italy, U.S.A. 

A. bijfidus (Brdb.). — Frond smooth, 
very minute, about as broad os long: 
segments sometvhat arcuate, hmtn' 7naryin 
convex, outer concave, extremities diver- 
gent, emaryinate, each anyle terminatiny 
m an acute tooth ; o. v. compressed, fusi- 
fonn, with a short acute spine or tooth 
at each end. F. 
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2 ♦ SeymmU with a single acute tooth or 
spine at each side, 

A. miniitus (Kg’.). — Frond very mi- 
nute, smooth, two or three times longer 
than broad ; constriction a minute acute 
uotcli ; segments natrow, lateral margins 
parallel, ends round!}" concave, angles 
slightly produced into minute spines 
directed upwards. F., G. 

A. Pittacium (13r<5b. sp.). — Frond mi- 
nute, smootli, two or thi*ee times longer 
tlian broad ; constriction a minute acute 
notcli ; segments very slighilg injtaied at 
the base, sides curved, end mai'gin roundly 
(roiicave, angles acute. = Euastrum Pii~ 
tamim (I3reb.). F. 

A. Incus (Hass.). — Frond minute, 
smooth, ^ long as or longer than broad ; i 
constriction a deep notch or sinus ; seg- ■ 
ments with inner margin turgid, outer 
truncate, spines subulate, acute. Sporan- 


j gium orbicular, spinous ; spines subulate. 
I &.B., L, F., G., U.S.A. a, segments 
! somewhat semiorbicidar, connected by 
I a distinct neck, spines diverging. 1^. 
: 1-1100" to 1-lGGO" ; B. 1-1000" to 
^ 1-1420". fi, segments gibbous near the 
base, spines pai*allel or converging, (iii, 
30.) Li-833"; B. 1-1110". 

A. suhdutus (Kg.). — Frond minute, 
smootli, about ns long os broad; con- 
striction a wide acute-angled notch ; 
segments broadly fustform, spines hori- 
zontal, straight, sleiicfer, subiilato; ends 
convex. G.,’ U.S.A. , 

A. conrergens (Ehr.). — Frond smooth, 
broader tlian long; constriction dtH‘p, 
acute ; segments elliptic, each having its 
lateral spines curved towards those of the 
other : ends convex. L. l-lt'i3t)" to l-bi)8" ; 
B. 1-1477" to =sStaurastruni con^ 

rergens (Meiiegh.), Euastrum conrergens 
(Niig.). G.B., 1., F., G., U.S..\. 


Gtiiius STAUKASTIIUM (Moycn). — Frond more or less deeply constricted 
ut the middle ; segments broader than long, often pro\dded with spines or 
processes; end view angular or radiate, or circular with a lobato-radiaie 
margin, or very rarely compressed with a process at each extremity. 


* Segments in f, r. with each of the ojjpo^ 
site lateral extremities furnished teith a 
mucro or a simple suhidate acute awn 
or spine, tvhieh in e. v. terminates the 
angles, and ivithout others intermediate. 

t Si’gmimts smooth, angles in e. v. 
intlated, sides concave. 

Staitii AS riiUM dejectiim (Breb.). — Seg- 
ments ill f, V. lunate or elliptic, smooth, 
miicroiies or awns directed upwards, pa- 
rallel or convergent ; e. v. with three or 
four angles, angles injlated, mammilUite, 
terminated by a mucro or awn, sides 
concave at the centre. Sporaiigiiini or- 
bicular, at first covered with minute hair- 
liko spines, afterwards beset with stout 
subulate spines, and placed between the 
deciduous empty fronds. 1 j. 1-833" ; B, 
X-lbT' Gomoegstis (^Trigonocystis') mu- 
cronwki (Hass.), a, segments exteniaUy 
lunate, awns directed outwards ; seg- 
ments elliptic, nwns parallel ; y, awns 
converging. G.B., 1., F., U.S.A. 

S. apicidatum (Bi*«5b.). — Segments in 
f.'V. somewhat turbinate, smootli, oppo- 
site lateral extremities rounded, external 
margin straight, fiiniislied at each side on 
the upper outer margin near the latiwal 
extremities teith a simple, short, subulate, 
acute spine directed upicards ; e. v. with 
three angles, angles inllated, manimillate, 
tonninated by a short acute spine, sides ! 


concave. Sporangium orbicular, bi'set 
with (Minical spines, oiilargt'd at the base 
and obtusij at the apex. F. 

S. Dickiei (Kalfs). — Segments in f. v. 
siibelliptic, turgid, smooth ; spines shorf, 
curred, acute, converging with those ol‘ 
the opposite segmi‘nt; e. v. with three 
angles, angles injlated, rounded, tevmi- 
iialcd bv a spine, sides concave at the 
mitro. k 1-855"; H.1-92S)". (1.1$., I., K 
*S. brerispina (Bn^b.). — Segments in f. v. 
elliptic or somowliat veniform, very tur- 
gid, snn)otli ; mucroiK^s minute, inconspi- 
cuous \ e. V. with threii angles, angles 
inflated, broadly rounded, terminated by 
an inconspicuous mucro, sides concave at 
the centre. L. 1-502" ; B. 1-510". G.B., 
I., F. 

S. cuspidatum (Brt5b.). — Segments in 
f. fusiform, or truncate on outer mar- 
gin, connected by a long narrow band, 
smooth ; awns subulate, straight, acut(‘, 
paralhd or somewhat converging; o. v. 
with three or four angles, angles inllak'd, 
mammillate, terminated by an awn, sides 
concave at the ciaitre. Sporangium or- 
bicular, covered all over by the enlarged 
bases of the few spines, whiirh are iiUi- 
matedy much attiiiiiiated and acute. I i. 
1-883"; B. I-IOOO". (i. 31 -;U.) = P%e- 
aslrum cuspidatum (Kg.), P. spinulosum 

(Xiig.)- 1.1 Italy. 

S. anslifvrum (Balls). — Segments 
3 a 
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smooth^ in f. v. prolonged at each lateral 
extremity into a mammillate projectionf 
whifh is tenniuated by a subulate, acute, 
straight awn, the awns divergent; e. v. 
with three or four angles; angles inflated, 
mammillate, terminated by an awn, sides 
deeply concave at the centre. L. 1-657"; 
B. 1-1064". G.B., R, U.S.A. 

2 1 Segments smooth, angles in c. v. not 
inflated, sides straight, or nearly so. 

S. G'McaHi (ArcherV — Segments 
smooth, in f. v. somewiiat cuneifm'my 
yradually tcichmny upioardity outer margin 
truncate, awns acute, divergent ; o. v. with 
three or four acute angles terminated by 
an awn, aides straight. Sporangium orbi- 
cular, spinous; spines subulate, acute, 
ultimately somewhat inflated at the base, 
a, e. V. with four angles, awns compa- 
ratively short. L. 1-1866" ; B. l-2(j()0". 
/3, c. V. with three angles, awns longer. 
L. 1-1750" ; B. 1-2300". I. 

S. minus (Kg.). — Segments smooth, 
very minute, in e. v. with^rc angles, each 
terminated by a very minute acute s^jitw, 
sides straight. G. 

S. glahrum (Kg.)* — Scgnieiits smooth, 
in f. V. cuneate, ends coiujave or straiglit, 
spines si ender,mucro-like; e.v. witli three 
mucronate angles, sides concave. I., G. 

3t Segments rough with minute 
granules. 

S. lunatum (Balfs). — Segments in f. v. 
externally lunate, the inner margins con- 
vex, the outer somewhat truncate, and 
rough with ininuto granules; spines subu- 
late, acute, curved, oliliquely direeted out- 
wards and upicards] e. v. with three in- 
flated rounded angles, terminated by a 
spine, sides concave at the centre. L. 
1-856" ; B. 1-086". G.B. 

S. granulosum (Ualfs). — Segments in 
f. V. broadly f usiform, granulate, lateral 
extremities pointed, mucronate', e: v. with 
three subacute mucronate angles, sides 
convex. ^Desmidium granulosum (Ehr.), 
S. acutum (Br«5b.). E., G. 

2 * Segments in f, r. with each of the op- 
posite lateral extremities furnished with 
a macro or a simple subulate spine, 
which in end vietv terminates the angles, 
and is accompanied by others interme- 
diate of a similar character, 

S. pimgens (Br6b.). — Segments in f. v. 
externally lunate, the inner margin 
curved, the outer truncate, smooth ; the 
lateral marginal spines subulate, cun:ed, 
directed obliquely outwarda ami vincards, 


with six other spines on the outer margin, 
also directed outwards ; e. v. with three 
angles, each terminated by a spine, and 
with two others at its base on the upper 
surface, and divergent at opposite sides, 
sides nearly straight or slightly convex. 
G.B., R, tJ.S.A. 


S. ertstatum (Nag. sp.). — Segments in 
f. V. broadly elliptic, inner margin some- 
what more turgid than the outer, siib- 
mammillato at each side, terminated by a 
mucro or short spine, and possessing on the 
outer margin a few others direeted towards 
the anyUis: e.v. with thrive subocaite niii- 
cronate angles ; sides convex, with an in- 
wardly curved, suhmarymal, single series 
of short muero-Ukc splines directed to- 
wards the angles, sometimes wanting 
near the middle. L. 1-540" ; B. l-54;l". 
= Phycastrum (f\tvhyaclinium') cristatum 
I, Slauraslrum nitidum (iVi’cher). 


L, O. 


3 * Sey?nenfs with each of the opposite 
lateral extremities furnished tvitli a bifid 
or forked spine, its subdivisions subulate, 
acute, in e. v, terminating the angles, 
and aqpearing as a muero-like spine, 
with or without intermediate spines, 

S. Avicula (Br6b.). — Segments in f. v. 
triangular or cuneate, ends truncate, 
smooth, with a single forked spine on 
each side ; e. v. with three inflated angles, 
the bilid spine appearing as a mucro, sides 
concave. L. 1-U67"; B. 1-948". (in. 18, 
O.V. 19.) G.B., R 

S. dcntieuhitum (Niig. sp.). — Segments 
in f. V. subelliptic, inner margin sonui- 
wliat more turgid than the outer, both 
undtdate or toothed in a scolloped manner, 
with an unequally forked or geminate 
spine on each side, the uqyper longer than 
the lower, the lateral projections having a 
series of iramvtrse rows of minute gra- 
nules ; 0. V. with three subacute angles, 
the spine appearing as a mucro, sides 
slightly concave at the centre, the ynar- 
gin toothed as mentioned before. 

1-70'"; thickness ^Phycastrum 

denticulatmn (Nag.\ G. 

S. armiyerum (Brdb.). — Segments in 
f. V. turgid on inner margin, outer trun- 
cate, smooth, -with a forked spine on each 
side, and a few simple or forked, sometimes 
minute, spines disposed at egual ifitert^als 
between, on the outei' margin ; o. v. with 
throe angles, the bifid spine appearing as 
a mucro, and the intemiediato spines 
projecting on each side. Sporangium or- 
bicular, spines numerous, elongate, sub- 
linear, fo^ed at the apex.sS. spinosum 
(Ralfs). G.B., L, R 
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S. montictdomm (Br6b.). — Segments 
in f. V. broadly elliptic, smooth, wdth a 
forked spine on each side, and at the end 
six stout conical projections directed ttp^ 
wardsy each terminated by an acute spine ; 

e. V. with three or four acute angles, sides 
concave, the terminal projections extend- 
iny on each seV/c, conjiuent at their bases, 
from beneath which a minute, subulate, 
spine-like projection arises between them 
and eaeli angle. L. 1-500" ; B. 1-700". 
= Stephanoxanthium inonticulosiim (Kg.). 
G.B., 1., F. 

S. Ehreidjergianum. — The longitudinal 
outline of the segments obliquely oval, 
the inner margin convex, diverging, the 
outer margin very convex and broadly 
truncate at the ends ; tlie sides in e. v. 
slightly undulate, mcinbrano smooth, 
having at each angle a largo spine, di- 
vided to the middle, consisting of two 
legs, and on tlie tcivmiual surface three 
pairs of such spines, and between each 
of them and the angles a pair of smaller 
simpler spines. = Vhyeastium Ehrenber- 
gianum 1-(5(V"; tliickness 

1-70"'.’’ AVe have not seen a drawing 
of the above species, and give tluj above 
description following as nearly as pos- 
sible Niigeli’s own words, inserting it 
here as most probably its most fitting 
place. 

4* Segments with numerous simple aetde 

spines, in f. r. no one in particular ter- 
minating the opposite latetud extremities; 

e. V, angles entire, rounded, the sjnnes 

scattered, 

S. hirsutum (Br<5b.). — Segments in f.v. 
semiorbicidar, separated by a linear con- 
striction, covered with very minute, very 
numerous, close-set hair-like sphies j e. v. 
with three broadly rounded angles, the 
spines evenly and numerously scattered ; 
sides slightly convex. Sporangium or- 
bicular, beset with short spines, branched 
at the apex. L. 1-670" to 1-408"; B. 
1-8J13" to .:=\anthidmm hirsutum 

(Ehr., Kg.), Goniocystis (Trigonocystis') 
muricalKt (Hass.). (t.B., I., R, U.S.A. 

S. pilosum (Nfig. sp.). — Segments in 

f. V. obliquely elliptic, slightly divergent, 
tlfe outer mar^n more turgid than the 
inner; e. v. with three rounded angles, 
sides concave ; scattered all over, cxctjpt a 
small space at the centre, with extremely 
fine hair-like ^ines, minutely capitate at 
their extremities; siu’face between the 
spines smooth. “ L. 1-65"' ; thickness 
1-66'".” Phycastrum pilosum (Nag.). M. 


! do Brdbisson is disposed to doubt the 
accuracy of Niigeli’s drawing (Einzell. 
Alg. 8 A. fig. 4), the spines are indeed 
so very curious. 

S. Erebissonii (nobis), — Segments in 
f. V. ovato-lnnceolate, tno lateral extre- 
mities rounded and furnished thereon 
with numerous skoH, close-set, hair-like 
spines, otherwise smooth ; e. v^^with three 
broadly rounded angles, the spines con- 
fined to ilie extremities, sides concave. = 
S, pilosum (Brdb.). F. We are obliged 
to alter the specilic name of this species, 
— pilosum having been employed by Nii- 
geli beforti for tlie preceding species. 

S. erosum (Bri5b). — Segments in f. v. 
elliptic, the lateral extremities furnished 
with mnmu’oiis extremely short acute 
spines, sometimes inconspicuous, sur- 
face granulated all over ; (i. v. with three 
broadly rounded angles, the spines con- 
fined to the anglt'S, sides concave. F. 

S. eehinalum (Brob.). — Segments in 
f. V. elliptic, fmuislied with numerous 
sjnnes, somewhat broad at their base, ex- 
ceedingly acute, chiejly confined to the outer 
margin ; e. v. with throe angles ; angles 
and sides broadly rounded, bordered alt 
round by the spines. F. 

S. teliferum (Balfs). — Segments in f.v. 
elUptie or subreniform, funiisJiod with a 
few scattered, elongate, subulate, acute 
spines ; e. v. with three broadly rounded 
angles, the spines scattered, chiefly con- 
fined to the extrejnities, surface botwe«m 
j the spines smooth, sides concave. Spo- 
rangium orbicular, besot with numerous 
elongate linear spines, forkinl Jit tlio apex. 
L. 1-597"; B. 1-646". (iii. 20, o. v. 21.) 
CI.B., 1., F. 

S. Ilystrix (Ralfs). — Segments in 
f. V. sidfqnadrate, extremities somewhat 
rounded, end margin nearly straight, fur- 
nished with a few scattered, subulate, 
acute spines, chiefly confined to the late- 
ral extremities ; c. v. with three or four 
broadly rounded angles, the spines scat- 
tered, chiefly confined to the extremities, 
sides concave. L. 1-1075" to 1-1020"; 
B. 1-1165" to 1-954". G.B. 

5 * SeymenU with tiumn'ous short, trun- 
cate, emaryinate, scattered spines, prin- 
cipalty confined to the margins; e.v. 
atiglf^s rounded; if angles spinous, no 
spine in particidar conspicuously larger 
than the other's tenninating the angles, 

S. spongiosum (Br6b.). — Segments in 
f.v. semiorblcular, furnished with scat- 
tered short, stout, forked spines, the 
spines at the lower basal angle of each 
2 
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rather larpfor than the others ; e.v. ^yith 
three somewhat rounded angles, sides 
conreXf and bordered aU round with the 
spines, L. l-r>00" to 1-418” ; B. 1-623” 
to 1-47(5”. (hi. 22, e.v. 2Z,)=DomiuUum 
ramosnm (Ehr.), Asten'oxanthium ranio- 
sum (Kg.), Phycastmni Griffithsianiim 
(Nag.). G.B., i., R, G., U.S\A. 

S. scabrmn (Br^b.). — Segments in f.v. 
subeUiptic or broadly fusiforniy very 
rough or denticulate at the margin ; e.v. 
with three rounded dtmticulato angles, 
sides straight, bordei'ed by minute^ shoi't, 
truncate emaryinaie spines, F. 

S. «^m//u'(Bi>5b.). — Segments in f.v. 
broadly elliptic, very rougli, with very 
minute, short, truncate or forked spines 
chiefly confined to the outer margin; 

e. v. with three rounded angles, sides 
straight. Sporangium orbicular, beset 
with numerous elongate spines, twice 
branched at the apex. L. 1-565”; B. 
1-615". G.B., I., F. 

6 * Segments without spines , e.r, angles 
roitndtil, 

t Frond smooth. 

S. muticum (Brtib.). — Segments in f.v. 
elliptic, smooth, without spines ; e.v. wdtli 
three or four broadly rounded angles, sides 
concave. Sporangium besot with nume- 
rous elongate somewhat stout spines, 
forked at the apex. L. 1-674”: B. 
l-(i86”. = /S'. trUobum (Menegh,), Phyc^ 
astrimi muticum (Kg.), P, de2n'cssum 
(Niig.). G.B., I., R, Italy, U.S.A. 

S. orbicuhire (Ralfs). — Segmemts in 

f. v. semiorbicular, smooth, without 
spines ; e. v. with tlirce broadly rounded 
angles, sides slightly concave. L. 
1-1037”; B. '\~\\QiS",=Desmidmm orbi- 
cidare (Ehr.), Phycastrum orbiculare 
(Kg.), Goniocystis <^'iyonocystui) orfti- 
eularis (ILuss.). G.B., I., ¥,\ G., Italy, 
U.S.A. 

S. coarctatum (Br6b.). — Segments o&- 
long, lateral extremities rounded, inner 
margin convex, oute}' somewhat concave at 
the centre (inversely renifonn), smooth ; 
e.v. with three inflated roimded angles, 
sides concave. J’. 

S.^//^m<»MW 2 (Br^b.). — Segments in f.v. 
cuneiform, outer maigin slightly convex, 
smooth; e.v. with three bhmt angles, 
sides slightly convfcx. Sporangium orbi- 
cular, beset with protuberances bearing 
each two bifurcate spines at their sum- 
mits.” R, G. 

2t Segments having the projecting por- 
tions surrounded by annular transverse 


lines (rows of puncta or minute gra- 
nules ?). 

S. stnolatum (Nag. sp.). — Segments 
in f. V. reniform, divergent, ends concave, 
each of tfio leiteral portions crossed by 
about Jive ti'onsverse lines (annular rows 
of closely set punc-ta or minute gra- 
nules?); e.v. wdth three rounded angles, 
sides concave, each of the proji?ctions 
crossed as before by about five transvei’se 
lines, the central portion smooth. L. 
1-100”. = Phycastrum striolatum (Nag.). 
G. 

3t Fronds rough superficially with scat- 
tered gi*anules. (Sometimes S, tri- 
come might b(^ thought almost to come 
in here ; but the extremities in that 
species arc more prolonged into di- 
stinct processes, usually colourless, 
and mostly^ divided at the apex. Ilt^re, 
also, might S. asperum and S. scabrum 
se(‘m to fall in ; but they arc provided 
with very short and truncate spines on 
some paii; of their margin.) 

S. nmricalum (Breb.). — Segments suh~ 
elliptic, the outer margin more turgid 
than the inner, rough all oxer with 
scattered conic granules •, e.v. with three 
angl(?s, both angles and sides broadly 
roimded, L. 1-400”; B. l-474”. = 7Ms- 
midium apieulosum (Ehr.), Xanthidium 
deltoideum (Corda), Phycastrum apiculo- 
sum (Kg.), P. muricatum (Kg.), Gonio^ 
cystis ( l'riyo7wcystis) fnuricata, fi (11,'iss. ). 
G.B., R, G., Italy. 

S. punctulatiwi (Breb.). — St^gments in 
f.v. elliptic, equal, rough \vith scattered 
jnmeta-like granules ; e.v, with three 
broadlv rounded angles, sides concave. 
L. 1-704” ; B. 1-881”. G B., L, R 
S. rugulosmn (Breb.). — Segments in 
f.v. broadly elliptic, equal, 7'ough with 
scattered gi'anutes, ginug a denticulate 
uppearaywe to the margin, especially at 
the opposite lateral exireinities ; e.v. with 
thixie broadly rounded denticulate angles, 
.sides straight or nearly so. F. 

S. pdeolatum (Breb.). — Segments in 
f.v. quad7*at€, the basal angles rmmded 
ami rough with minute granules, aides 
with a broad shallmo si^nis, the upper 
margin terjninatmg m tlwec conspicuous, 
large, rounded, conical, vet'y slightly di^ 
vergent projections, which ore rough with 
minute granules ; e.v. with three rounded 
angles, sides entire. F. 

S. Capitulum (Br^b.). — Segments in 
f,v. quadrate, sides with a rounded sinus 
at the middle, the basal and upper angles 
cronated, rounded, upper margin straight ; 
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c.v. with three broadly rounded crenated 
angles, sides nearly straight, each with a 
slight shallow depressimi or comtriction at 
the m iddle, F. 

S. alternam (Brdb.). — Segments in f.v. 
elliptic or ohlomjy two or three times 
as broad as long, separated by a wide 
sinus, ticlstedy unequal ; rough with very 
minute pearly grtinules ; e.v. with three 
obtuse and rounded angles, forming short 
not colourless rays, alternating with 
those of the other segment, sides con- 
cave. L. 1-1087"; (ir. 10,17.) 

= Gomocystis (Triyonocystis) hexaceros 
(Hass.), S. dispar Cl.ll, L, 
F.,U.S.A. 

S. diUiUitum (Elir.). — Segments in 
f. v. fusiform^ their lateral extremities 
obtuse, vqunlf rough with pmu5ta-liko 
pearly granules; e.v. with tour rotun- 
dato-truncate angles, fonniiig short, 
broad, not colouihiss rays, sides eoncavti. 
L. 1-1201"; ll.l-1.88l".==P/f/AY/.v^/vem di- 
latatum (Kg.), Goniocystis i^Staurastruni) 
dilatata G.B., 1., F., G., Italy, 

U.S.A. 

S. crenalum (Bailey). — Segments in 
f.v. fan-shapvd in outlincy separated by a 
wide rounded sinus^ inner margin 
smooth^ outer semicircular^ eremite ; c.v. 
with tliree rotnndato-truncato ermate 
Jingles, sides concave, smooth. U.S.A. 

7* Segments with or without spines; in 
f. V. with spines (if any) few and scat- 
tered; in e. V. anyh'S emaryinate or 
hifidy or truncate and the extremities 
plane and quadranyular. 

iS. hifidum (Balfs). — Hognients in f.v. 

. . . . ; in e.v. with three acutely bifid or 
emaryinate anylesj the teetli acute ; sides 
concave. = Desmidium biJUlum (Ehr.), j 
Phycastmm bijklmn (Kg.), nec Gonio- 
cystis (S,) bifida (II ass.). F., G. 

S. qtutdranyulare (Breb.). — Segments 
in f.v. subquadratCf with a few short 
bifid or tooth-like spines spreadinylaUn'aUyj 
otherwise smooth ; e.v. with four trun- 
cate and emaryinate a fiyles'y sides concave. 
L.I-n67"; 11.1-110^3". (in. 24, e.v. 25.) 
/3, angles in c.v. broader, with /oar teeth 
at the extremity, and two minute teeth on 
upper side (Br^b.). G.B., F. 

• S. Cerberm (Bailey). — Segments in f.v. 
truncato-oblony, smooth ; the opposite 
lateral extremities abruptly truncate, ex- 
ternally plane and quadranyular, the an- 
gles drawn out into acut(3 sj}ine-like ex- 
tensions or teeth, two projecting upwards 
and two downwards ; e.v. with three 
abruptly truncate angles, extremities as 


in f. V. plane and quadranguloi', the teeth 
at the angles divergent. U.S.A. 

8* Seyments without ^ines; in f,v, and 
e.v, the anyks terminated by eiiher a 
conspicuous rounded nippk-lihe projec- 
tion, or an cnluryed rounded knob, or 
an elonyate capitale process, 

S. tumidum (Br^b.),-^Segments in f.v* 
elliptic, turyid, smooth; their margin 
striated, mid their opposite lateral ex- 
tremities furnislied with a rounded con- 
spicuous nipple-like projection ; e.v. witli 
three or four angles, the nipple-like pro- 
jection ti'rminating the angles, sides 
convex ; e. f. punctate ; gelaiinoua in- 
vestment very evident. E. 1-200" ; B. 
1-250". = aS'. orlncularc (Meiiogh.), Pkyc- 
aslntm tumidum (Kg.). G.B., I., F. 

ylolmlatum (Breb.). — Segments in 
f.v. fusiform, capitate', e.v. with three 
.anglt's, each enlarged into a rounded 
yranulated knob, sides nearly straight. 
*(111.20, e.v. 27.) F. 

S,bacillare (Brt5b.). — SiJginents in f.v. 
somewhat eachdiveryent fi’oin the 

opposite segment, somewhat attenuated, 
Jinally capitate, smooth', e.v. with from 
three to live capitate my^,=sPhycastrum 
bacillare (Kg.). F, 

9* Seyments in f.i\ with the opposite 
lateral extremities each tapiriny into a 
sinyle more or less elonyate colourless 
process divided at the apex, which in 
e,r, terminates the anyles, with or with- 
out intermediate simple or truncate 
S2Hnes. 

t Segments smooth. 

S. brachiatum (llalfs). — Segments in 
f.v. smooth, narrow below, widening up- 
wards, ends truncate, the lateral extre- 
mities each produced into a smooth, elon- 
gate, straight, tapering, divei'ycnt protress, 
bifid or triiid at the apex; e.v. tri- or 
quadriradiate, sides concave. E. 1-1111"; 
B. 1-1785". = Goniocystis (S.) biiida 
Hass.), Phycastrum ItalfsiUK^,), G.B., 
., F., G. 

2t Segments rough with superficial 
granules, those on the processes ar- 
ranged in transverse lines. (A poly- 
moiphum has sometimes a few incon- 
spicuous scattered spines.) 

S. tricorne (Breb.). — Segments in f.v. 
somewhat fusiform, often twisted, rough 
with minute puncta-like granules, taper- 
ing at each side into a short usually co- 
lourless proctrss, blunt, or divided at the 
apex ; c.v. tri- or quadriradiate, processes 
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shorty usually colourless, sides somowhat 
concave. Sporangium orbicular, beset 
with si)ines ultimately branched at the 
apex. L. 1-1276" to 1-972" ; B. 1-948" 
to 1-697". =Desmidium hexacerm (P]hr.). 
Phycastrum tricorne (Kg.), P. trilohatum 
TKg.) ? P. hexaceros (Kg.) P, P. Ralfsii 
(Nag.), P. crenulatum mag. in part). 
G.B., I., R, G., U.S.A. 

S. cyrtocemm (Br«Sb.). — Segments in 
f. V. mhcuneatej gradually widening up- 
wards, truncate at the end margin, 
rough with minute granules, the lateral 
processes incurved^ divided at the apex ; 

e. v. triradiate, processes short, curved, 
sides slightly concave. L. 1-800"; B. 
1-600". =P/«/cfw<n«m cyrtocenim (Kg.). 
G.B., L, R, IJ.S.A. 

S. ihjiexum (Brt^b.). — Segments in f.v. 
broadly elliptiCy inrwr ami outer maryin 
turgidy rough with minute granules, 
lateral processes incurvedy shorty divided 
at the apex; e.v. tri- or quadriradiate, 
processes short, sides concave. F. 

S. hrachycerum (Br(5b.). — Segments in 

f. v. ovato-liinatey inner maryin turyid, 
outer equally roundedy rough all over with 
minute gi’aimles, and on the outer mar- 
gin very rough with minute, acute, short, 
almost si)ine-like granules ; lateral pro- 
cesses incurved, divided at the apex; 
c. V. triradiate, processes short, straight, 
sides somewhat (loncave. F. 

S. polymoi'phum (Br^b.). — Segments 
in f.v. broadly elliptic or almost circular y 
rough with minute granides (sometimes 
with a few minute scattered spines), 
processes shorty stouty tipped by three or 
four diveryent spines; e.v. with three, 
four, live, or six angles, each produce.d 
into a short stout process. Sporangium 
orbicular, beset with (dougate spines, 
forked or branched at the apex. L. 
1-1000" ; B. 1-1157". (ii. 20, 21, 24, 26, 
& 31.) G.B., I., R, U.S.A. 

S. y radio (Ilalfs). — Segments in f.v. 
trianyulavy ends truncatey rough with 
minute granules, tapering at each side 
into elonyatCy straiyhty shndery horizontal 
processes, terminated by three or four 
minute spines ; e.v. triradiate, processes 
straiffhty sides concave. L. 1-773" to 
1-639"; B. 1-348" to 1-372". (m. 28, 
e.v. 29.) = Goniocystis (^Triyonocystis) 
yradlis (Hass.), Phycastrum yracue 
(K^O- O.B.,L,F. 

b. paradoxum (Meyen). — Segments 
in f.v, yraduully wideniny upwards, the 
ends truncate, rough 'with minute gra- 
nules, processes straight, (doiigate, slen- 
der, diveryent, trifid at the apex; o.v. 
tri- or quadriradiate, processes straight. 


sides straight or very slightly concave. 
L. 1-941" ; B. l-llo5". = Phycastrum 
paradoxum (Kg.), Gotiiocystis (/8.) para- 
doxum (Hass.). G.B., I., R, G., Italy, 
U.S.A. 

3t Segments furnished with variously 

disposed spines, which are either sim- 
ple, or short and notched at the apex. 

S.probosddmm (Br^b.). — Segments in 
f.v. broadly cuneiform, ends somewhat 
convex, rough with very minute, short, 
tiuncate spines, chiefly confined to the 
outer tnaryin, processes short, thick, trifid 
at the apex ; e. v. triradiate ; processes 
short, stout, sides concave. L. 1-656"; 
B. 1-500". =<& «.spcno«, /3 (Ralfs, Breb.). 
G.B., I., F. 

S. controcersum (Bitib.). — Segments in 
f.v. elliptic or broadly fusiform, some- 
times irregular, fm’nished with scattered, 
irregular y simjde or notched spines pro- 
cesses sliort, yenerally curved, spinulose, 
terminated by minute spines ; e. v. tri- 
radiate, the processiis twisted or curved. 
Sporangium orbicular, spinous ; spines 
twice brimcluMi. L. 1-972" ; B. 1-880". 
Goniocystis ( Idyonocystis ?) aculeatum 
(llass-j. 

S. aculeatum (Menegh.). — Segments 
in f.v. broadly fusiform, furnished with 
thickly scatUn'cd simple or notched lynnes ; 
processes elongate, spimdose, straight, ter- 
minated by minute spines; e.v. 3-6- 
radiate, the processes straight, sides con- 
cave. I i. l-OtJO" ; B. 1-600". = JJesmidium 
aculeatum (Kh.), Phycastrum aculeatum 
(Kg.), Goniocystis (^Triyonocystis') aculea- 
tum (Hass.). G.B., I., F., 6., Ittd^. 

S. vestilum (Ilalfs). — Segments m f.v. 
fusiform, outer maryin bordered by minute 
cmaryinate spines ; processes elongate, 
rough, teiminated by minute spines; 
e.v. 'triradiate, the processes elongate 
straight, sides concave, furnished at the 
middle with a pair of conspicuous slend<^' 
forked sjnnes, sometimes accompanied by 
a few others shorter either simple or 
notched. L. 1-625" ; 13. 1-384". (m. 30, 

e. V. 31.) G.B., I.,‘F. 

S. oxyacantha (Archer). — Segments in 

f. v. broadly fusiform, rough with fninute 
granules, furnished on the outer rnarpin 
with six subulate acute depressed spines 
(hmr of which are apparent in this view); 
processes elongate, incurved, the granules 
thereon arranged in transverse lines^ ter- 
minated by three or four minute spines ; 
e. V. trirjidiate, the processes elongate 
straight, sides somewhat concave, end 
furnished at the middle with a pair of 
very slender extremely acute svdmlate 
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spines projecting to each side. L. 1-770 ' ; 
B. 1-580'^ to l-t53G". 1. 

10* S(‘ffments in with the opposite 
latei'al extremities terminating in one 
or two elongate colourless jtrocesses 
mostly divided at the apex ; and in c.v. 
either tapering into a single process at 
each angky and furnished with others 
between or above of a similar character 
definite in tmmherj or the angles fur- 
nished with two short processes side by 
side and unaccompanied by others, 

t Si^gnionts at cud view witli the addi- 
tional processes more than one for 
angle, and placed on the margin or 
upper surlactj, and diviirging laterally. 

S. furcatum (I3r<5b.). — Segments 
smooth, in f.v. broadly tdliptic, furnished 
at t^acll opposite lateral extremity with a 
colourless bilid proc(».s.s, and witli six 
others similar and divergent on external 
margin (four only of Avliich are usually 
visible)} e.v. with three acute angles, 
each tapering into a tenninal proctiss, 
and each bearing two others on the upper 
surface^ placed to each sah\ and project- 
ing lattu’ally. li. 1-8(K)"; 11. 1-1.K)0".= 
Xanthidium furcatum (Ehr.), Astero- 
xanthiam furcatum (Kg.), A. bisenarium 
(Kg.)P U.R, r.,F. 

S. senanuni (Ehr.). — Segments 
smooth, in e.v. >vitn tbreo angles, each 
terminating in a short proc(*s8 tipped by 
minute spines, and having six other short 
forked processes on the margins^ two at 
each side and projecting laterally, and 
six others on the upper surface, conlliumt 
at tli(;ir bases, divergtuit at their extre- 
mities, and forked j sides straight, (ii. 7.) 
= Stephanoxanthium senarium (Kg.). 
IJ.S.A. 

S. eiiste^hanum (Ehr.). — Segments 
gi’anulate, in e.v. with three angles, each 
tenninating in a short process tipped by 
minute spines, without latet'ol processes, 
but with six others confluent at their 
bases on the upper surface, divergent and 
forked, (ii. ^.)=iSt(phanoxanthimn euste- 
phanum (Kg.). TJ.S.A. 

S. ^hrenoeryii (Corda). — " Corpuscles 
par paire, vus de cdtd, ovales ; vus d’en 
haut, triaiigulaires, munis do six ap- 

S endices tenninaux et lateraux, et ac 
eux aiitres appendices ceutraux, qiii 
sont courts, blancs, cu fourchette, mais a 

S ointes divergentes ” (Corda, * Obs. 

[icr. des Animalcules de Cailsbad,’ 
1840). In Corda’s figure the f. v. is 
somewhat like that of S. furcatum, 'Hie 
segments ore broadly fusiform, the pro- 


cesses ai'G all very short and stout, and 
the bifurcations very divergent (fonned 
indeed somewhat like the tail of a Jish). 
ssj^anthidiu/n Wirenbet'yii (Corda, /. e, ), 
S. articulatum ( Corda j. — Corpuscles 
ovales, par paii’e, munis mix deux bouts 
d’uii appondice a deux cellules, qiii so 
divise encore cn foime do fourchette, et 
lateralemoiit en deux appendices plus 
longs a quatre ccdlules, et une poiiite en 
fourcliette. Sur les deux cotes plats, so 
trouveiit deux protiiberoiicos traiis- 
versales, dgalemciit pourvues de deux 
allongcmeiiU cellulaires en fourcliette ” 
(Corda, /. c.). In Corda’s figures the seg- 
ments in f.v. are elliptic, the processes 
stout, elongate, transversely striated (by 
' rows of gi'amiles?), bifurcate, the bifurca- 
tions recurved. articulatum ((km la). 
Neither of the figures of the foregoing is 
explanatory ; both, how^cver, seem to be 
distinct species. 

2t Segments with the additional pro- 
cesses one for each angle, and placed 
on the upptu* surface immediately 
above those tenninating the angles. 

S,fuvciyermn (Bn^b.). — yegments in 
f. V. twice as broad as long, separated by 
a deep constriction, rough with pearly 
granules, terminating at each side in two 
elongate, stout processes, bifid at the apex, 
placed one above the other, the inferior 
liorizontal, the siipenor directed ob- 
liquely outwards and divergent, both 
having tlio granules thereon in trans- 
verse lines ; e. v. \vith three or four 
angles, each extremity terminating in a 
process and having the other imiiUHli- 
ately above it on the upper 8urfa(!e, sides 
concave at the centre. Ij. Jl. 

1-357" inch processes, (iii. 32, e.v. 33.) 
= Didgmocladon fureigcnis (Italfs), Aste- 
roxanthium furcigerum (Kg.), Xanthi- 
dium coronatum (l^hr.) ?, A, caronatum 
(Kg.)? G.B., L, E., G., U.S.A. 

S. longispiniim (Bail. sp.). — Segments 
in f. V. triaiigiihir, truncate on outer mar- 
gin, smooth, torniinating at each side.* in 
two muck elongated stout processes, sub- 
acute at the apex, placed one above tlio 
other, divergent j e. v. with thrtie angles, 
each extremity terminated by a pW)ces 3 
and having the other immediatidy above 
it on the upper surface, side 8tr{iight.= 
Didipnocladon lonymnnum (Bailov). 

u.s;a. 

3t Segments with two processes from 
each angle placed side by side. 

S. IcDve (Ralfs). — Segments in f. v. ex- 
ternally lunate or somewhat cuneate, with 
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tho onds somewhat protuberant, smooth, 
torminatinc^ at oacli side in a pair of 
short sUmt processes placed side hy suh^ 
(one only of which, however, is apparent), 
ilirectiid upwards and divergent, forked 
at the apex j o. v. with three or four 
angles, each terminated hy the pair of 
short processes separatt^d hy a romulcd 
shittSf sides deeply concave. L. 1-1220" ; 
n. 1-2127". Cf.B.,F. 

1 1 * Segments in f. i\ with intch opposite 
lateral extremity termumtinyin a colour- 
less process^ either shorty rounded, and 
dentate, or elongate and entire at tlw 
end; e.t\ circular, margined with from 
fire to^ sereii processes, or compressed, 
and with hut two processes. (8. poly- 
inorpluini sometimes has fire rays, ami 
the e. r. apjicars almost circular,' hut the 
extremities of the jmocesses are not entire 
hut tipped with minute spines.') 

t End view circular. 

S. sexcoslatum ( Ikdb. ). — Segments in 
f. V. suhorhicidar, furnished on each .side 
with a short, hroad, truncate, dentate pro- 
cess, and with slight cremate elevations 
on the outer margin ; o. v. circular, bor- 
dered hy fire or six short, rounded, den- 
tate, colourless marginal rays. L. l-GOl"; 
n. l-83i3" to 1-C04". = Goniocystis (^Pen- 
taster ias) Jenneri (II ass.), Stephanoxan- 
thimn sexcostatiim (Kg.). G.ll, I., F. 

►S. maryariiaeeum (Menogh). — Seg- 
ments in f. V. gradually Avidcning up- 
wards, rough with pearly granules, oiitm* 
margin convex, produced at each side 
into a colourless, more or less attenuate 
short process, ha\nng the granules in 
transverse lines, blunt and entire at the 


apex^ ; o. v. circular, bordered by from 
five to seven short, naiTow, obtuse, co- 
lourless, granulate marginal rays. Ti. 
1-117(5"; B. 1-1000" incl. processes, 
(ill. 34, e. V. 35.) = Peniasterias marga- 
ritneea (\iA\x.y,Phycastrum margaritaceuni 
(Kg.), Gtmioq/siis (Pent.) margaritacca 
(Hass.), Phycastrum rotundatum (Kg.). 
G.B., {., F.;G., U.S.A. 

8. Araehne (Ualfs). — Segments in f. v. 
suhorhietdar, rough with minute gra- 
nules, loAvcr margin turgid, outer convex, 
tapering at each side into an elmigate, 
slender, incurved process having the gra- 
nules thiircou in transA^erso lines, entire 
at tho apex ; (\ \. circular, bordered by 
fil e slender, linear, colourless marginal 
rays. L. 1-1020"; J5. l-(552" incl. pro- 
cesses. == (7w;»ocyA‘//s(/V*wte/m(rw) arach- 
nis (ITass.), Phycastrum Arachm (Kg.), 
P. radiatum (Kg.) ?. G.B., F. 

2 1 End view compressed. 

S. tiftracemm (Ralfs). — Segments in 
f. gradually widening upwards, rough 
with minute graiiidcs, oiittu* margin 
truncate or concave, taperiny at each 
lateral extremity into an eUmgated, very 
slender, colourless process, having the 
granules thorion in transvcrsi) lines, 
entire at the apex and divergent ; e. y. 
7nnch voinpressed, with a process at each 
extremity. L. 1-2703"; B. 1-1785". = 
S. paradoxum ( Ehr.), Goniocystis (S. H) 
paradoxum (Hass.), Phycastrum para- 
doxum (Kg.). G.J}., L, t’., O., U.S.A. 

[8. morme (Ralfs) is omitted, this 

E laiit having been, as we think, shown 
y Do Bary {(p. cit.) to bo a I’oly- 
edrium.] 


2. hronds distinctly, faintly, or not at aU constricted at the middle, very 
rarely less than three times, mostly many times longer than broad. 
Sporangia smooth, and cither spherical, elliptic, quadrate, or cruciform. 

Genus TRIPLOCERAS (Bailey). — Frond very elongate, straight, constricted 
at the middle ; segments Avith numerous whorls of knot-like projections, ends 
three-lohed, lobes hidentate. Endochromo with a terminal rounded clear space, 
in which are active granules. 

TniPL0CF.iiA8 vcTtidllatum (llailey). T. gracilc (Bailey 1. — Frond rather 
— hrond stout, suture prominent, seg- slender, suture prominent, segments ten 
ments about eight or ten times longer or twelve times longer than broad, with 
tluiu broad, with numerous whorls of numerous whorls of prominent, some- 
prominent, broad, truncate, emaryinate what triangular, roundly blunt prqjoc- 
projections. (iii. 37.) = Docidium virti- tions. 5= Doeidimn vertinllatum (Ralfs), 
ciUatum (Ralls). U.S.A. U.S.A. 


(u*mis DOCIDIUM (Brcb.). — Frond very elongate, straight, consiricied at 
the middle ; segments with an iullation at the base (very raroly not so), often 



OF THE J)ESMID1E.E. 


745 


with others (ibovo, or with whorls of knot-like projections, ends abruptly 
truncate, Endochromc with a terminal rounded clear space at each end, in 


which are active f?raniilcs. 

Doctdium rvrruoomm (Hailey). — 
Froiul railior stout, suture forniiug a 
rim; segments live or six times longer 
tli.an broad, with numerom small equal 
umlulatious duo to so many whorls of 
small tuberde-liko proininoncos ; ends 
entire. U.S.A. 

1). nodosum (Haile v). — Frond stontj 
suture forming a rim ; segments three or 
four tinu's as long as broad, with four 
prominent inflated nodes, ineludiny the 
hasal, which is somewhat the Largest, 
and wliitdi are. duo to so many whorls of 
knot-lik(i prominences or large tubercles; 
ends entire ; e. v. crenate. U.S.A. 

D. cm'onatnm (Hr6b.). — Frond stout, 
Rutiiro foianing a thickened prqj('cting 
rim ; sc'gments four to six times Jia long 
ns broad, tapei'inrf, r(‘gidarly inilated up- 
wards from the base, so as to produce 
an uudulahd margin, the basal inllation 
the most prominent, tluj otlunvs less so, 
.and wanting towards the tmds ; ends 
bordered by prominent luhereles, projecthuf 
all round) e. v. circular, bordered by the 
tubercles; o. f. coarsely punctate. F. 

D. nndulaium (Haibiv).— Frond slender, 
suture forming a ininuto rim, sc'gments 
(‘iglit to ti'u times as long as broad, 
wUh six or viyht sinuations at reyular in- 
ter rals, producing as many iiillations 
besides the basal, which is not larger 
than the othem ; ends and bases crenate, 
U.S.A. 

1 ). ^/i7*cwA«y/«Y (H alls). — Frond shuidcir, 
linear-, suture forming a very sharply- 
d(dined rim ; s<?gmenta eight to twelve 
times longer than broad, basal inflation 
hai-iny another smaller one above it, sides 
otherwise straight, ends crenate, 

owing to a number of emarginations 
from the edge of the truncate extremi- 
ties, from three to live of the crona- 
tures being usually visible ; e. f. punc- 
tate, or rough with minute granules. 
Sporangium suborbicuhir or elliptic, or 
slightly angular, smooth, placed between 
the deciduous empty fronds. Ciliated 
zoospores formed by segmentation of the 
cell-contents, and their emission eflected 
tlArough the opened apex of each of one, 
two, or three specially-formed lateral 
tubes arising from beneath the base of 
one of the segments (vide sujyra, p. 716; 
111.40,47). U.l-7rto 1-56"; H.l-llll" 
to 1-061". (li. 8 & \\.) = PleuroUenium 
Ehrenberqhii ( 1 )e Hn rv ) . U . H., 1 . , F. , f r. , 
U.S.A. 


H. clavatum (Kg.). — Frond slender, 
suture scarcely prominent, 8egment.s 
eight or ten times tis long as broad, 
.slightly clavate, near the ends, and %dii- 
matehj somewhat attenuated, basal inlla- 
tion .sometimes solitary, somotimos hav- 
ing another slight one above it; ends 
entire-, e. f. punctate. Tj. 1-65" ; H. 1-8 L‘{". 
(ii. 0.) = Pleuroteenium clavatum (Do 
Hary). O.H., I., F., Cl., U.S.A. 

1). nodulosum (Hreb.). — Frond very 
stout, the thickened suture foiming a 
projecting rim ; segments four to six 
times iis long a.s broad, scarcely atte- 
nuated, reyularly inflated at intervals so 
as to produce an undulated mai’gin, tluj 
basal indatiou the most prominent, tlio 
others a.s they approach the ends les.s so, 
where* they are indistinct or wanting ; 
ends entire) e. f. cimrsely punctate. L. 
1-50"; H. 1-428". = 1), ennulatani (^h]lir.), 
Pteurotesnium nodulosum (l)e Jhirv). 

G. H., I., ¥,, (}., U.S.A. 

I) . truncatum (Hri5b.). — Frond stout, 
the thickened suture fonning a rim ; seg- 
ments tbriK) or four times longer tliaii 
broad, taperiny, basal inllation solitary, 
sides otherwise yradually curved; ends (‘ii- 
tiio; o. f. \nmcU\U\ = Pleurot(enium Irun- 
calum (Niig., Do H.). L. 1-81" to 1-72" ; 

H. 1-527" to 1-420". G.H., T., F., G. 

J) . constrieliini (Hailey). — Frond stout, 
suture not prominent ; segments live or 
six times longer than broad, not at- 
temiated, with four distinct equidistant 
sinuations producing four equal gently 
curv'ing prominences besides the basal 
inflation ; ends (‘iitiro. U.S.A. 

D. liamlum (Hr«5b.). — Frond slender, 
suture not prominent; segments very 
niany times longer tlian broad, basal 
inflation r-n-y conspicuous, solitary, sides 
otherwise straiyht, very tiearly liarallel, 
large gi’anulcs of the endochromo in n 
single series; ends entire; e. f. without 
puncta. L.l-ni"; H. 1-1667". (iii.;J8.) 
== PUmrotamium Baculum (Do Hary). 
G.H., F., G., U.S.A. 

1). minutum (Halfs). — Frond slender, 
suture not prominent; .segments four to 
six times longer than broad, somewhat 
taperiny, inJUitwn obsolete, sides straiyht, 
ends entire ; e. f. without puncta. L. 
1-212"; H. 1-1582". = Penimn lialfsii 
(De Hary). G.H., I., F., G., U.S.A. 

D. hirsntum (Haihiy). — Frond rather 
slender, .sutim* not pmniiuent, sogments 
four to six times a.s long as broad, 
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not taperingy miUition ohsolete, ends en- 
tire, surface aU over' minutely spinousy or 
hirsute. U.S.A, 

KUtzin^ (Sp. Alg.) describes one or 


two otlicr species of Docidium ; but the 
characters given seem hardly distinctive, 
and appear sometimes more like generic 
characters re-stated. 


Genus TETMEMORUS (Ralfs). — ^Frond elongate, straight, cylindrical or 
fusifoiTn, constricted at the middle ; segments more or less tapering, not in- 
flated at the base, ends with an acute incision, the subdivisions rounded. 


otherwise quite entire. 

Tetmemohus Brehmonii (Ralfs). — 
Frond about five or six times longer 
than broad ; in f. v. ivith parallel sidesy 
the constriction a very shallow groove ; 
in s. V. fusiforniy the constriction very 
slightly deeper ; endochrome with a lon- 
gitudinal seiies of light-coloiufod largo 
granules; e. f. punctate, the panda in 
longitudinal rotes. L. 1-142"; 11. 1-704". 
(ii. 12 & 13.) = Closteriuni Brehissonii 
(Meiiegh.), Penium monile (Kg.), P. stri^ 
ato-punctatum (Kg.) ? G.ll., 1., F., G., 
Italy, TJ.S.A. targidus, larger, stout(‘r, 

constriction diioper. y, (J)e llary), 

smaller than either, otherwise extermdly 
similar, endochrome in longitudinal 
fillets. 

T. Irevis (Ralfs). — ^Frond smaller than 
lost, scarcely one-half its length, about 
three or four times as long as broad; 
in f. V. somewhat taperingy the constric- 
tion a shallow depression ; in s. v. fasi^ 
form, end sometimes with a hyaline 
lip-like projection extending beyond the 
notch ; e. i. punctate, puncta faint but 
evident, scattered. Sporangium smooth, 
in f. V. at first quadrate, afterwards 


broadly elliptic ; in s. v. compressed, 
enclosed in a central cell placed between 
the ultimately deciduous empty fronds. 
L. 1-374" to l-33()"; R. i-i244" to 
1-1073". = Penium (^Tetmemorus) Brc- 
hissmiii (Kg.). G.H., L, F., G. 

T. minutus (De Rary). — Frond minute, 
shorttu* than T. laris, about three tiiiK's 
longer than broad, fasifonny the con- 
striction a very shallow groove ; e. f. 
without jmneta. L. 1-41"'; R. 1-118"'. G. 

T. gramdatus (Rails). — Froiul some- 
what longer tlian 2\ Brvhissoniiy Jiboiit 
five or six times longer than broad ; in 
both f. i\ and s. v. fasiformy the constric- 
tion a very shallow groove, ends with a 
hyaline Updike projection extending be- 
yond the notch ; endochrome witli a 
longitudinal series of largo granules; 
e. f. punctate, tlie puncta scattvredy ex- 
cept near the consirietiou, wdiero they 
are disposed in two transverse rows. 
Sporangium orbicular, smooth, margin 
finely striated, placinl between the de- 
ciduous empty fronds. Ij. 1-130"; R. 
1-649".= Pc// mn* (71) (/ranulatus (Kg.). 
G.R.,l.,F.,G.,Italy,tj;S.A. 


Genus CLOSTEIllUM (Nitzsch). — ^Frond elongate, attenuate, more or less 
Innately emwed or arcuate, entire, not constricted at the middle, the junction 
of the segments marked by a pale transveu’se band. Endochrome often 
arranged in longitudinal fillets, and at each extremity having a terminal ch'ar 
space, in which arc active granules ; e. f. smooth, or Avith longitudinal stria), 
never granulate. 

The subdivisions of this genus cannot always bo rigidly adhered to, as 
certain species might sometimes seem to agree almost as well with another 
division as with that in which they arc placed. 


* Frond scarcely tapering, the curvature 
very slight, gradual and equal; lower 
margin nearly straiyht or sliyhtly con- 
cave ; ends trunmle or broadly rounded; 
e.f, with or without lonyiUulinal sir ice. 

Closteuium didymotocum (Corda). — 
Frond stout, six to ten times longer than 
broad, nearly straiyht, very sliyhtly taper- 
ing to the extremities, upper 'margin 
sliglitly convex, lower nearly straiyht or 
very slightly concave, sometimes slightly 


inclined upwards at the end; ends trun- 
cate, reddish ; largo gi’aniiles in a single 
series ; e. f. reddish, cMpecially near the 
ends, strice faint-, central suture evident, 
sometimes accompanied by two others 
dividing the frond into four portions. 
L. 1-05"; R. 1-813". (in. 3t).) G.R., I., 
F., G. a, three transverse sutures; 
one. = C. subrectum ( ICg.), C. Bailvimmim 
(Rit5b.). 

G. obtusum (Rr^b.). — Frond minute, 
four to ton times as long as brood, 
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nearly straight, cylindncal, not tapering, 
npper'and loiver margin equally and hut 
very slightly curved, ends obtusely rounded ; 
large granules, in a single series; e. f. 
smooth. F. 

C. Amhlyonema (Ehr.). — Frond stout, 
very long, twenty to twenty-tivo times 
as long as broad, slightly curved, scarcely 
tapering, upper and lower margins equally 
and but gently curved ; ends broadly 
rounded ; o. f. smootli. U.S.A. 

2 * Frond tapenng, having the curvature 
slight : lower margin straight or very 
slightly concave, and slightly inclined 
upwards towards the rounded or sub- 
acute ends: e.f. with or without lon- 
gitudinal strue, 

C. Lunula (Elir.). — Frond large, stout, 
live or six times as long as broad, semi- 
lunate, upper margin vert/ conrcj', lower 
nearly straight somewhat inclined upwards 
towards the obtuse broadly rounded ends; 
endochrome with the large granules 
numerous, scattennl, fillets several, di- 
stinct ; o. f. colourless, without mark- 
ings, central .suture not evidiuit. L. 
l-()2" ; 31. = Vibrio Lunula 

(Miiller), liacillaria Lunula (Sclirank), 
Lunulina vulgaris (I lory). G.B., F., 1., 
Cl., Italy, U.SA., jMexieo. 

C. acerosum (Ehr.). — Frond slender, 
six to lifteeii times as long as broad, 
linear-lanceolate, gradually tapering, 
upper margin slightly (junvex, the lower 
nearly straight, slightly inclined upwards 
at the conical ends ; larg^^ granule.s in a 
single central longitudinal series ; lillets 
several, distinct ; o. f. colourle.ss, very 
faintly striated, central suture evident. 
L. 1-70" to 1-58" ; B. 1-1108" to 1-510". 
Sporangium orbicular, smooth, placed 
between the dehiscing deedduous empty 
fronds. = Vibrio acerosus (Schrainc). 
G.B., 1., F., Cl., U.S.A., Mexico. 

C. lanecolalum (Kg.). — Frond stouter 
than C, acerosum, six to ten times longer 
tlian broad, semUanccolatc, gradually ta- 
pering ; upper margin convex, lower 
nearly straiglit, inclined upwards to- 
wards the tapering subacute ends; largo 
granules in a single central series ; fillets 
several, distinct ; e. f. colourless, irsually 
without markings, sometimes faintly 
striated, central suture evident. E. 
1-04" ; B. 1-458". = Cymbella llopkirkii 
(Moore). G.B., L, F., U., U.S.A. 

C. tiiryiduni (Ehr.). — Frond stout, 
eight to twelve times as long as broad, 
semilnnceolate, slightly tapering, more 
cuiwed than cither of tho preceding, 


upper margin convex, with a depression 
near each extremitg, lower margin con- 
cave, inclined upwards towards the 
rounded ends ; large gi-aiiules, in a single 
longitudinal series ; lillets several ; e. f. 
reddish, longitudinal strice close, distinct, 
central suture evident. Ij. 1-80"; B. 
1-870". (in. 40.) = C, decusstUum (Kg.) ? 
G.B., I., F., G., U.S.A. 

tu. preelongmn (Brdb.). — Frond very 
slender, extremely long, thirty-five to 
forty times as long as broad, slightly 
curved, very yrtuhudly tapering; upper 
margin slightly convex, with a deprtis- 
sion near each extremity ; lower concave, 
inclined upwards towards the rounded 
ends ; large granules in a single series ; 
e. f. colourless, without markings. F. 

C. quadrangulare (Corila). — Frond 
very slender, twenty-five to thirty times 
as long as broad, .slightly curved, gra- 
dually tapering, quadrangidar, except at 
the extremities, one of the angles forming 
a prominent longitudinal median line ; 
iippiu* margin equally convex, lower con- 
cave, very .sliglitly inclined upwards at the 
blunt ends ; e. f. colourless, smooth. O. 

3 * Frond taperimj, the lower margin 
concave, often with a central inflation, 
and inelined downwards towards the 
rounded or subacute ends; e.f. without 
markings, 

t Frond slender, curvature very slight, 

C. sirigosmn (Bri5b.). — Frond slendiT, 
twelve or fifteen times as long as broad, 
nearly straight, but somewhat curved down- 
wards towards the attenuated extremities ; 
upper margin slightly convex, lower 
concave with a gentle central injlaiion ; 
ends acute; large granuhis in a single 
aeries ; e. f. colourltiss, without strun. 
Sporangiiun orbicular, smooth, placed 
between the shortly deciduous empty 
fronds, which conjugate soon after divi- 
sion, so that two of the empty .segments 
arc considerably shorter than tho other 
two. F. 

C. macilcntum (Brt^b.). — Frond very 
slender, stddmear, twenty-five or thirty 
times as long as broatl, slightly aiul 
very gradually curved, somewhat taper- 
ing ; upper margin slightly convex, lower 
sUghthj concave ; ends someichat blunt ; 
l.n’ge gi’anules, in a single series; e. f, 
colourless, without strite. Sporangium 
orbicular, placed between tlie for sonic 
time pcrsi.stent empty fronds, whicdi 
conjugate, as in last, soon after divi- 
sion. F. 
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C. yracHs (BriSb.). — Frond very 
slender, about twenty-five to thirty 
times as lonj^ as broad, linear ^ nearly 
straight, except at the extremities, which 
are curretl dotvnwards •, sides partillel, 
ends tibtiise; endochrome arramjed in n 
ziijzay or snhspirnl ninnncr ; e. f. without 
stria;. T., F. TJiis species riiseinbles C. 
Jmtcidtwif a, in form, but dillers in the 
arrangement of thc5 endochrome and in 
tlie absence of stiioc. 

2 1 Frond crosccnt-shnpcd, curvaturo 
considerable. 

C. JEhrenhet'gii (Meiiegh.^. — Fi'ond 
Inrge^ stoutf about five or six times as long 
as broad, lunatcly curved, extremities 
tapering; upper margin very convex, 
lower concave with a conspicuous central 
inflation'^ ends broadly rounded; large 
gi'annles, numerou^y scattered *^ lilhjts se- 
vtiral ; e. f. colourless, without stnie, 
central suture not evident. Sporangia 
orbicular, smooth, placed biitween tlit5 
but slightly coiinect(?d empty conjug.ated 
fronds, the endochrome during tne pro- 
cess of conjugation emerging from tluj 
opened apiix of a short conhral extension 
from each under aide of tiach younger | 
H(^gment (or shorter com;) of each pair of 
recently divided fronds, tlie conjugating 
fronds being produci;d immediately pre- 
viously by tlie self-division of a jWr of 
old fronds — two sporangia being thus the 
ultimate produ(;i; of the two original i 
fronds. L. 1-08” ; B. 1-400”. (xvi. 10, ] 
11, 12, 13, 14.) = Luuulina monilifera 
(llory), C. Lunula (Fhr., Hass.). (jr.B., 
I., F., G., B.S.A. 

C. monilifcrum (Ehr.). — Frond smalUT 
than the lastj stout, five or six times 
as long as broad, lunately curved, extre- 
mities tapering, upper margin convex, 
lower concave with a central injlalion, 
ends rounded; large granules, 
in a single longitudiiuil series ; e. f. colour- 
less, without strito, suture not evident, 
Ti. 1-75" to 1-GO"; B. 1-510" to 1-4GG". 
G.B., I., F., G., Italy, U.S.A. 

C. ohtusangiihmi (Corda). — Frond 
stout, crescent-shaped, four or five times 
< 18 ‘long ns broad, rapidly attenuated, 

quadrangular ” (six angles?); upper 
margin very convex, lower concave with- 
out a central injiation ; ends nan'owlg 
rounded ; e. f. colourless, without mark- 
iiigs. 

C. Jenmri (Balfs). — Frond small, di- 
stance betweim the extremities six or 
Ncven tinuNS thcbr(;adth. crescent-shaped, 
much curved, gradually tapering (some- 


times with an obscure control constric- 
tion) ; upper margin very convex, lower 
very concave without a centml inflation ; 
ends obtuse, roumled ; largo granules, in 
a single series ; e. f. colourless, without 
strim. L. 1-281"; B. 1-1730". G.B., I., 
F., U.S.A. 

C. Leihleinii fKg.). — Frond somewhat 
stout, distance between the extremities 
six or eight times the breadth, crescent- 
shaped, much curved, rapidly attenimted 
upper margin very convt;x, lower very- 
concave, often with a slight central infla- 
tion; ends subacute \ large granules. In a 
single series; fillets few or indistinct; 
e. f. somewluit straw-coloured, without 
strim ; suture evident. Sporangium orbi- 
cular. Ij. 1-201” to 1-1G5"; B. 1-1032" 
to 1-582". (ii. 1 & 5.) G.B., I., F., G., 
Italy, U.S.A. /3 more shaider, sctircely 
inflated on the lower margin. 

C. Dianm (Ehr.). — Frond slender, 
crescent-shapod,six or eight times as long 
as broad, much curved, rapidly attenu- 
ated ; upper margin vt;ry convex, lower 
very concave tcithout a central inflation \ 
ends subacute with a very slight eninryi- 
nation at the upper outer extremity ; hirge 
granules, in a single series ; e. f. some- 
what straw-coloured or faintly reddish, 
without strim, sutun; evident. 1 j. 1-1 4:3” ; 
B. 1-1275”. = 6: rufietps (l^hr.), C. area- 
alum (Brifi).) ?, C. Venus (Kg.) ?, C. acu- 
minatum (Kg.) ?. G.B., I., F., G., Italy, 
U.S.A. 

C. inemTum (Breb.). — Frond minute, 
somewhat stout, crcscent-slniped, very 
much curved, rapidly attenuated, ends 
very acute ; e. f. without strife. F. 

4* Fronds gradually ta 2 yn'ing^ curraturc 
often gradual, lower margin concave, 
inclined downwards at the rotundalo- 
truncate or sonietinics subacute ends; 
e.f. striated. 

C. incequale (Fhr.). — Frond minute, 
semilunate, attenuaUid; upper margin 
very convex, lower concave ; extremities 
unequal, conic, very acute ; largo gi*anules, 
scattered; o. f. prominently striated. G. 

C. costatnm (Corda). — Frond stout, 
about live or six times as long as broad, 
lunately curved, attenuaUid ; upper mar- 
gin convex, equally arched, lower con- 
I cave; ends obtuse, rotmded; largo granules, 
in a single series ; e. f. reddish, strife few 
(about six), cons^ncuous ; suture evident. 
Sporangium orbicular, smooth, placed 
betwt;jm the deciduous empty fronds. 
1^. 1-75"; 11. 1-384". = C. turgiduluni 
(Kg.). G.B., 1., F., G. 
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0. striolatiim (Elir.). — Frond from six 
to ten times ns lon}^ jis l>ro.‘id, Innately 
curved, attenuated; upper marj^in coii- 
vt'X, sliffhtly (Imrcssvd at the centre^ lower 
concave; ends \'ery obtasOf rounded; 
large gi’anules, in a single scries ; e. f. 
re<i(Ushj especially near the ends, strioi 
very numerous, crowded, transverse su- 
tures usually three, Sporangium orbi- 
cular, smoo'tli, placed between the de- 
hiscing deciduous emptv fronds. L. 1-80" 
to 1 -68" ; r». i-(i2r)" to i-rwirv'. ( n. 2 & c.) 
= C. reyulare ( Jlreb.) ?. G.B., I., h\, G., 

Italy, IJ.S.A. 

C. intermedium tRalts). — Frond slen- 
der, twelve? to lifteen times as long ?us 
broad, slightly curvc'd, very yently taper- 
iny ; upper margin eouvt‘X, gradually 
arched, lower slightly concave ; ends ob- 
tuse, rounded ; larg(' granuh's, in a single 
series; e. f. pah' straw- col ourt'd, strhe 
distinct, numerous, hut not crowded', trans- 
verse sutures usuallv more Ilian three. 
li.l-77"-l-r>4"; ]}.lll07:l". G.15., 1., F. 

C. anyustalum (Kg.). — hVond blender, 
ten to twenty times as long as broad, 
sublinear, slightly curvi?d, scarcely atte- 
nuated', upper margin convex, gradually 
arclied, lower (joncave; ends truncate, 
sliglitly rounded; largo granules, in a 
single series ; e. f. pale reddish, espt'cially 
iii'ar the ends, stricefew (about four), very 
distinct, traitsrersc sutures usually three, 
L, 1-60" ; II. 1-11^2 ". G.lh, r., F., G. 

(llalfs). — Frond very slen- 
der, from about fifteen to ('\'en tliirty- 
Kao limes as long as broad, linear, 
straiyht except towards the extremities, 
which are somewhat curved dowmeards, 
ends obtuse ; e. f. nearly colourh'ss, strife 
not )iumerous, faint, transverse sutures 
usually three. Sporangium orbicular, 
smoolh, placed betAA^oen the dehiscing 
deciduous empty fronds. G.B., I., F. 

frond stouter, less elongated. 

C. uncinatum (Kg.)* — Frond slender, 
tapcriny to a subacute jwint, suddmiy 
curved doumwards] o. f., the body with 
strife fine and close, ahsmt at the extre- 
mities. 

C. lineatum (Ehr.). — Frond .slender, 
clongtfte, from about eighteen or twenty 
to tAventy-five times as long as broad, 
;jently curved, very graduallA- attenuated; 
upper mfirgiii unequally convex, being 
most curved near the ends, lower concave 
or somewhat protube?rant at the centre ; 
sides somewhat parallel for a portion of 
their hmyth : the extremitws gradually ta- 
pering, slemler, curved downwards, eiuls 
obtuse ; lai;go granules, in a single series ; 
c. f. reddish, stnee numerous, distinct, one 


or more transverse lines at the central su- 
ture, yporaiigia double, rounded, .smooth, 
in close approximation, their opposed sur- 
faces flattened, placed bc'tAveen Ihe dt?- 
hiscing, shortly-deciduous empty fronds, 
and each tbrnicd by the mutual conjuga- 
tion of the contents of the adjacent op- 
posite segments. L. 1-48"; 11. 1-909". 
(m. 41, 42.) G.B., I., F., G., Mexico, 
ft stria) spiral ; y, stri.c very faint, except 
at the centre of the frond (Breb.). 

0. decorum (BrtU).). — Frond about 
tAvelve to tAvonty times as long as broad, 
tapering from the centre, gradually curved', 
upp(;r Tuargiii equally convex, Ioavcu* 
margin conca ve ; extremities altenuated, 
.slender, obtuse; large gr;iiiules,in a single 
.serit?s ; e. f. colourless, strioo numerous. F. 

5* Frond fp'adually curved, tapering, sud- 

deidy contracted at the end into a coni- 
cal jmint. 

C. aUenuatum (Ehr.). — Frond eight to 
tweh'o tinu's as long as broad, gently 
curved, gradually attenuated; upper mar- 
gin .sliglitly conv(‘X, lower concave ; ex- 
tremities suddenly contracted into an obtuse 
conical point ; large granules, in a singh? 
series; e. f. reddi.sh, Avith numerous close 
.strim, central suture evidrait. Jj. 1-57"; 
B. 1-661)". ( III. 4:1.) G.ll., 1., F., G. 

6 * Frond vcidricttse or narrow-lanceolate, 

rapidly tapering into a distinct beak, 

(^Sporangia cruciform. ) 

C. Jtalfsii (Breb.). — Frond stout, six 
to nine times as long as broad ; tin* upper 
margin slightly convex, tin? lower concave, 
but renfricosc at themiddlc', each extremity 
tapering into a iiarroAv, slender, reddish 
beak, shorter Hutn the body, slightly chit ed 
doAA'iiAvards, ends obtusi? ; large granules, 
conspicuous, in a single series ; 0. f. red- 
di.sh, especially ni;ar the ends, striie nu- 
merous, close, and distinct, central suture 
accompanied by several transverse tines. 
L. 1-79"; B. i-526". G.B., F. 

C. rostratum (h]hr.). — FVoiid from 
about ten to fifteen thiies ius long as 
broad, lanceolate', upper and lower margins 
nearly equally convex', each extremity 
tapering into a narrow, si'taiieous, nearly 
colourh'ss bi'ak, nearly equal in length to 
the body, curviid doAviiAvards, ends obtuse ; 
large granides, in a single .series; e. f. 
colourle.ss or somcAAdiat straAv-coloured, 
strim numerous, close; suture solitary. 
Sporangium soniCAvhat crucifonn, its 
sides concave, its extensions truncate, 
attached to the empty conjugated fronds, 
(ill, 44. ) li, 1-69 B. 1-689 G. cau- 
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datum (Corda), Stauroceras Acm (Kg.). 
a.B., L,F., G., Italy. 

C. elegam (Hr6b.J. — ^Fi*ond very slen- 
der (twenty-five to thirty times as long 
as brood), natTow-lanceolat^f, upper and 
lower margins nearly equallv convex, 
eodli extremity tapering into a long, slen- 
der, setaceous, colourless beak, abmit m 
long as the body, ultimately cui-vcd down- 
wards, ends acute ; large granules, in a 
single series ; e. f. without strUe, F. 

C. setaceum (Ehr.). — Frond very slen- 
der, from about twenty to twtiiity-five 
times as long as broaa, narrow-lanceo- 
late; upper and lower margins nearly 
equally and hut slightly convex ; each ex- 
tremity tapering into a very long, slen- 
der, setaceous, colourless bonk, longer 
than the hody^ ultimately curved down- 
wards, ends obtuse ; e. f. colourless, strice 
closej faintj central suture solitary. Spo- 
rangium cruciform, similar to the last. L. 
1-116"; B. Stauroceras sidm- 

latum (Kg.), S. intermedium (Kg.), C. 
Kiitzingii (Br6b.). G.B., I., F., G., Italy, 
U.S.A. 

C. pronum (Breb.). — Frond very slen- 
der (thirty to thirty-five times as long 
as broad), lujarly straight ; upper ami 
lower margin scarcely hiflaiedy nearly 
equally though very slightly convex ; very 
jp’adually attenuated at each extremity 
into a long, slender, setaceous, colourless 
beak, ultimately somewhat curved down- 
wards, ends slightly enlarged and rounded] 
e. f. colourless, without strice, F. 

7 * Frond minute, tapering, curvature 
very slight, neither' injiated nor rostrate, 
{^Sporangia ct'uciform.') 

C. Cornu (Ehr.). — ^Frond minute, from 


five to oipht times os long as broad, 
slender, slightly cuiwed, attenuated, ends 
blunt] endochrome not reaching to the 
extremities ; large granules, indistinct, in 
a single series ; e. f. colourless, without 
striie.^ Sporangium in f. v. somewhat 
cruciform or quadrate, with the angles 
produced and rounded, in s, v. elliptic, 
attached to the coniugjiting fronds. Jj, 
1-140" ; B. 1-3700". = C. tenue (Kg.). 
G.B., F., I , G., Italy. frond more tur- 
gid. L. 1-226" ; B. 1-2142". G.B., I., F. 

C. acutum (Breb.), — Frond somewhat 
larger tlum the last, about from six to 
twenty times as long as broad, slendtsr, 
narrow-lanctiolate, slightly curved, gi’a- 
dually attenuati^d, ejids acute ; o. f. co- 
lourless, without striae. Sporangium 
similar to last. L. 1-177"; B. 1-2550". 
G.B., I., F., G. a six to twelve times 
as long ns brood, ends subacute. /3 ten 
to twenty times as long as broad, ends 
very acute. = Stauroceras subulatum 
(Kg.)?, C. subulatum (Brt5b.) ?, C. tcim'- 
rimum, (Kg.) ? 

C. GrijDiihii (Berk.). — Frond minute, 
scarcely curved, acicular, very acute, 
smooth. = C. suUih (Breb.) ? G.B., 1., F. 

8* Frond cresemt-shaped, stout, extre- 
mities furnished with a single acute 

spine, 

C. cuspidatum (Bailey). — Frond stout, 
crescent-shaped, scarcely tapering, much 
curved, ends rounded, furnished with a 
single subulate acute spine ; e. f. without 
stnm. U.S.A. We are disposed to think 
this plant may not bo a true Desmidiean, 
but belong to the genius Opliiocytiiim 
(Nag.), though placed in Closterium by 
Bailey. 


Genus PENIUM (Breb.). — Frond elongate, straight, cylindrical, cllijitic, 
or lanceolate, either imt at all constricted or hut very slightly narrowed at the 
middle, entire, Endochrome with or without a terminal clear space, con- 
taining active granules. 

♦ Empty frond granulate, generally granules distinct. L. 1-166"; B. 1-961". 

reddish, ' (ti« 14.) fi, frond linear, scarcely con- 

tracted at the middle, granules distinct. 

Penium fnargaritaceum (Br^b.). — y, frond linear, not contracted at the 
Frohd six to ten times as long as broad, middle, granules appearing like puncta. 
fusiform or cylindrical, with rotundato- L. 1-1()9" ; B. 1-1516". (ii. 15.) 
tnmeate ends, rough with pearly granules P. Cylindrus (Brdb.).— Frond minute, 
arranged in longitudinal lines. Eiido- red, three or four times os long as 
chrome at each end, sometimes with a broad, cylindrical, not contracted at the 
more or less distinct terminal cavity with ^Jiiddle, ends rotundato-truncate, rough 
active granules. Sporangium orbicular, with minute, closely scattered, pearly 
smooth. = Closterium margaritaceum granules ; o. f. red. L. 1-492" ; B. 1760 . 
(Ehr.). G.B., 1., F.,G. a, frond fusiform, = Closterium Cylindrus (FAir.), Dysphinc- 
graaually constricted at the middle, tium Cylindrus G. B., I., F., G. 
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P. anmtlatum (Niig. sp.). — Frond mi- times divided, and somewhat dilated 
nute, scarcely tunce as long as broad, thereat, in transverse view radiate. = 
cylindrical or snbellijdic, sides and ends Closterium (^Netrium) Digitns (Niig.). 
broadly rounded, rough with minute gra- I., 

nulos arranged in transverse lines, which P. intermpttim (Bi*6b.). — Frond large, 
give a minutely denticulate appearance stout, smooth, three or four times as long 
to the margin, except at a very narrow as broad, cylindrical, sides parallel, car- 
central annular space, where they are treinitiesco7iical, and rounded tit vines', 
absent, thus imparting a somewhiit con- cndochrome disposed in straight, strongly 
stricted appearance ; e.v. circular, margin marked fillets, intei^rupted by three tram- 
minutely granulate. = Dysphinctium an- verse pale bands, having a rounded, well- 
nulatinn (Niig.). I., G. dcHned clear apace near the ends, in 

^ , , , which are active gi-anules. L. 

2 * limply frond smooth, eolmirless. 1-571". (iii. 45.) G.B., I., F., G., 

P. Digitus ( I h'l^b.). — Frond large, stout, U.S. A. 
smooth, three or four times as long as P. closterioides (Ralfa). — Frond rather 
broad, elliptic - oblong, aides and ends large, about six times as long as broad, 
brojidly rounded ; endochronie in obscure smooth, fusiform or lanceolate, ends 
and undulated fillets, interrupted only by broadly rounded ; endochronie in distinct 
the piale eentral transverse band, fmdhfiY- longitudinal fillets, intemiptcd only by 
ing no cli‘ar apace at the extremities, the central transverse pale band, mith a 
L. l-8l"j Jl. 1-21H)". = Closterium Digitus single longitudinal series of large granules, 
(Fhr.), Penium ohlongum (De Bary)? and a roundt'd clear space close to the 
G.B., I., F., G., II.S.A. <mds, in whicJi are active granules. L. 

V. lamellosum (Breb.). — Frond large, 1-92"; B. 1-51)0". G.B., I., K., U.S.A. 
stout, smooth, about four times as long P. Nax'ietda (Brdb.). — Frond minute, 
as broad, gradually contracted at the about three or four times as long as 
middle, and tapering to the extnymities, broad, smooth, fusiform, ends bluntly 
ends somewhat truncate ; endochronie in pointed endochronie soiiK'times in fil- 
obscure and undulated fillets, in transverse lets, sometimes scjittered, interrupted 
view radiate, its rays divided, tand hav- only by the tninsverse central pale band, 
ing no clear space at the extremitios. with one or two large granules in each 
F., Cl. half, and a rounded clear space at the 

Neegelii (Brt^b. in litt.). — Frond in wliich are atdive granules. L, 

large, stout, smooth, about four times 1-420"; B. 1-750". =P.iyc/’yt««( Archer), 
longer than broad, oblong, not contracted 1., F. 

at the middle, gradually tapering to each P. truncatum (Brt>b.). — Frond minute, 

(^xtremity, sides nearly straight, ends two to four times as long as broad, 
broadly truncate; cndochrome arranged cylmdrical, smooth, ends truncate. Spo- 
in interrupted divided radiating rangium orbicular, smooth, placed be- 

from the central axis, in f. v. being m- tween the dehiscing, deaduous empUj 
dented somewhat in a pinnatifid manner, fronds. L. l-9()9" to 1-555" ; B. 1-2212" 
the rays touching the cell wtdl, some- to 1-2100". G.B.,I., F. 

Genus SPIBOTiENIA (Breb.). — Frond elongate, straight, cylindrical, or 
fusiform, entire, not constricted at the middle, ends rounded or acute ; endo- 
chrome spiral, (Gelatinous investment very apparent ; cell-division oblique ; 
fructification unknown, therefore the position of this genus uncertain.) 

single, broad, smoothly-defined, widely- 
wound spiral band, its revolutiom very 
few (one or two). Ij. 1-142"' to 1-71'" ; 
B. \-*2S7”\=Palmogl(ra endospira (Kg.), 
Cylindroci/slis endospira et Endospira 
truncorum (Br6b., KgJ. F., G. 

S. erythrocephalu (Itzigsohn, Braun). 
Frond fusiform, five or six times as long 
as broad, emds acute; cndochrome a 
single, rather narrow spiral band, its 
revolutions fi;w. = S. minuta (Thuret, 
Br^b.). F., G. 


* Epdochronic a single spiral band. 

SrmoT^ENiA condensata (Bri^b.). — 
Frond cylindrical, five to ten times 
aS long as broad, ends rounded ; en- 
dochrome a single, broad, closely-wound 
spiral band, its revolutiofis numerous, L. 
1-208" ; B. 1-1048". (ii. 4.) G.B., I., 

F., G., U.S.A. 

S. muscicola (Be Bary). — Frond cylin- 
drical, two to four times as long as 
broad, ends rounded ; endochronie a 
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2 * JBndoch'omo m several spiral hamh. 

S. obscura (Ralfs).— Frond cylindrical 
or fusifonn, five to eight times longer 
than broad, extremities attenuated, ends 
blunt ; endochrome in several slender 


ral bands, their revolutions two or three, 
sometimes scattered, leaving a clear space 
at each extremity, in which there is 
sometimes a free granule. L. 1-247" to 
1-226"; B. 1-1020" to 1-907". G.B., 

I., F. 


C. Cells stipitate. 

Genus COSMOCLADITJM (Breb.). — Cells rounded, compressed, deeply 
constricted at the middle, stipitate. 

CosMOCLADiuM pulchellum ^Br^b.). — markable plant, discovered by M. de 
Stipes dendroid, dichotomously branched, Brebisson, not knowing as yet anything 
hytuine, with a slight intermediate thick- as to its mode of growtli or development, 
ening between the cells ; cells terminal The colls, if detached from the stipes, 
and axillary, green, segments elliptico- would scarcedy be distinguishable from 
renifonn, smooth (ui. Oil). F. those of Cosmanum biocukiiunu 

We hero provisionally place this re- 


D. Cdls aggregated into families, forming fascimdi or faggot-lilce bundles. 

Genus ANKISTllOBESMUS (Corda). — Cells minute, smooth, elongated, 
attenuated, aggregated into families forming fasciculi or faggot -like bundles, 
each family resulting from the self-division of a single cell, wliich commences 
by the formation of a somewhat oblique septum at the middle, eventually 
rendered more and more oblique from the young cells growing alongside one 
another longitudinally until they each attain the length of the original parent- 
cell, the process being again and again repeated by each till the aggregated 
family consists of at most thirty-two cells, the family finally again breaking 
up into single colls. No other propagation known ; the iJosition of the genus 
is therefore doubtful. 

Ankisthodesmus falcatus (Balfs). — plant are not quite so much cuiwed ns in 
Cells very slender, arenato (rarely straight Niigeli’s drawing of this speciivs, and are 
or sigmend), gradually attenuated, ends rather more acute at the extremities : 
acute. L. 1-550"; B. 1-7353". (i. .35,.30.) we have not noticed the hiscicuH to bo 
= JUiaphidiuni fasemdatum (Kg-, Nag.), composed of more than 8 cells, frequently 
G .B., I., F., G Italy. of 2 or 4 ; and while so combined the cells 

A. convolutus (Corda), — Cells much all look in the same direction, the coii- 
curved, crescent-shaped, somewhat ra- cave surface of the one bidng applied to 
pidly attenuated, ends subacutcj. = Rha- the convex surface of its neighbour. 
phidium minutum (Nag.). I., F., G. A. contm'tiis (Thuret). — Cells slender. 

Wo have met with a plant (gatliered arcuate or sigmoid, somewhat gently in- 
near Dublin) which we now (though Hated at the centre, ends drawn out long 
doubtfully) refer to tliis species, in which and very fine. F. 
we noticed self-division of the cells, in 

an at first oblique, finally longitudinal [^Scenodesiuus duplex (Ualfs) is placed 
manner, very much the same as that in this genus by Kiitzing and Niigeli 
described by Ni^eli {Einzell. Alt/,) for the under tlie name of Rhaphidium ; that 
preceding species, and introduced into plant may, however, bo the ce^ of an 
tho generic character. The cells in our Ankistrodesmus undergoing division.] 


Subfamily PEDIASTRE.^ (page 24). 

Wo shall not attempt to give anything but a very provisional diagnosis of 
the genera here included under the above title (which have long been asso- 
ciated with the Desmidiacem, and chiefly for that reason finding a place in 
the present work), as, so far as we can judge, it is not yet dotonnined whether 
they shouhl remain united with tho Palmellacoie, to wliich they have been 
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referred by Niigcli, or, with sonic few oilun* AJga>, form a distinct group near 
ralmellacem, and perhaps Volvocineao. They cannot, we think, continue 
to be considered as belonging to the IJesiukliacea). -b'or the piirjioscs of the 
present work, however, as they are introduced, we shall just indicate that 
the genera here described under the above head agree in the following 
characters : — 

Cells combined into a definitely formed frond or family, often either ex- 
ternally notched or attenuated, sometimes spinous, not undergoing complete 
self-fission in the same direction into two perfect cells, but propagsiting by 
the repeated segmentation of the contents of the old cells into a definite 
numb(!r of portions or “ gonidia,” which are either still or for a time motile, 
and which are either arranged according to the typical plan within the i)areiit- 
cell, and by its bursting set free as a new frond or family, or become so 
arranged without the parent-cell, but still involved in its inner membrane, 
the whole ha\ing emerged by a transverse fissure. 

W(j are disposed to think that here lIydrodict 5 ’on should come ; for though 
in this plant the dcvelo])ment of the active gonidia is simultaneous, not 
succcssional, ns in Pedifistrium, Pniigshcim aUiides to Die gonidia in Cu'las- 
triim sphivricuni (which indtH?d arc still) as either tlu^ one or the other. 
Criicifujenla t/nittfrata ('S\orrcn)=Stauroffenin qmuJrnht (Kg.), siamis to pro- 
])agate by comjjletc self-fission, and, gonidia not being described, we believe 
cannot belong lierc. As to 8plucrodesmus (Niig.) information is wanting. 

Genus 8CKNOT)ESMUS (Meyen). — Frond or family comjmscd of from two 
to eight oblong fusiform or elliptic cells, connected Into a alnyte or double 
continuoufi row ; propagating by means of the repeat(jd segmentation, in 
parallel ])lanes in one or two directions, of each of the cell-contents into one 
or more brood families (not motile), set free by the bursting of the parent- 
cell wall. (Niig.) 

8ornot)Esmtts quadricauda (Ralfs). — that .spine at the some side of the frond 
Cells in a single low ; oblong, rounded at witli that belonging to the central cells 
tlieir ends ; external cells (sometimes jdso directed inwards, Ihv other directed 
more turgid than the others) fiinmlwd outwards, F. 

at each extremity with an etonyatCy oj^ten S. aMennatm (Brdb.). — Cells in a 
cur red j acute spine or bristle, sometimes single or double row ; fusiform, or semi- 
witli another from llui centre of the huiB,ti^,^,TidA cuspidate, and each terminated 
outer margin. L. 1-1121"; B. 1-2().‘U". by a minute orbietdar yhhule. F. 

(i. 40, 4i| 4^.) = Achnanthes quadricauda S. dimotphus (Kg.). — Cells in a single 

('riirp.), Arihrodesmus quadricaudatus row ; narrow, attenuated, and pointed at 
(Kill’.), Scenedesmus caudatus (Corda, the ends; the central in apposition the 
Kg.), S. quadricaudatus (ITass.). G.B., most of their lenytli,, the outer extenially 

F., G., U.S.A. &, central cells fur- lunate. L. 1-1020" to 1-900"; B. 1-8100". 
iiished at one of their ends with an =Achnanlhcs dimorpha (Turp.), S. pec- 
eloiigjite, acute, curved spine or bristle, iinattes (MGycn), Arthrodesmus pectimUits 
each half of the frond being so funiished (Elir.). G.B., I., F., G. 
at opposite aides, sometimes the centrjd S. acutus (Meyen). — Cells in alter- 
cells beftig also furnished at their other noting rows ; the central fusiform, ^ in 
ends with a very short, minute spine, apposition mdy at their middle, the outer 
= S. Nayelii (i. 42.) sometimes oxteruallv lunate. L. l-l(i0.T' 

*8. f/wpar (Breb.).- -Colls two or four, to I-IOOO"; B. 1-0250" to 1-0181". = 
alternatiny, oblong, blunt at the ends; Arthrodesnuis acutus S, acutus at 

when four the central cells at one end at ohliquijis (Ralfs). G.B., I., F., G., Italy. 
opposite sides of the frond furnished with 8. ohtusus (Meyen). — Cells in one or 
a short acute mucro-like dejected spine, two rows, all orate or oblong, ends 
each spine dh'ected inwards', when either rounded. L. 1-2301" to 1-1901"; B. 
two or four, the external cells with a 1-4090" to 1 -.302.3". (i. 37, 38, 39.) 

similar spine at both eiub; whem four, G.B., I., F., G., U.S.A. 


3 c 
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S. duplex (Ralfs). — Cells two, slender, 
tapering, sipmoidf acute, platx*d side hy 
side for about half their leiiffth. = llhaphi~ 
dium duplex (Kg.), noc S, momUformis 


(duplex) (Kg.). G.B., G. This plant 
possibly represents a cell of an Ankis- 
trodesnius auring division. 


Genus PEDIASTllUM (Mcycn). — Frond or family plane, circular, elliptic, 
or iri'ogular, comiKJsed of several cells (a multiple of four), forming by their 
union a Jlalteued star-like group, generally arranged in more or less con- 
centric cii’ciilar series, marginal cells extcnially bipartite or entire ; propa- 
gating by macrogonidia,” which are subglobose, formed by repeated binary 
division of the cndochromo of each of the parent-cells of the old frond, 2, 4, 
8, 16, 32, or 64 (even 128) in number, and making their exit by a transvei-se 
fissure from the parent-cell, involved in its inner membrane, within which 
for a time they actively move, presently settling down and arranging them- 
selves into a new frond ; microgonidia ’’ produced in the same manner, but 
shortly rupturing the confining membrane and swimming freely aAvay, their 
fate unknoA^^l (Jii'aun). 


* Lohes of the. outer eells two, deeply 
emaryumte or tmneate, 

Pediastiium Teiras (Ralfs). — P’rond 
very niinutc ; cells four, their interstices 
forming a cross, their outfsr margin bi- 
lobed, angles acute, L. 1-2041"; B. 
1-2272". (n. 27.) = Micrastcrias Tvtras 
(Ehr.), jP. hiradiatnm (Tetras) (Kg.). 
G.B., I., R, G., U.S.A. 

1*. heptaeUs (Monegh.). — P>ond minute; 
cells eight (seten di^osedin a single senes 
round a central one), bilobed, anp^ilar. 
L. 1-2000"; 13, 1-2600". = Mict'asterias 
heptactis (Ehr.^, Euastrum hexagomim 
(Corda), 7*. simplex (Ilass.), P. hira- 
diatum (hiptactis) (Kg.). G.B., I., F., 

G., U.S.A. 

P. hiradiatum (Mcnogh.), — Inner cells 
subquadrilateral, with a linear notcli, the 
outer quadrilateral or somewhat mneaU, 
approximate for their entire length, ex- 
ternally deeply bipartite, their incisions 
narrow, the subdivisions truncate or 
truncate - emarginate. L. 1-1200" to 
1-2560" ; B. 1-1754" to 1-2040;'. = Mi- 
crasterias Rotula (Ehr.), P. hiradiatum 
(RotuUt) (Kg.). This with the two pre- 
ceding may possibly make but one true 
species, P. Ehrenhn'qii (Braun.), (i. 62.) 
G.B., L, F., G., U.S'.A. 

P. Rotula (Ehr. emend. Braun). — 
Inner cells with a wide notch, and sepa- 
rated by wide lacunae, the outer subqua- 
drilatcral, approximate only at their bases, 
which are nearly square, externally deeply 
bipartite, their incisions broad, the sub- 
divisions narrow, inciso-dentate. F., G. 

P. caudatum (Braun). — Inner cells 

f |entagonnl or hexagonal, with a deep 
Inear notch, the outer quadmiigular, 
externally deeply bii)arlit(?, the? subdivi- 


sions tiiincate, very sliyhUy concave at 
the centre, and furnished at the angles with 
a very minute, short, bristle-like spine, 
= I\ 'Rotula (Niig.). G. 

2 * Lobes if the outer cells Itco, entire, 
attenuaM, 

P. Selencca (Kg.). — Oolla crescent- 
shaped, arranged in one or more circles 
round one or two ccntml ones, connecting 
medium cidoured-. =r R, elcgans (Ilass. ), 
P. lunare (Ilass.). G.J3., G. 

P. gracile (Braun). — Frond minute, 
of four or six colls (four (external, with 
or without two central ccdls) ; marginal 
colls deeply bipartite ; subdivisions ovate, 
tapering to a point. L. 1-1020" ; B. 
\-\G^2'\=Mun'astetias Coronula (Ehr.), 
P, Napoleonis (Ilass., Menegh., Kg., iiec 
llalfs), P, simplex (Ralfs). G.B., F., G. 

P. periusuni (Kg.). — Cells aminged 
in circles round one or two central ones ; 
inner cells quadrangular, sideAoncave 
and leaving angular vacant intervals ; the 
outer cells with square bases, externally 
triangularly notched, the subdivisions ta- 
pering to an acute point. L. 1-226G" ; 
13. 1-3268", = Micrasterias Rory ana 
(hlhr.), P. tricyclium (Ilas^, P, emargi- 
natum (peitusum) (Kg.). GLB., I., F., G. 

P. gramilaium (Kg.). — Cells eight, 
rough with minute granules, six cplls 
an’anged round two central, the inner 
subquadrato, the outer having two taper- 
ing lobes. L. i-2000" ; B. 1-1860". 
G.B.,L,F.,G. . 

P. (Menegh.). — Cells eight, 

six arranged round two central, the inner 
variable, the outer having two cuspidate 
lobes, the notch wide. (i. 62.) L. 1-1670" 
to 1-I4a3"; B. 1-1813" to 1-1088". =P. 
hexactis (ilass.). G.B., G. 
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P. Boryanmn (Menegh.). — Cells nr- (Coi*da), M. octonanus (Bail.)? F., G., 
ranged in one or mol’o circles round one U.S.A. There seems to us to bo some 
or two central ; the inner vaiiahle^ gene- doubt as to the absolute distinctness of 
rally concave at one side, the outer taper- this and P. gracile (Braun), ns it is pos- 
ing into two long subulate points, the notch sible the four deeply bipartite external 
narrow, L. 1-2083" to 1-1633" ; B. cells of the latter may have been mis- 
1-2733" to 1-2222". (r. 59, 60, 61, 68, taken for eight simply attenuated cells 
69, microgonidia.) = Micrastcrim liory- as described for P. simpU^x (jMeyen). 
ana (Fhr.j, P. suhtiliferum (Kg.)* P- (luodenarium (Bailey, sp.). — Inner 

datum (Kg.). G.B., I., F., G., U.S.A. cells/ow/*, somewhat triangular, enclosing 

P. eUipUcum (IJass.). — Ctdls varying a central, quadrate vacant inter^’al, and 
ill number and juTaiigement ; outer cells four broadly lanceolate vacant intervals 
suddenly contracted into two short, cylin- betwetm them and the outer senes, to 
dricnl, 'obtuse processes. L. 1-1754" to which they are united by their teiminal 
1-1X)6" ; B. 1-1515" to 1-1020". pro- angles; outer cells twelve, subovate, 
cesses of tlie lobes truncato-emargiiiate. truncate below, much attenuated, ncu- 
Micrasterias elliptica (Jihr.), P. vagum • niinate.=3/o/2ac^2V/;«5d(r<or/tV2/7;7*iAs(Bail.). 
(Kg.), P. oaa&'/m'Aa/n (llass.. Kg.), 1\ hi- \ U.S.A. 

(Braun). G.B., I., G., IJ.S.A. I V, ocatum (Braun). — Cells orate, ter- 
P. angulosum (Meiiegh.). — Cells ar- minating in a long, acute point, yramt- 
ranged in one or more ciredtjs round one late, arranged in two seiios, inner three, 
central, the inn(ir cells roundly angular, oiittjr ton. =Asterodictyon ovatnni (hilir. ), 
the outer obliquely truncate, emarginate, Monactinus oratas ( Kg.). G. 
the subdivisions not tapering into rays. P. Triangulum (llraun). — (kdls trian- 
L. 1-2732" ; B. 1-1912". = Mic raster ias * gular, smootli, arranged in thriMi series, 
angulosa (Ehr.). G.B., F., G. the centre vacant. Asterodictyon Trian- 

gulum (Elir.) = Monavtinm Triangulum 
3 * Outer celJs with only one attenuated (Kg.). G. 
hbe (Monactinus). 

r. mnplex (Moyou).-Colls eiyht, in a ** (Anomopedium). 

single series surrounding a centnd v.acant P. integrum (Niig.). — bVond irregular, 
interval, narrow-ovate or lanceolate, very cells rounded or bluntly angular ; outer 
gradually tapering, acuminate, approxi- | cells not emarginate, generally posstissing 
mate only at their bases. = j externally two short miicro-like spines 

simplex (l^g.), M, simplex et acutangulus , (r. 46, 47, 48). G. 

Genus CCELASTRUM (Niig.). — Frond or family hollow, globular or sub- 
cubical, composed of polygonal (or spherical) cells united in one layer into a 
hollow clathrate net-like family, the cells drawn out on the exterior into one 
or more lobes, or simply spheiical ; propagating by the segmentation of the 
cell-contents into a definite number of portions whi(;h become arranged into 
a hollow young frond resembling the parent, ultimately set free by the 
bursting of the parent-cell. 

CcELASTRUM sphccricum (Nag.). — cells hexagonal, drawn out externally 
Fronds spherical or oval ; cells hex- into two short truncate projections, in- 
agonal, drawn out externally into a terstices quadrangular, (i. 54, 55.) G. 
blunt cone, interstices 5-G-angular. (i. C. microporiis (Niig.). — Frond globu- 
49, 50, 61.) G. lar, cells exactly spherietd, interstices 

C.cM6^Mm(Nag.). — ^Frond subcubical, minute. G. 

. Genus SORASTRUM (Kg.). — ^Frond or family solid, globular, composed of 
cuneiform or cordate cells, somewhat compressed and united into globular 
families, their narrow ends meeting in the centre and outwardly emarginate 
or divided. Propagation unknown. 

SoBASTBUM spinulosum (Niig.).— Ex- subulate spines, (i. 66, 67, 58.) G. 
temal margins of the cells dilated, S. echinatum (Kg.). — External mnr- 
slightly emarmnate, the rounded angles ^ns of the cells de^ly bifid, the sub- 
furnished each with two minute, acute, divisions subulate. G. 

• 3c 2 
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Sub-group DTATOMEiE or DIATOMACE/E. 

(Page 31, Plates IV. to XVII. and part of II.) 

[For reference to the species iigiired in tliis work, see Index of Diatomneese 

illiistmted.] 

Frustules or cells, cither simple or pseudo -unicellular by complete separa- 
tion, or united in tablets or iilaments, furnished with a sculptured siliceous 
coat in three portions, a median one (connecting zone) and two lateral ones 
(valves) united by distinct sutures; internal substance yellowish-brown 
(rarely olive-brown) ; reproduction by conjugation and subsequent formation 
of sporangia. 

The general history of the Diatomacea) has been so fully treated of in the 
first part of this work (p. 31) that it is here only necessary to explain some 
terms used in the descriptions. 

The Diatomaceae differ, in several respects, so widely from acknowledged 
Algae, that in our opinion they maj^ bo regarded rather as an order related to 
the Algae than as a family belonging to them. 

The siliceous covering is composed of three portions. The central one is 
sometimes called ‘‘connecting membrane ’’and “cingulum;” we, however, 
prefer Professor Amott’s term, “ connecting zone,” as less likely to mislead. 
The lateral or junction siu*faces correspond to the septa of a Conferva, and are 
called valves. 

The late Professor Smith considered the central portion unessential and 
produced only preparatoiy to self-fission. We, on the contrary, regard it as 
of great importance, and quite unkno\\Ti in the true Algm. It is conspicuous 
in the conjugating and, consequently, mature frustules; and we think the con- 
clusion illogical that it has no systematic value because obscure in newly- 
formed linstules. It is evidently essential in Diatoms with Hat valves, since 
oth(?rwise th(‘rc could be no cavity to contain internal matter. 

We use tlie term “ front view ” to denote that position of the fnistulo 
when tlie connecting zone is fully presented to the eye, and “ side view ” 
w hen the centre of the valve is in a similar position. When wo speak of the 
“ valve,” unaccompanied by a qualifying epithet, it must be understood as 
identical w^ith “ side view.” 

“ Longitudinal ” means in the direction of the connecting zone, and 
“ trjinsvcrse ” in the ox)posite direction uniting the valves. When so applied 
to the frustulc of a Diatom, these terms acquire a meaning exactly the reverse 
of that in which they are used when applied to the joint of a Conferva and 
the frond in the Desmidicae. For example, the frustulc in some Diatoms and 
the frond in Clostcrium are both described as longitudinally lunate, whilst 
they are really extended in opposite directions : unless the change in the 
meaning of the terms be remembered, an idea of similarity will be conveyed 
which is altogether erroneous. 

The valves arc sculptured, cellulose, or stiiated ; the apparent absence of 
stria) in some instances may bo accounted for by their extreme delicacy 
placing them beyond tlie reach of our instruments, since the greater the 
penetration of the object-glass, and the more perfect the illumination, tho 
greater is the number of species found to possess them. When, therefore, wo 
use the terms “ smooth ” and “ very smooth ” in definitions taken from foreign 
works, they must be understood to mean only that the strim were too fine to 
be ascertained by tlie inieroscoiu; of the dcscribcr. 
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The word transverse is, for the sake of brevity, omitted before stria) in 
the definitions, but, unless the contrary bo expressed, it must always be 
understood. 

Wlien the frustules arc lunate or curved, the convex margin is called the 
dorsum and the opposite the venter. 

W’^c have not mentioned the Sporangia in the generic and specific descrip- 
tions, because the examples recorded are too few, and that condition is too 
seldom met with to be practically useful. With respect to the general 
history of the Diatomaceae, the importance of Mr. Thwaites’s discoveries can 
scarcely be overrated (see p. 61). We consider it, however, desirable to point 
out, that whilst the similarity of their conjugating process to that of the 
Desmidiea) affords a powerful argument in suppoi*t of the vegetable nature of 
the Jliatomacete, the widely different characters of their sporangia, not merely 
in form but in subsequent changes, furnish irresistible evidence of the pro- 
priety of separating the Desmidiea) from the Diatomacea). The rcsomblancc 
of the re])rodiictivc bodies in the latter to the parent fmstules, and their con- 
tinuous growth and increase by self-division, is so unlike what we find in 
the 8])orangia of the Desmidiea) and Conjiigatie, as to appear more like an 

alteniation of generations ” tfian examples of true sporangia. 

The first attempt at a scientific arrangement of the Diatomacea) was by 
C. A. Agardh in the ‘ Conspiictiis Critieus Diatomacearum.’ lie distributed 
them into three families — CymbeUea), Stylluriea), and Fragilariea), according 
to the form of their frustules. lie considered that in each family the frus- 
tules might be free, stipitatc, united into a filament, or enclosed in a frond. 
This system was greatly extended and improved by Professor Kiitzing ; and, as 
Ave believe his arrangement (p. 101) is the best and most natural yet' pro- 
posed, we have used it in this work, admitting, however, some judicious 
alterations proposed by Meiieghini and others. It is true avc do not meet 
Avith examples of the four conditions in cacli family ; but they may fairly bo 
anticipated to occur, and their absence regarded as lacuna) likely to bo Jilleil 
up by future discoveries. We have thus brought together nearly allied genera ; 
for it is often difilcult to distinguish a Eunotia from a llimantidiiim, a Tri- 
ccratium from an Amphitetras, a Cymbella from a detached Cocconoma, and 
an esca])ed frustule of Collotoncma from a Navicula, The arrangements of 
Ehrenberg and Smith avo regard as far inferior, — separating, as they do, such 
nearly allied forms. Indeed the fame of those eminent observers must 
depend on their intimate knowledge of genera and species, and on their 
definitions being superior to those of their predecessors, and not on their 
primary divisions. We feel persuaded that, but for lus lamented death, 
Professor Smith would have been led by increased ac(iuaintonco with the 
Diatomaceae to modify his views in that respect in a future edition of his 
valuable and beautifiil work on the British Diatomaceae. 

ANALYSIS OF THE FAMILIES OF BIATOMACE/E. 


I Valvca with central nodule and median longitudinal line P. 

„ with umbilicus or j^scudo-nodulo and radiant lines or 

cellules 12 

„ without a central nodule 2 

o r Frustules in sido view lunate or arcuato 

‘ \ „ „ with symmetrical margins {\ 

.. I Valves dissimilar STiUATELLEiE. 

1 „ similar 1 

4 ( Valves cellulost^, without Iransvcrsc striae ANOULiFEii/ii. 

■ \ „ not cellulose 
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Valyes with pervious costuj or sirifie 

a longitudinal lino or keel 

Frustules cuneale in the front view 

„ not cuneate in the front view 

Frustules free ; valves with ahe 

„ attached or united in filamonta ; valves without aim ... 

Valves dotted, dots not forming strim 

„ not dotted, or the dots arranged in transverse lines 

Frustules radiating from a common centre; valves obovate or 

clavato 

„ not nuliant ; valves with symmetrical ends 

Frustules in front view witli longitudinal vittm 

„ „ without longitudinal viiim (costm per- 
vious) 

Connecting zone (annulate) with imperfect internal septa 

„ „ without internal septa 

Lateral view with 3, or more, angles or lobes 

„ ,, drcular 

„ ,, neither angular nor circuLir 

Valves not conspicuous in front view, which is mostly longer 

than broad 

„ compressed, inflated, conspicuous in front view, which is 

mostly broader than long 

Valves with a longitudinal line 

„ without a longitudinal line 

Valves in front view, rectangular, with transverse capitate vittiu . 
„ „ witli produced angles, processes, or spines 

Valves cellulose, symmetrical 

„ not cellulose, mostly dissimilar 

Frustules suddle-sliuticd: valves mostly with longitudinal blank 

space 

„ not saddlc-sl lapcd ; central blank space (if any) orbicular 

Valves cellulose 

„ not cellulose 

Frustules simple ; lateral view more conspicuous than front 

,, either united into filaments or front view broader tlian 

lateral 

Valves fumished with projecting pro(X)sses 

„ without processes, but sometimes with minute teeth 


FuNOTIEiE. 

SuUlUELLEiE. 


SCRIRELLA. 

Eucamfia. 


Fraoilarib.e. 

LlCMOriIORE.E. 

Meridieai:. 

STRIATELLE.E. 

ANGULIFERyR. 


SURIRELLE.E. 

FuACULAUIBvE. 

TElirSINOft.E. 

1 

BitmuLriiiEiK. 

C11.KTOCEKE.K. 

CAMrVLODISCUS. 


MeLOSIKEiE. 


Melosire.e. 

EuroDiscE^. 

CoSCIMOUlSCEvE. 


01 f Only one valve with a central nodule 22 

’ \ Both valves with central nodules 23 

22. J Frustules adnatc, not gcnuflexed CocconeidevE. 

' 1 „ not adnate (often stipitate), gcnuflexed Aciinantiieas. 

1 Frustules cuneate in front view ; valves usually with dissimilar 

23. -I ends GoMriiONEMEiE. 

[ „ not cuneate ; valves with symmetrical ends 24 

2 ^ r Median line rib-like and distinct; nodules distinct 25 

' \ „ not rib-like ; nodules mostly obscure 2 

t,r / ISidc view lunate ; nodule mostly cxcentric 20 

\ „ not lunate (rarely lunately curved) ; nodule central ... Navicitlb.e. 

r Valves ventricosc, strim not decussating CYMBEiii.E.E. 

^ ‘ \ „ not ventricoso, strim decussating Toxonidea. 


Individuals of one piece, with radiating spines Actinisce.e*. 

Families. 

* Valves wUlwut a central nodiUe, 

Eunotiem. Meridica?. Licmophorca?. Fragilariem. Synedrea?. SurirclleaB. Stria- 
Udleic. Terpsiiioem. Biddulphiem. Angulifcrcoe. Eupodiscem. Coscinodiscem. Melosircsr. 


Chmloccrcm. 


2 * J ’'uJrcb with a median line and a central nodule. 
Achnaiithea*. C^ymbelleay. Gomphonemcm. Naviculem. 


Actiniscem. 
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FAMILY L— EUNOTIE^. 

Frustules free or adnate, in lateral view lunate or arcuatCy with transverse 
striae or costtc, not interrupted by a central nodule or longitudinal lino. The 
essential cliaractera of this group are the lunate form of the frustules- in the 
lateral view, and the striae being continuotis across the valve, and not inter- 
rupted by a longitudinal line. It is easily distinguished, except from some 
species of Synedra, which, however, are linear-curved rather than lunate, 
and usually have an evident though faint longitudinal line. Amphiplenra 
injlexay which in form more nearly resembles Eunotia, has a longitudinal 
line passing down the middle of the lateral valves. The Eunotiea> have one 
surface of their connecting zone flat or concave and the opi)osito one convex, 
the convexity being usually greater than the concavity. The lateral portions 
or valves are either flat or convex ; in the fonner case they do not appear in 
the front view, and the frustulc appears quadrilateral ; in the latter, on a 
front rfew, they have an oval form. like most Diatomaccflc, the connecting 
zone has two puncta at each end. 


Genus EPITHEMIA (K.). — Frustules lunatcly cnn^cd in lateral view, and 
fumished with transverse internal ribs (canals, Sm.); usually adnate by the 
flat or concave surface of the connecting zone, and not l>y one of the lateral 
valves, like Cocconeis. The lateral view has stronj^y -marked transverse lines, 
which Mr. Smith, in his l)cantiful work ‘ The British Diatomaccac,’ calls 
canaliculi. We consider them internal ribs; in fragments it is by no means 
difficult to SCO them, as they give a dentate appearance to the margin ; their 
form is somewhat triangular, but we are unable to detect any internal cavity 
or canals. Mr. Smith, however, may liavc used microsct)pcs of larger angular 
iiperturo and higher magnifying powers than we emidoyed. Besides these 
ribs, tlic valves have transverse stria) or imnctatcd lines. The adnate frus- 
tules and strongly-marked ribs distinguish Epithemia from Eunoti«a and 
Himantidium. In the front view the ends of tho ribs tmjnontly ])roducc a 
beautiful beaded appearance. These heads form two longitudinal lines, and 
are more or less remote from the margins, according to tlm convexity of the 
lateral valves. They arc frequently more numerous on one side than on the 
other, and are not all equidistant, even in the same scries. 


* Front I'leto tjihhms at the centre^ 
costec fine, 

Epitttkmia gihha (E.,K.). — ^Front view 
elongated, linear, inflated at the centre 
and ends. KlI p. 33, t. 4. f. 22. = JVtf- 
viada fihba^ E Inf. p. 184; Etnwtia 
(jihbny EA & M, many figures. Fresh 
water. Common. Ehrenbevg g^ves about 
TOO habitats in Europe, Asia, Australia, 
Africa, and America, (xit. 27.) Striro 30 
ill -001"; costae 15 in *001". — Distin- 
guished by its elongated fnistules, fine 
etrifo, and dilated ends; but, from its 
nearly straight side-view, its proper genus 
may be overlooked. 

E. rentricosa (K.). — ^I'roiit view ellip- 
tic, oblong, with gibbous middle ; valves 
arcuate, with gibbous dorsum and atte- 
nuated, acute, somewhat incurved ends ; 
striic fine. ILB. p. 35, t. 30. f. 0 ; SBD. 


i. pi. 1. f. 14. Fresh and brackish water, 
hhirope. 

JiJ. angidata (Perfy). — ^Dorsiun tnrgid, 
sloping to the obtuse ends ; venter con- 
iMivc nt the centre, striae about 12 in 
1-1200". Rab Dittt. m 18, t. 1. f. 18. = 
Eiinotia Jasirahenffisy EM. pi. 8. 1. f. 3 ? 
Switzerland. Pnssil. Hungary. Ac- 
cording to tho figurc^s, the) frustules 
ore gibbous or rhomboid in tho front 
view. 

2* Front vimc with marffinal bead-liko 
dots formed by the capitate ends of the 
costof ( = Cystopleura, Freb.), 

E. Argus (E., K.). — Front view rect- 
angular, with conspicuous ocelli termi- 
nating the stalk-liko costae, and having 
distinct stria) iiihn-jiosed between them. 
K B. p. 35, t. 20. f. 55. = Fnnotia Artjusy 
EA. p. 125, & M. 1. 15 A. f. 50. Europe, 
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Asia, Au!?tralia, and America, (xv. II.) 
Valve hiiiaiely cui’ved. Spt>raii«ial fms- 
tides with somewhat angidar doi'siim. 
A coiunioii species, easily riiet)}riiized by 
ilio distinct marginal stiiio intei'poscid 
between the rather distant, conspicuous 
bead-like octdli. 

K. (ilpeatria (K.). — ^Front view rectan- 
gular or subenneate, with conspicuous 
marginal ocelli and interposed striie ; 
valves narrow, ai'cuate, witli the roiuided 
apices scarcely a little recurved. KB. 
p. .‘14, t. 6. f. 1(). = jB. (istnmlina, Uab Dial, 
p. 11), t. 1. f. 21) P France, England. 
(XIII. 8.) We are unable to distinguish 
tlii.M species fromi;. Arym ; fur we believe 
that the subiruneate front view is an 
m;cidenlal v.'uialion, and in specimens 
from M. de Biebisson we iind that cha- 
racter by no nuuins constant. Striaj arii 
interposed between the oc(*lli, as in Ji". 
Arym, ami are. mvavly, if not (piiit', a.s 
distant as in that species ; mid we doubt 
whether recnr\ed extr(*mities of the 
valves are not sometinK's found in both. 

E. rviimUita (Niig.). — Front view rect- 
angular, margins with stronger capi- 
tate and intta'ini'diate finer om?sj valves 
sliglitly curvtMl, the obtuse ends some- 
vvhat atfemuated j sfrhe strong, .‘1 to 5 in 
1-1200"; the interstices regularly n*ticu- 
lab’d, veined, niargins finely transversely 
strialed. K8A. p. 881). Switzmliind. 

E. fomjiroruis (E., 8. ). — Front view 
snbre«*(anguhi.r, with conspii iious mar- 
ginal oc»-lli and striaj, as in E. Art/m; 
valves (jhnigated, curved, with obtuse 
• ■nds jind sliglitly angular dorsum. 
8BI). pl.^ ;j(). f. 247. = Eunotia htif/i- 
rormsj IijM., s(!verul ligures. Europe, 
Asia, and America, (xv. (M)). CosUe 
strong, alU-niating with striateil spaens. 
IVrhaps ji sporangial slate of E. An/tts, 

E. occituta ( !<]., K. ). — Front view bar- 
lel-sbapi'd, witli coii.spicnoiis marginal 
ocelli mid iiiterptised stria;; valves In- 
nately curved, with rf>nnded apices. KB. 
p. ;14, t. 21). f. 57; 8BI). pi. 1. f. (5.=7?a- 
notia uwUata, E. hresli watiT. Europe 
and Ammica. hossil. (ireeco. 

10. Euf/ntifc (8.). — Front view inflat(;d, 
Avith truncate extroniili(;s ; a jiIvos lunate, 
with straight, truncate extremities ; 
costic distinct, 8 in 001"; ocelli con- 
spiciumsj slriie .32 in -001". 8 An. 

•Ian. 185/, p. 7, pi. 1. f. 1. Fresh water. 
Ihlirritz, France. 3’h(? nearest allies of 
this spc'cies are E. pnthosrif/r(i and E. 
SonjT. It may be dislirigiiislicd from 
f i(* tirsi by its distinct oci-lli, and from 
tlic second by its conspicuous coslto and 
ilicir arcola-like interspaces. 8, 


E. €omtu(\^.). — 8mall; valves curved, 
with rt'gularly convex dorsum and 
roiindisl ends; strim stniiig and gi*a- 
niilar. = Eimotia comta, EA. 1840, & M. 
pl. (3. 2. f. 17 <?,/. Fossil. Greece. We 
are not certain whether this and the next, 
species are correctly placed in the oetd- 
lated section. 

E. JleUemca (E.). — Valves long, 
curved, with regularly convex dorsum 
and rounded ends; cost® strong, 4 in 
1-1200", having very delicate strim in- 
tervening between them.=Eunotia llvl- 
Umicn, EA. 1840, & M. pl. 6. 2. f. 17 //, h. 
Fossil. Greece. 

3 * Costco not capitate. 

E. vonstricta (Breb.). — Front view 
I elliptical, slightly constricted at tlu; 

I niiddlo; valve semilimate, with 8 distinct 
costie in 001". 8151). vol. i. p. 14, pl. 

30. f. 248. Brackish water. France and 
England. Strim .‘>0 in -001". 8. 

I h], nuvnianiifvra (l{al>.). — Front view 
baiTcl -shaped, witJi trunc;ate ends and 
striatisl margins; valves Avith tliree dor- 
sal iiiululat ions and rounded ends ; costie 
4 to 5 in 1-1200"; bordered by puncia. 
Uab Dial. p. 17, pl. 1. f. 12. l*ersia. 

E. MaseuJas (K.). — Front view siib- 
(U'biciilar; vahes lunate, witli very con- 
vex dorsum, concave vontt;r, and tajier- 
iug acute apices; costm distinct. KB. 
p. 1. :)(). f. (5; 8BJ). pl. 1. f. 10. = 
J^hnoUa iSpharuhif EM. pl. 8.1. f. 0*:^ 

I Brai’kisli Avater. Europe, Asia, Africa, 
and America, (xiii. 18.) Striae 40 in 
• 001 ". 8 . 

E. 7’apcstris (8.). — Front view elliptic; 
or cdliptic-lanceolatc ; valves si;mila,n- 
ceolalc;, tapering to the; subacute apices; 
coslai distinct ; striie faint, 40 in *001". 
8111). vol. i. p. 14, pl. 1. f. 12. E. (Me- 
rata, KB. t. 30. f. 3 ; KA. p. 3. ’= E. 
WesUrmannif SllJ). vol. i. p. 14, pl. 1. 
f. 11. Fresh or brackish water. Europe 
and America. 

1C. quinqavcostata ( Uab.).— VaJ vc semi- 
lanceolate, Avitli obtuse ends, and live 
somcAvbat converging coslao. Uab Dial, 
p. 18, t. 1. f. ,35. Germany. 

E. llymhnani (8.). — Front vieiV ven- 
tricose with truncate ends ; valves stout, 
lunately curved, with rounded apices; 
striie monilifonii, IG in -001"; cost® in- 
conspicuous. 81114. vol. i. p. 12, pl. 1. f. 1. 
= Eimotia Luna, EM. pl. 15 a . f. 68. 
Britain, [jarge^; valve; not recurved. 

E. Westermamii {K, K.). — Front view 
elliptic; Aidvcs semilimate, with turgid, 
convex dorsum gradually attciuiaUM to 
the rather obtuse not prominent apices ; 
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strife scarcely converging;, 7 or 8 in 
1-1200". Kk p. 26, t. 60. f. 4. = Eu- 
notia Wvstennanni, E Inf. p. 190, & M, 
many figures, l^nropo, Asia, and Anio- 
rica. (IV. 2; ix. 167.) In Ehrenborg’a 
figures the friistulcs arc large, the stout 
valves have the obtuse apices somewhat 
produced and recurved, and the inter- 
stices of the costaj furnished with dotted 
linos. 

E. t/ihbemht (E.). — ^Front view elliptic, 
with slightly produced apic(is; valves 
with gibbous dorsum, slightly concave 
venter, and attenuated, recurved apices ; 
strife converging, il6 in 
(jihhemhiy EA. p. 125, ^ M, uuiikm’ous 
iigures. = E, /Somr, KSA. p. 1; SI 51). 
vol. i. p. 16, pi. 1. f. 5). Fresh or brfu;kisli 
wjiter. Common. Europts Asia, Aus- 
tndiai, Africa, and Americfi. Costto in- 
coiispieiious. 

1]. Saxonica ( K. ). — Minute ; front view 
rectangular ; valves Innately curved, at- 
tenuated, witli obtuse not recairved tnids ; \ 
strife siihcon verging, 0 to 7 in 1-1200". 
Kl». p. 66, t. 6. f. 16, Italy and Ger- 
many. 1-840". 

M. 2\‘xlriviila (11, K.), — Vfdve linear, 
liniJitely curved, witli rounded ends j 
costfU stout, distant; iuU'rspacc's with 
series of longitudinal strife. Kl>. p. 66, 
t. 29, f. 66. = Eunotia Irxtrivtthty EA. 
p. 126, & M, several ligurtjs. llirope, 
Asia, Australia, Africa, and America. 
iSniall ; ends not recurved. 

E. Zvhnt (11, K.). — Front view sub- 
linear; vfihes semiliiiifite, with convex 
dorsuiij, sti'fiight venter, and very obtuse*, 
slightly proiiiiiient apices; costfe con- 
vergent, »5 to 7 in *001". Kll. p. 64, 
t. 6(). f. 5; S151). pi. 1. f. = Eunotia 
Zebra f E. J']urope, Asia, Africa., and 
America. Strife 66 in *001". S. 

E.cefi/7y///( II, K.). — h]longated ; valves 
with evenly convex dorsum, gradually 
decurnait into the obtuse., iMuistrictcd 
ti-pices; interspiwes dotted. KH. p. 64. 
= Eunotia zebrina, EA. p. 126, iV: M, 
several iigures. Asia, Australia, Ame- 
rica, and hhirope. 

K. tunjida ( II, K.^. — I iOi'go ; front view 
lint‘arVr slightly dilated at the middle ; 
valves curved, with the slightly convex 
dorsum gradually attenuated to the trun- 
cate apices, which arts neither prominent 
nor recuiwed; strife diverging, 8 or 9 in 
1-1200". KlI. p. 64, t. 6. f. \\,^Eunotm 
(urtfidaj Itl Inf. t. 14. f 5. Jlirope, Asia, 
aiui America, (iv. J ; ix. 159-161.) 

E. ijramdala (E., K.). — Large : front 
view linesir or linear-oblong ; vfilves 
slender, slightly arcuate, with obtuse. 


recurved apices; striae moniliform ; costm 
distinct. KB. p. 35, t. 5. f. 20. E, Faha, 
KB. p. 6(5, t. 6. f. 21. = Eunotia </ranu- 
lata, E Inf. p. 191, t. 21. f. 20 = 7^>/V//c- 
mia tunjida, SBI). vol. i. pi. 1. f. 2. Eu- 
rope, Asia, iVfrica, and America. 

|‘ E. Vortaf/ns (K.). — Largo; front view 
sublinear, gimlnally dilated at tho mid- 
dle; valves slender, arcuate, with rounded, 
iidlexed fipict‘8 ; costfc converging, 10 in 
1-1200" ; striae punctate. KB. p. 66, 
t. 60. £. 2 = E. ijranuhita, SBD. vol. i. 
1. 1. f. 6. Fresh water, bhirope. Ite- 
sembles the last, but tho vidvos arc far 
more slender. 

E. Librih (E., K.). — l^irgo ; front view 
iiiclangiilar ; valves arcuate, with con- 
cave venter, dorsum ovcuily convex at 
the middle, siuhhnily deereiusing towards 
the obtust!, slightly rtivoliite apices ; in- 
terspaces bebveeii tho costfo dotted. 
KB. p. 516, t. 29. f. 45. = Eunotia Librila, 
E Amer. p. 126, t. 6. 1. f. .68. Asia, 

I Africa, and Aim^rica. (xir. 24, 25.) 

E. Porcvlhui (K.). — Large; front view 
line Mir, sevtni times as long as broad ; 
valves ivith convex dorsum, concave, 
venter, find truncate rellexed ends ; 
strife converging;, 11 in 1-1200". KB, 
p. 64, t. 5. f. IS, 19. Fossil. San Fiore. 

! (XIII. 12.) 1-240" to 1-216". 

E. proboscidva (K.). — Small ; front 
view rectangular with obtuse angles ; 
vfilves with gibbous dorsum, slightly 
concave venter, and constricted, obtuse, 
itmuirhably recurved ends ; cost.aj con- 
spicuous, converging. Kil. p. .65, t. 5. 
f. 16; 8151). vol. i. p. 16, pi. 1. f. 81' 
Fossil, I .liinebiirg ; Bntain ; recent, Jer- 
sey. Costa) 5 or 6 ill 1-1200". British 
specimens have tho front view inllated, 
and tht*refore may bci distinct. 

E. ? marina (l)onkiuj. — IJorsnl view 
rcictangular, with longitudinal series of 
puncta on the connecting zone; valves 
linear, slightly arcuate, with produced 
rostrate apices; costm conspicuous; in- 
terspaces punctated. Donkin, TJMS, 
vol. vi. p. 29, pi. 6. f. 14. Marino. Eng- 
land. A large and beautiful Diatom, 
whose genus is somewhat imcertain. It 
agives witli Amphora in having the Jon- 
gitudinal rows of puncta confined to tho 
dorsal snrffice, wdiilst in the form of its 
valves it resembles some imccies of 
Nitzscliia. Costro and strife 11 in *(>01". 
Donkin. 

Doubtful and insufficienllij known species^ 

Vi. Etvctra = Eunotia Ekvlrn, EJM. 
]il. .67. .6. f. .6. Fossil. Prussia. Valvo 
: scmiorbicular, with strong, radiant striic. 
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E. LiniUgii (Rab.). — Minute ; front | 
view orbicular ; costae 0 to 7. Rab Diat. i 
p. 19, pi. 1. f. 20. Bog^ota. j 

E. Sancti Antonii = Etmotia Sancti | 
AnUmiiy ElVl. pi. 34. 6. f. 7, &c. Ame- 
rica. Front view rectangular, -witb 
conspicuous marginal capitate striae ; 
valves obtusely lanceolate, straight, with 
strong transverse costa). Probably a 
Donticula. 

E. lieatonim=^Eunotia Beatorum, EM. 
pi. 34. 6. f. 8. America. Front view 
rectangular, with mai*ginal gland-like 
pimcta. According to Ehrenberg, this 
species is allied to E, Sancti Antonii, 

E. Lunula = Eunotia Lunula^ EM. 
pi. 33. 7. f. 9, & pi. 33. 14. f. 8. Ehren- 
berg’s figures diner considerably. The 
first is slightly arcuate, elongated, with 
obtuse, slightly recurved ends; the se- 
cond is smaller, lunate, rtmidly tapering 
to the obtuse ends. Both have radiant 
costee without intermediate dotted lines. 

E. mesolcpta = Etmotia mesolcptay EM. 
pi. 9. 1. f. 26. Fossil. Franco. Valves 
elongated, slightly curved, with attenu- 
ated middle, and conic ends ; costae alter- 
nating with dotted strias. 

E. mesotjongyIa=^ Eimotia mesogongyla, 


EM. pi. 9. 1. f. 27. Fossil. France. 
Valves linear, elongated, slightly curved, 
with gibbous middle, and rounded cuds ; 
costfiB alternating with dotted stria). 

E. ? Faba (E., K.). — ^Valves semiovnl, 
slightly arcuate, with obtuse, very slightly 
recurved apices, and 9 monilifomi striae 
in 1-1200", Eunotia Faba, EM. Seve- 
ral figures. Ehrenberg’s figure seems to 
us rather to represent a Eunotia than an 
Epithemia. 

E. ? dngtdata (E., K.). — Small, smooth, 
with convex dorsum and tumid connect- 
ing zone. KB. p. 36. = Eunotia P cin- 
gmata, EA. p. 126, t. 2. 6. f. 34. North 
America. Akin to E, gibberula, E. 

E. Cocconetna = Eunotia Cocconema, 
EM. pi. 34. 7. f. 1. Canton. Valve 
stout, semilunato, with regularly conv(;x 
dorsum, straight venter and rounded 
ends, strong costae, fine inteiinediate 
striae, and a longitudinal blank line. 

E. Cistula = Eunotia Cistula, EM. 

{ >1. 8. 1. f. 6, &c. Asia. Front view ob- 
ong or elliptic, with costate margins; 
valves stout, lunate, with obtuse ends, 
strong, radiating costae, and a blank 
longitudinal lino. 


Genus EUNOTIA (E.). — Fnistulcs free, in front view quadranguhir, in 
lateral view lunate, or arcuate, and striated. In form, Eunotia is allied to 
Epithemia ; but the lateral surfaces of the fnistules are merely striated, and 
want the conspicuous costa) of that genus. The superior margin is usually 
undulated, — an appearance caused by transverse depressions. The fnistulcs 
are not adnatc, and in the front view do not appear beaked. 

Wc believe that the species in this genus, as in several others, have been 
founded upon insufficient characters, and that those forms which differ only 
in the undulations should, as Professor Bailey suggests, be regarded as 
varieties. As this work, hoAvover, is intended - to include all generally 
admitted species, we are content to indicate our opinion, the coiTcctnoss of 
which must be determined by future observations. Kiitzing and Meneghini 
describe the transverse section as trapezoidal, and regard it as an important 
generic character ; but wo agree with Professor Smith in doubting the occur- 
rence of such a form. Several species of Eunotia have been found by Bailey 
and Brebisson united into short bands ; and unless the generic characters of 
Eunotia and Himantidium can bo strengthened, it Avill become necessary to 
reunite these genera. The dorsal elevations in Eunotia and Himantidium 
appear, in the front view, transverse darker bands. 


* Dorsal margin of valves not dentate, 

Eunotia nodosa (E.). — ^Valves slightly 
arcuate, with inflated centre and rcflexea 
obtuse apices. ERBA. 1840, p. 16, & M. 

r l. 16 B. 3. f. 26. Asia and America. 
iOugh Moumo di^posit. 

E. Formica (E.). — ^Valves linear, with 
inflated centre and ends. EA. p. 126, 
k M. pi. 3. 4. f. 18. Australia and Ame- 


rica. Akin to E, nodosa, but with in- 
flated and straight apices. E. 

E. ventralis (E.). — Valves elongated, 
linear, curved, with tumid, rounded 
apices, and gibbous venter. EA. p. 126, 
& M, several figures. Eiuope, Asia, 
Africa, and America. 

E. Luna (E.). — Valves linear, Innately 
curved, with simply convex dorsum, 
cribbous venter, and obtuse apices. 
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ERBA. 1846, p. 77, & M. pi. 33. 12. f. 13. 
Fossil. Oregon. 

E. Sima (E.). — Valves linear, slightly 
curved, with rather concave venter ; 
doraum suddenly sloping down to tho 
produced, acute, rellexed apices. ER 
BA. 1846, p. 77, & M. pi. 33. 12. f. la 
Fossil. Oregon. 

E. biceps (E.). — ^Valves linear, curved, 
with dilated, slightly revoluto, broadly 
rounded ends. EA. p. 126, & M. pi. 6.2. 
f. 3a Europe and America Some at 
least of Ehrenberg’s figures in the ^ Mi- 
crogeologie’ belong to Synedrajiexuosa, 

E. Alpina (K.) = Ilimantidmm IIal~ 
cymiclUe (Perty). — Valves with turgid 
convex dorsum, slightly produced sub- 
truncate (mices, and vei^ fine transverse 
striae. KB. p. 36, t. 3. f. 10. Switzer- 
land. 

E. incisa (Greg.). — Valves arcuate, 
slender, with obtuse or subacute apices, 
and sul3terniinal notches or depressions 
on tho ventral margin ; striae fine, 44 in 
•001". Greg MJ. vol. ii, p. 90, pi. 4 
f. 4. Lapland, Scotland. 

E. Plectrumy EM. pi. 6. 2. f. 16. 
Fossil. Sweden. Valve semilimate, con- 
strictiul beneath the capitate apices ; 
venter straight; dorsum t*vouly convex. 

E. Hemicyclus (E.^. — Siiiall ; valves 
linear, cur\-ed, semicircular, with obtuse 
apices and distinct transvci'se striae. =s 
Synedra Ilemicydns, ICRBA. 1840, & 
IVI. t.^10. = E, EdXf Greg MT. vol. ii. 
p. 106 ; MJ. vol. iii. pi. 4. f. 1. Fossil. 
Sweden. 


2 * Valves with two dorsal and three 

ventral undidations. 

E. Crocodiliis (E.). — Valves elongated, 
slightly curved, with two dorsal and 
three ventral undulations; apices pro- 
duced, subacute, reflexed. l^RBA. 1846, 
p. 77 ; M. pi. 34. 6 a. f. 4. Africa and 
America'. 

E. Tapacnnutcj EM. pi. 34. 6 a, f. 6. 
America. Valve with two dorsal and 
thro(i ventral undulations separated by 
deep sinuses; apices abruptly produced 
into a fdiort beak. E, Papacumae seems 
to differ frrjm E. Crocodilm in its stouter 
form, deeper sinuses, and more abruptly 
pvoduced apices. 

3 * Valves with, dentate or crenate 

doi'sum. 

E. Cameliis (E.). — Valves striated, 
small ; dorsmn with two approximate 
rounded elevations, sloping to the atte- 
nuated, produced, obtuse apices. EA, 


I p. 126, t. 2. 1. f. 1. Asia, Africa, and 
' America. 

E. bidentula (S.). — Valves faintly stri- 
ated, with two prominent, acute or 
rounded dorsal ridges, very straight 
ventral margin, and obtuse, produced 
apices. SBl). vol. ii. p. 83. E. Camclus, 
Grev ANH. 2nd series, vol. xv. pi. 9. f. 1. 
Britain. Differs from E Cavnelm in its 
straight ventral margin. 

E. SelUt (E.). — Valve dilated; ventral 
margin straight; dorsum with two central 
ridges, from which it passes with a re- 
gular convexity to the acute apices. 
EA. p. 126, t. 2. 1. f. 7. America. 

E. ZpytHlon (E.). — Valves linear ; dor- 
sum with two approximate ridges, from 
which it passes oy a cur^^ature to tho 
rounded apices. EA. p. 127, t. 2. 1. f. 6. 
America. 

E. declivis (E.). — Valves with piano 
venter ; dorsum convex, with two ridges 
which slope to the acute apices. EA. 
p. 125, t. 2. 1. f. 3. America. 

E. impressa, EM. pi. 2. 2. f. 30, &c. 
America. Small, striated; valves nar- 
row, linear, with two slight dorsal un- 
dulations and obtuse ends. Perhaps a 
hicrenate state of E. tridentida, 

E. hactrianay EM. pi. 10. 1. figs. 29, 
30, & pi. 16. 2. f. 19. I^ssil. Sweden. 
This seems a distinct species, with linear, 
nciarly straight valves, and two remote, 
minute dorsal teeth. 

E. cZeWow (E.). — Valves stout, with 
tw^o roimded dorsal ridges and broadly 
rounded ends; strioB distinct, radiant. 
E Inf. p. 192, t. 21. f. 23; SBD. pi. 2. 
f. 17. Ileccnt and fossil. Europe, Asia. 
Africa, and America. — ^This and the thir- 
teen following species of Ehrenbcrg we 
regard as mere varieties, which differ only 
in the number of their dorsal elevations. 
The species may be called E, rohusta : 
its valves are stout, semiluiiate, willi 
concave venter, broadly rounded ends, 
turgid convex dorsum furnished with 
conspicuous, rounded, diverging ridges, 
and the striae are strongly marked and 
highly radiant ; ns, however, the valves 
increase in length, according to the in- 
creased number of dorsal ridges each is 
comparatively more slender than its pre- 
decessor, ami tho ridges are smaller and 
resemble crenations. 

E. triodon (E.). — Has three dorsal 
ridges; otherwise resembles E, diodon 
E Inf. p. 192; SBD. pi. 2. f. 18. Recent 
and fossil. Imrope, Asia, Africa, and 
America, (iv. 4 ; ix. 164.) 

E. tetraodony E., Sm., K., Rah. ; E 
pentodony E., K. ; E. Diadema (6 ere- 
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nations), E., K., Sm. ; E, heptoihuy 
E., K. 'y E, octodon, E., K. ; E, vunaodony 
E., K. ; E, decaodon, E., K. ; E, hen- 
decaodon, E., K. ; E. dodecaodon, E., K. ; 
E, serndata (.18 crenations), E., K . ; E. 
pnofiotis (14 cronationa), E., K. ; E, 
polyodmi (all forms with more than 20 
iTcnation^, E., K. Eosail and recent. 
Europe and America. — Jlr«5b., Rab., and 
Kiitz. place E, tetraodon in lliniauti- 
diiim because the frustulea are occa- 
sionally united into short tablets. Wo 
are unable to concur with them. 

E.-EZ< 7 >/irts(E.). — Valves stout, curved, 
with three doi-sal toetli and broadly 
rounded ends. EA. p. 126, 1. 1. 4. f. 6. 
Rrazil. 

E. dizyga (E.). — Valves striated (?), 
semilunato ; aorauni with four ti^ctli, ap- 
proximate at the middle. EA. p. 12G, 
t. 2. 1. f. 8. Cayenne. 

E. Corona (Kab.). — Valves nearly as 
broad as long ; dorsum turgid, with live 
ridges ; venter shorter, and separated 
from dorsum by a consirictioii. Kab 
Diat. p. 17, t, 1. f. 80. Italy. Striie di- 
stinct, radiant. 

E. tridentxda (K). — Small ; valves 
finely' striated, curv(‘d, narrow-linear, 
with tluve slight dorsal crenations, and 
obtuse re(airved apices. 10 A. p. 120, 
t. 2. 1. f. 14; Grev Annals, 2nd series, 
XV. pi. 1). f. 2. Europe, Asia, Africa, 
and America. — Wo would unite this with 
the following tliirteeii sp(;cios under the 
name of E. Ehrenheryiu The valves are 
linear, curved, Avith small dorsiil teeth 
or crenations, and become lai'ger and 
longer in proportion to the number of 
Ilnur teeth. The strim are loss radiant 
than in E. robmtaj and the dorsum less 
turgid. 

E, quaternaria, EiV. ; E. quinaria 
(xii. 39), EA. ; E, senaria, E. stptenUy 
EA. = E. septenaria, EM. ; E.oetonaria, 
E, nonanay E, dvnuna, E» timhmaria, E, 
Terra (12 crenations), E. tridenarUiy 
E. quatuordUmaruiy E, quindeuftria, E. 
bioctonaria. Recent and fossil. Eu- 
rope, Asia, Africa, and America. Ehr., 
Kiitz. 

E. scalaris (E., K.). — Dorsum with 17 
dorsal teeth. EM. pi. 17. 1. f. 44. Fossil. 
Finland. In this and the two following 
species hlhrenberg probably included 
forms belonging to E, robusta and E, 
Ehrmberyiu 

I^. icoHodon (E., K.). — Valves striated, 
linear, curved, with 20 dorsal t(*eth. 
ERR A. 1845, p.77; Microg. pi. 33. 10. 
f. 3. Fossil. America. 

E. pohjodun (li.) resembles E, icoso- 


dotiy but has more than 20 dorsal teeth. 
E. h e, p. 77; Microg. pi. 17. 1. f. 46. 
Fossil. Finland. 

Doubtftd and insufficiently known Species, 

E. triylyphis (E. ) = J?. triodouy Rolfs, 
Annals, vol. xiii. pi. 14. f. 8 ? Africa and 
America. Sussex ? 

E. tetraylyphis (E.). Asia, Africa, and 
America. 

E. pentagljyphisy EM. pi. 10. 2. f. 22, 
& pi. 17. 1. f. 32. h]urope, Asia, and 
America. Valves minute, linear, witli 
live dorsal, approximate teeth, (iv. 3.) 

E. hexaghjphisy EM. pi. 10. 1. f. 84, 
& pi. 1(>. 2. f. 24. Europe and Asia. 
Resembles E, pentaglyphisy but has six 
doi*sal teeth. 

'rhe above foniis arc probably only 
varieties. They seem to dilfer from E, 
Ehrenheryii in mon; minute size, obso- 
lete or indistinct s trite, and approximate 
teeth. 

E. Amphidicranon (E.). — Valve qua- 
drangular, straight, transversely striated, 
Avith constri(;ted middle and eniarginate 
ends. JOKUA. 1846, p. 77 : Microg. 
t. 12. f. 14. Fossil. Oregon. 

E. bre/'icornis (hJ,), — Oblong, dilated 
Avith suddenly acutely rostrate ends ; 
venter slightly concave at the middle ; 
dorsum slightly convex, nearly smooth 
(voiy finely striated?). ERKA. 1846, 
p. 30;3. Maiine. India. = A, Nitzschia ? 

E. Cretce (E.). — Vtilves striated, nar- 
roAv-lanceolate, acute, vtuy gradiuilly at- 
tenuated at each end. EKllA. 1844, 
p. 81 ; EM. nl. 22. f. 55, 50. Cocconerna 
Crctcdy E. Fossil. Sicily. 

E. (E.). — Small, striated, sub- 

quadrate ; venter Avider than dorsum, 
the latter slightly fuiTOwed ; ends ob- 
tuse, rather prolonged. EM. pi. 39. 8. 
f. 42. Siberia, Africa, and America. 

E. Gangetica, EM. pi. 35 a. 9. f. 2. 
India. Fragments large, striated, Avith 
straight vimter, convex dorsum, and 
broadly truncate apices, which are 
slightly produced dorsally. 

E, Australis ; E, ceelata ; E, Cygmis ; 
E, Paradoxa; E, serpentmUy Australia, 
Ehr.; E.Phryifia; E.lcpida; E,MoHi8: 
E, rostrata ; E. Uralensis : E, apietdata ; 
E, Siberica ; E, borealis ; E, Leptostojnd ; 
E, tmibilicata, Asia, Ehr. ; E, subulis ; 
E, m€rt'a ; E, carinatny Africa, Ehr. ; E, 
Araneanire; E, edulisy America, Ehr.; 
El ,7///nfai iV, lirazil, Ehr. ; E, Guianensis; 
E,])emerarai: E,Pomerom ; E.Snrnnnrp: 
E, synedroy Guiana, Ehr.; E, Colmnbiy 
Columbia, Ehr. 
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Genus AMPHICAMPA (E.). — Fnistulcs in lateral view Innately curved, 
having pervious transverse striae and denticulated margins. Ainphicampa is 
closely allied to Eunotia and Himantidium, hut dillers in having teeth on 
both margins. ' 

Amphicampa mirahilis (E.). — Valves EJM. pi. 33. 7. f. 2. = A. Erucaj EM. 
linear, with rounded ends; dorsum with pi. 33. 7. f. 1. Mexico, (iv'. 6.) 
six or seven teeth, and venter with live. 


Genus HIMANTIDIUM (E.). — Frustules united into filaments or tables ; 
lateral view arcuate or lunate, transvcraoly striated. If all the s])ccios in 
Himantidium formed ribbon-like filaments, there would be no difficulty in 
distinguishing it from Eunotia ; but this is not the case, and Kiitzing has 
Avell said, “ It must ho noticed that in many species of Himantidium the 
individuals are not always united into a band, and thertdbre the generic 
character is very variable and stands on a weak foundation.” Professor 
Smith observes that “ there is no mark to distinguish the valves of the two 
genera unless it be in the character of the striie, which in Eunotia are 
radiate and in Himantidium parallel.” If the stria) were indexed always 
radiate in the one genua and parallel in the other, a valuable diagnostic 
mark would he furnished; but, iinfortimately, the convergent stria) occur 
only in those species of Eunotia which have a strongly convex upper margin. 
In the front view Himantidium resembles the Fragilarieoc, but in that family 
the lateral view is nut {ircuate. 


* Dorsum simple, 

Himantidium peetinale (Dillwyii, K.). 
— Frustules united in long filaments; 
valves linear, twcuate, wdlli flattened 
dorsum suddenly sloping to the obtuse 
apicjos, and slightly concave vtmter ; 
strije 27 in 001". Kit t. 1(5; SHI), 
p. 12, pi. 32. f. 280. = II, minus, KB. 
p. 31), t. 10. f. 10; II. slriclum, Rab 
l)iat. t. 1. f. Ic; Frayilaria pectinalh, 
Lyngb. ; Fruyilaria yrandis, K Inf. in 
part ; Eunotia depressa, EA. p. 120. 
Fnrope, Asia, Africa, and America. 

II. Solvirohi (K.). — Valves lunate, with 
evenly convi*x doi'suin, concave venter, 
and rounded ends; striae 30 in *001". 
KB. p. 39, t. 10. f. 9; SBD. vol. ii. p. 
13, pi. 33. f. 282. = Ilimantidium Faba, 
EM. t. 1. 2. f. 3; Eunotia Faba, E. in 
part ? Europe and Africa, (xiv. 13.) 
It might have been preferable to have 
adopted Ehrenberg’s name for this spe- 
cies, since it is evident that the H, 
Soleirolii of Kiitzing was intended to 
include all forms with internal siliceous 
chlls, and his figures of the valves belong 
to another species. 

11. parallelum (E.). — Valves linear, 
strongly striated, curved, wdth simply 
rounded ends. EM. pi. 14. f. /58. = Eu- 
notia paralU-hi, EA. p. 120. Europe, 
Asia, Africa, and America. 

H. monodon (E.). — Frustules large. 


few together ; valves arcuate, with some- 
what gibbous dorsum, and obtuse, slightly 
produced apices ; stihe 34 in *001 ”, EA. 
p. 129, t. 4. =: Eunotia monodon, EM, 
many ligures. SBl). vol. i. pi. 2. f. 10. 
Common. Europe, Asia, Australia, Africa, 
and America, (xv. 10, 17.) 

ll.pneruptum (E.). — Valves striated, 
elongated ; dorsum very convex, with a 
notch-like depression near the dilated 
truncated apices. = Eunotia prtmrupia, 
EA. p. 120, & M, several figures. Asia, 
Australia, and America. According 
to Ehrenberg’s ligures, its valves scarcely 
differ from those of H, monodon, 
except by their more truncate apices, 
and can scarcely be placed in another 
genus. 

H. Arcws(E.). — Valves linear, arcuate ; 
dorsum sinuated towards the rounded 
dilated apices. EllBA. 1840, p. 17, & 
M, many Eunotia Arcus, EM. 

' Europe, Asia, Australia, Africa, and 
America. extremities gradually taper- 
ing, =Zr. attenuatum, liab Diat. p..l9, 
1. 1. f. 10. Germany. 

H. pracile (^E.). — Valves slender, nar- 
row-linear, slightly arcuate, with obtuse, 
somewhat recurved extremities. EA. 
p. 129, t. 2 ; SBD. vol. ii. p. 14, pi. 33. 
f. 286. = Eunotia uneinata, EA. p. 120, 
& M. pi. 16 n. f. 23. h]urope, Asia, 
Australia, Africa, and America. Habit 
of II. Aryus, but more slender, E. Striae 
1 27 in 001", S. 
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H. majus (S.). — Valves linear, arcuate, 
with rounded, subcapitate extremities ; 
stria) 27 in -001". SliU. vol. ii. p. 14, 
pi. 36. f. 280. Britain. Diilers little 
from IL gracilpf save in its greater size 
and elevated dorsum, and is probablv a 
sporangia! fonn of it or some otner 
species, S. It scarcely diliera from some 
of Ehi’enbcrg’s figures of H, paralleliim^ 
except ill its more inflated ends. 

II. exifluum (Brdb.). — Valves slender, 
narrow-linear, arcuate, with obtuse re- 
ciu*ved extremities, and 42 very delicate 
stria) in *001''. KSA. p. 8. Eunotia 
gracilisy SBD. vol. i. p. 16, pi. 30. f. 249. 
Europe. 

II. Verm'is (K.). — Valves smooth, 
plano-convex, with acute apices. K B. 
p. 39, t. 30. f. 7. Eiinotm Iccvisj EM. 
pi. 39. 3. f. 41. Trinidad. 


2 * Valves with craniate or toothed 
dorsum, 

H. hideus (E.). — ^Valves with plane or 
slightly concave venter, biiuidulated 
dorsum, and dilated, truncate apices. 
EA. p. 9, & JNl, several figures. = /i’«- 
9wtia hidensy EA. p. l2o, & M. pi. 2. 1. 
f. 2 ; Eunotia higihhay KSA. p. 0 H Eu- 
rope, Asia, and America. The dorsum 
has a notch-like depression near each 
end. 

II. Guianonse (E.). — Valves dilated at 
the middle, with two dorsal undulations, 
and tapering, slightly ro flexed ends. 
EA. p. 129, t. 2. 1. f. 4. Cayenne, 
(xir. 34.) 

II. Papilio (E.). — Valves subquadrate, 
witli a much dilated bicreiiatc dorsum, 
constricted near the obtuse apices. Ex\. 
p. 129, t. 2. 1 . f. 2. Asia and America. 
(XII. 46, 49-62.) 

H. undulutum (S.). — Valves linear, 
with gibbous venter, three or more 
slight dorsal undulations, and obtuse, 
somewhat recurved apictis. yBl). vol. 
ii. p. 12, pi. 33. f. 281. Jilurope. Distin- 
guished ftom the other British species 
by its gibbous venter. 

II. dentieukUum (Brdb.). — Valves very 
narrow, arcuate, with denticulated dor- 
sum and slightly recurved apices. 
KSA. p. 10. France. Doraum mar- 


g^ed with minute teeth, constricted 
near the rounded apices. 

11. triodoH (Perty). — Valves smooth, 
with concave venter, convex triundu- 
lated dorsum, and broadly rounded ends. 
Perty, Inf. p. 198, t. 17. f. 6. Switzer- 
land. Very like Eunotia diodmi\ but 
striae have never been observed. Frus- 
tules mostly clear as crystal. I*erty. 

IL teniariumy EM. pi. 34. Ga. f. 6. 
Florida. Valves ai’cuate, with slightly 
concave venter, three dorsal undulations, 
and obtuse apices. 

II. (piaternarium (E.). — Valves nar- 
row, very finely striated j dorsum a little 
convex, deeply four-toothed ; venter 
slightly concave, with attiuiuated and 
recurved apices. EKBA. 1862, p. 236. 
California. .Joints of the chain 4 to 7, 
three times as broad as long, E. 

II. quinarimn (E.). — Valves as in II, 

? nateni(trmm, but with five dorsal teeth. 
], I, c, p. 635. Cidifornia, Asia, and 
Africa. .Joints of the chain 14, fiv(5 times 
as broad as long. The friistules of II, 
quaternarium and II, qmuariiun are very 
similor to those of Eunotia quaternnria 
and E. qiiinartUy but are distinguished 
by forming chains and by the attenuated 
ends of the valves, E. 

Doubtful Sjyecies, 

II. carinattmiy EM. pi. 34. 0 a. f. 6. 
Florida. Friistules rectangular, smooth, 
with a transverse median band. 

II. ? marinum (S.). — Filaments tena- 
cious ; valves costate, slightly and regu- 
larly arcuate, with acute apices ; costa) 
10 in -001". S Annals, Jan. 1867, p. 10, 
pi. 2. f. 14. Marino. France. Distin- 
guished by its marine habitat and costate 
valves. 

Species known to m only by name ; 
probably several of them are merely 
concatenated states of Eunotia and 
Epithemia. 

H, AustralicCy E., Australia; H, Ca-‘ 
melusy E., Asia ; II, Textricultty E., Asia ; 
H, Zehrayl^,y Asia; H, x^entrahy E.,Asia; 
II. amphioxysy E., Asia ; H. xinibilicatumy 
E., Asia ; H. jEthionicumy E., Asia ; II, 
Falklandiiy E., Falklaud Islands. 


FAMILY II.— MERIDIEiE. 

Frustulcs prismatic, attenuated at the base, attached, at least when young, 
to a gelatinous cusliion ; in front view cuncato, in lateral view clavate or 
obovate, with pervious transverse costae or striae. Kiitzmg places the Meridieae 
between the Eunotieac and Fragilarieae ; and Meneghini would unite them 
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with tho latter, for he docs not consider the cunoatc form of the fnistiiles 
of any value in an organological point of view,” because of tho occasional 
occurrences of such frustules in Diatoma and other genera of the FragUaricco. 
In the latter family, however, tho cuneate fnistules, when i)rc.seiit, arc in 
general interpased between those of the normal shape, and tho lateml surfaces 
have not dissimilar extremities. Kutzing observes that the forms of this 
family have very great similarity to those of Gomphonema, with which they 
may be the more easily confounded when the individuals occur singly ; but 
they arc essentially distinguished from that genus by not having a central 
nodule in the secondary sides, and by their uninterrupted transverse striae. 
IMorcovcr, this family is much more closely united to tho genus Odontidium, 
from which it is distinguished solely by the foi*m of tho secondary sides, 
which are not symmetrical at both ends.” We, however, consider its affinity 
with the Liemophoreaj still more evident. Tho Meridiem, Licinophorem, and 
(jomphonemeaB “ form a group [the Styllariem of Agardh] distinguished by 
the triangular form of the frustules, which have their smaller ends direct<?d 
towards a common centre. The frustules in this group have a central and 
tAVo lateral portions, as in Diatoma and Fragilaina, in which genera cuneate 
frustules are also occasionally met with. But in the Fragilariem, when two 
or more cuneate frustules aie united, the alternate frustules have their 
smaller ends in opposite directions, and hence their filaments arc linear; 
whilst they are attached, if at all, only by the basal frustulo. In this grouj), 
on the contrary, as the smaller ends arc in the same direction, they point to 
a common centre, and when sti])itato, each frustulo is attached to the stipes ” 
(Italfs). The Frustules in the Meridiem have two puncta at tho broader end, 
and sometimes other two, but more obscure, at the smaller end ; they want, 
hoAVcver, tho sutui’al or fracturc-hke longitudinal lines which are present in 
the LicmophorcoB. 


Genus MERIDIOII (Lcibl., Ag.). — Fnistules cuneate, united in a spiral 
filament ; transverse costae of lateral surfaces pervious. “ The species vary 
according to tho cii’cumstancos of development, as well with respe(;t to size 
as to other relations. The individuals are met Avith both singly among other 
Algae and also in masses. At times examidcs are found which are always 
composed of only fcAv individuals ; others again consist of individuals united 
in greater number ; but generally the longer spiral ribands arc rare.” (Kiitz.) 
Professor Eiitzing formed a new genus (Eumeridion) for the reception of 
M. constrlctum ; but his reasons have been considered inadmissible by De 
Brebisson, Meneghini, and Smith. Meridion is remarkable for the frequent 
occurrence Avithin its frustules of an obovate sUicious cell, which is usually, 
but not invariably, diAddcd into two symmetrical portions by a longitudinal 
suture ; the lateral margins of the inner cell, as well as the sutural lino, are 
crenulatc like those of the original frustulo. Tho different aspect presented 
by specimens in this condition has induced some observers to describe them 
as a distinct species. Whilst wo agree Avith Professor Smith that tho modi- 
fication is insufficient to warrant such a separation, wo cannot coincide Avith 
him in regarding it even as a variety, since frustules with these internal cells 
aVe indiscriminately mixed Avith ordinary frustules in tho same filament. So 
common, indeed, is this occurrence, prior to the termination of individual life, 
that we have long been convinced that it is tho normal mode of termination 
in this genus. 


MFiRiDiON dretdare (Grev., Ag.). — 
Frustules in lateral vieAv clavato or 
obovate. SBD. vol.ii. p.O, pi. 33. f. 277. 


=M, vernalCf E. ; M. Zincheni (ynih. in- 
ternal cells), KB. ; B, curvatum, K. 
Frustules slightly arcuate. Common, 
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forming a mucous brown stratum on 
leaves, stones, &c., in shallow waters. 
/3, France, (ix. 177, 178; xiii. 21, M, 
ZimkenL) In both the primary and in- 
ternal cells the lateral margins have a 
beaded appearance, produced by the 
ends of the lateral costm. 

]M. eonsti'ictum ( 1 talfs). — Lateral valves 
constricted beneath tlie apex, otherwise 
jis in circulare, SJll). vol. ii. p^l. 32. 
f. 278. = Eumeridion corntrichwifK^A, 
p. 1 1. Common. Europe. Internal cells 
as in M. eirculare. We liave received 
very perfect specimens from Mr. Okeden, 
gathered in Wales. 

Douhtful Spenvs, 

M. ? panduriforme (E.). — Tjateral 
valves constricted near the ends, the i 


capi tatc extremity acuminated. E lufiis. 
pi. 16. f. 3. 1-430". Form that of 6ro;w- 
phomnia acutninatum, 

M. ? ovatum (Ag.). — Frustules ovate, 
combined into a cellulose lamina. KSA. 
p. 10. Sweden. 

M. ? cQccocampyla, EM. pi. 14. f. 79. 
Berlin. Perhaps a bad figure of one of 
the preceding S23ecies with internal 
cells. 

M. marinmn (Crog.). — Front view 
suhlinear, with coarst^ marginal piincta ; 
valves clavate, with 10 coarse marginal 
striro in ‘001", and a hhuik longitudinal 
median line. Grcrgl) Clyde, p. 25, pi. 2, 
f. 41. Marino. Scotland. Frustules 
two to four together. Certainly not a 
true species of this genus, as its costm 
are not pervious. 


Genus ONCOSPHENTA (E.). — Fnistulcs quadrungiihir, cuneate, not con- 
catenate ; valves without an umbilicus, and also destitute of lateral apertures ; 
and internal sej^ta equal, but their ajnees unequal on account of their cuneate 
and uncinate form. Oncos 2 )heniic approach nearest to Podos 2 )heime by the 
ahsence of pedicels in the lathu', but are piiculiar in their uncinate foim. 
Wo ai-e unacquainted with this genus, and ignorant of the reasons which 
induced Professor Kiitzing to idaco it among the Meridiem. 


ONCoaniENiA CcDpalhica (E.). — l^a- 
teral valves cuneate, laxly striated ; one 
end turgid, rounded, straight, the other 
attonuate<l and uncinate. KSA. p. 11. 
Carpathian Mountains. 1-792" : pin- 


nules 11, Probably a distorted state 
of some other 8pc?ci(‘S similar to the 
vai’iety of Dialoma ehnyatum figured by 
Professor Smith in BD. pi. 00. f. 311. 


FAMILY III.— LTCMOPIIORE^. 

Frustules cuneate, longitudinally bivittato, attached or stitiitate, solitary 
or united in a fan-hko manner ; lateral suifaccs striated or smooth, but not 
costate. The fnistules in the front view arc cupcate, and have, like the 
generality of the Diatoinaccm, two inmeta at each end, the ujqier ones, how- 
ever, being most conspicuous. Most frequently two longitudinal Suture-like 
lines, corresjionding to the jiuncta, are more strongly marked in the Licnio- 
phorem than in most other families; these Kiitzing calls “vittm,” and has 
formed a tribe which from them he calls “ Diatomcoc vittatm.” The vittm, 
however, are not peculiar to this tribe ; for, as Meiieghini justly rcmaiks, 
“ tliey are merely the same longitudinal lines which run along the primary 
suifaccs of almost all the Diatomaceac” (MeD. p. 462). Professor Smith 
describes them as ** modifications in the outline of the valve, wliich in ,Podo- 
sjtenia is slightly inflected at its larger extremity, causing, on a front view, 
the ajipearance of notches at the spot where the valves unite with the con- 
necting membrane (ccmtral portion) and the foramina exist. Tlie apparent 
prolongation of this notch to the lower extremity of the frustule is nothing 
more than the valvular suture which is seen in all the Diatomacese ’’ (SBD. 
vol. i. 2 ). 82). 

The cuneate shape of the frustules in the front view, and the dissimilar 
ends of the lattjral surfaces, distiiigui.sh the Licmoj)horc8D from Synedra, the 
species of which often resemble them in liabit. 
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Genus PODOSPHENIA (E.). — Fmstules affixed, in front view cimcate, 
in lateral view clavate, stipes none or obsolete. Podosplienia is identical with 
Styllaria (Ag.). Its sessile frustulos distinguish it from the rest of the 
‘ Licmophoreaj, and the absence of transverse costaj from the Mcridieac. “ This 
genus represents in the Liemophoreae the genus Sphenolla of the Gompho- 
nemcaj ; for, like tliat, it is distinguished from other genera of the same family 
by the more or loss complete absence of the stipes. The obovatc-lanceolato 
figure of the secondar}’^ surfaces is precisely that of the Sphenolla) and of the 
OomphonemooD in general. The cuneatc form of the primarj' surfaces is, in 
Podosplienia, always more dilated at the summit and acute at the base, so 
that they resemble a triangle more than a trapezium.” (M I, c. p. 462.) 

PoDOSPTrKNrA/y>7/r/7M'(E.). — Frustulos nia ahhreviatay E. ; P. Linffhjeif 
narrow cuneate, elongated, with some- Europe, (xiii. 13 i. ) 1-240". 811100 46 
what acute base ; lateral view clavate, in -001", S. Broader and shorter than 
smooth or with very obscure atria). KB. P. gracilis, 

t. 0. f. 10. 1. Europe, (x. 180.) minor P. Jurgensii (Ag., K.). — Broadly cii- 
J -250" to 1-110". uoate with truncate base; lateral view 

P. tenuis (K.). — Linear cuneate, cion- davate, with obscure strife. 8BD. i. 
gfitcd, very slender, with acute base ; p. 83, pi. 25. f. 228. Europe. 1-432". 

lateml view narrow-clavato. KB. t. 30. Stria) 48 in *001", 8. 

f. 51. Noiway. P. orata (8.). — Cuneate with rounded 

P. nann (E.). — Small, smooth, narrow angles ; lateral view obovate, tapering 
linear cuneate; lateral vitiw clavate with- into an acute base; striie iiioniliforni. 

outlines. EM. pi. 11. f. 18, 10. Fossil. 8B13. i. p. 83, pi. 24. f. 226. Shoveham 

Bilin, Bohemia. 1-2300" to 1-1720". luirbour. Stria) 24 in ‘001". *0033" to 

P. dvhilis (K.). — Smooth, njiiTOwly *0042", 8. 
cuneate, ratlier acute at the ba’^e, sub- P. PJhrenhergii (K,), — Large, broadly 
flabellate. KB. t. 8. f. 7. Europe, cuneate; lateral view tapering at both 
1-1380". ends and witli distinct monilifonn trans- 

it. teryestina (K.). — Cuneate trian- verae strife. 8BD. pi. 24. f. 225. l^lu- 
gular, geminate or ternatt^, c.oujoined in rope. (iv. 7 ; xiii. 14.) 1-140". Striro 
a flabellate manner, base rather acute. 27 in *001", 8, 

KB. t.8. f. 13. Trieste. 1-1440". 

P. hyalina (K.). — Very hyaline, cu- Doubtful Species, 

ncate, with approxinuite vittie and sub- P. Ihqnila, EM. Several figures. Ehr- 
acuto base; lateral view obovate pyri- enberg’s figures have a clavate lateral 
form. KB. 1. 10. f. 2. /3. lyieemosaj K., valve with pervious transverse costm and 

obsoletely stipitate, 1. 10, i, 3. Europe, with or without a constriction. All pro- 
1-570" to 1-480". ^ bably belong to Mei'idion mrcularc and 

P, cuneata (Lyngb., Ag.). — Broadly M. constrietuni, 1 le gives about twenty 
cuneate with ratlier acute base ; lateral stations for this species in dilferent parts 
view clavate or obovate, with obscure of the globe, — none marine, 
strife. = Styllaria cuneatay Ag. ; Podosphe- 

Genus RHlPlDOrHOIlA (K.). — Frustulos stipitate, in front view cuneatc, 
in lateral view obovato-lanccolate with a median longitudinal line,” 8.). 
“ Wo encounter the same difficulty in distinguishing llhipidophora from 
Podosphenia that is experienced when practically applying the generic 
distinotion established between Sphcnella and Gomphoncma and in all other 
similar cases (Cymbella and Cocconema, &c.) ; these diflTcr only in the stipes, 
which is very variable in length and not always entirely wanting in the first 
of these two genera. 

The large size of some among the species enumerated by Kiitzing permits 
us to observe clearly the conformation of the shield. Lot us suppose a 
cylindrical articulation of Melosira, and so compress it une(|ually on one of 
its sides, and in the direction of both pairs of opposite surfaces, that the 
resulting form shall be cuneate, and the two incomplete diaphragms formed 
by the internal prominence of the longitudinal canals shall extend like these 

3 D 
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and lose themselves towards the pointed extremity which forms the base ; 
such is the structure of Podosphenia and Khipidophora. Viewed on one 
side, that is, on the lateral surfaces, they present an obovate arch, marked 
on the peripherj^ of the surfaces themselves. The margin of this arch is 
thickened by the presence of tlio canal, which, seen in front, presents in tho 
curve its brightness with an appearance of perforation.” (Meneg Lc, p. 403.) 
Professor Smith saj’^s that ‘‘ a close examination of the fnistulcs shows us 
that tlie distinct and even moniliform strife so conspicuous in Podosphenia 
are iilmost wholly wanting in our native species of Phipidopliora.” Tho 
strife in tho former g(;nus, however, are not always detected with facility, 
since Mcneghini remarks that ‘‘ of tlie nine species described and figured by 
Kiitzing, only one {P. Ehrenhergii) presents transverse strife on tho secondary 
surfaces.” Careful observation of the species of llhipidophora in a growing 
state will probably prove that several of them have been constituted upon 
insufficient grounds. It is to be feared, indeed, that characters taken from 
the comparative length and stoutness of tho sti])es, its simple and branched 
condition, and even tho shorter or longer foi*m of tho wcdgo-sluiped frustules 
in tho front view, are more or loss fallacious. We believe that fit l(;ast some 
of tho species are at first fnrnislied with a short, thick, simple stipes, bearing 
the associated fnistules at its apex, and that by tlie process of gi’owth the 
frustules become longer in proportion to their breadth, and lose their flabcl- 
lato arrangement by the subsequent elongation and dichotomous division of 
the stipes. 

RjiiPiDOPiTOiiA crgstallina (K.). — Dahnaticu — Flabollate in a 

Shortly stalJciMl, flabollato ; frustules radiating manner ; frustules oblong cu- 
shortly cunente, rather broad, obtuse fit neato ; stipes short, rather stout, at length 
the base. Kli. t. 0. f. 10. 6. German subramose, tubular. KB. t. 9. f. 7. 
Sea. 1-1200" to 1-1. ‘iOO" Europe. 1-540". Lateral view narrow- 

B. (E(1ipm(K.), — Very shortly stalked, clavato \vith very obscure strife, 
subtiabellate ; frustules "oblong cuneate, 11. ahhreviata (Ag., K.). — Subflabol- 
truiu*fit(i at the base; stipes hemisphe- late ; frustules broadly cuiu'ate with acuto 
ricsil. KB. t. 18. f. 5. 5, 7. Eiu’opc. base ; stipes rather thick, at length 
1-000" to 1-480". branched. KJ3. t. 9. f. 14 = Liernttphora 

11. Amjliea (K.). — Shortly stalked, ahhreviaUiy Ag. Europe. 1-540". “ Re- 
ilabdlate ; frustules turgid, cuneate with sembles 11. parmloxa, but is distinguished 
truncate bas(» and obtuse terminal angles; by its green colour when dried.” (Ag.) 
stipes rather long, simple, thick. KB. R. (Ijyngb., K.). — Frustules 

t. 27. f. 5. 2,4. Muropo. l-()00". short; broadly cuneate, somewhat acute 

R. AmlrnHfi (K.). — Flabi'llate; fnis- at the base; stipes slendiir, filiform, di- 
tules narrowly cuneate with truncate chotomous ; lateral view clavate. SBD. 
Viase ; stipes simple, thick. KB. t. 9. i. p. 84, pi. 25. f. 231 = Oomphonnna 
f. 5. Trieste. 1-540". 27(ir(i(hxtnn, 1-540" to 1-480". (vo- 

R. borealis (K.). — Flabellato ; friis- louring matter dull olive. The frustule, 
tides large, oblong cuneate with slightly especially in dried specimens, oftem has 
obtuse base ; stipes simple, rather stout, its angles so much rounded as to become 
KB. t. 9. f. 6. Ileligolaiid. 1-310". obovate, — a character, however, not 
R. Nuhemla (K.).— Frustules hyaline, peculiar to this species, (iv. 8.) 
broadly cuneate, somewhat acute at the R. tincta (Ag.). — Frustules clofigated, 
base, scattered, subsolitary or fasciculate, narrow cuneate, with somewhat acute 
lateral and tenninal ; stipes filiform, base; stipes elongated, subdichotomous, 
elongated, subramos(\ K!B. t. 8. f. 16. slender. = Gom. tinctum, A Consp 1). 
Europe, (xiii. 17.) 1-720" to 1-GOO". p. 35 ; R. dongata^ KB. t. 10. f. 0. 

R. tenella (K.). — Minute ; frustules 1-310". Colouring matter dull olive, 
small, broadly cuneate, conjoined in an According to Agardh, it differs from R. 
imperfectly nabcllate maiini*T, acute at paradoxa in its greener colour and longer 
the basij ; stipes slender, very finely and more shmder frustules. He also 
brmiched. KB. t. 11. f. 3. Europe, states that it resembles smaller states 
(xiii. 15.) 1-1080" to 1-9(50". TAcmophora Jlahdlafa, but is shorter 
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and more lax, and without roilinnt friis- 
tiiles. 

Jt. ocpftmra (K.). — Fnistules oblong 
cuneate, diiiise ; stipes elongated, slender, 
subdichotonioiis. KB. t. 10. f. 4. At- 
lantic. /y Habellate. 1-800". Internal 
matter fulvous. 

R. sitprrbu (K.). — ^Frustulea geminate 
or solitary, oblong cuneate, slightly acute 
at their base; stipes long, filiform, di- 
chotomous, secondary branches lateral, 
short. KB. t. 10. f. 7. Fuvope. 1-310". 
lilegant, slender, largo ; internal matter 
golden-yellow, globose, broadly distri- 
buted. 

R, (jrnmiis (K.). — Fnistules broadly 
cuiK'ate, large; stipes very long, iili- 
fovm, dichotomous. KB. 1. 11. f. 1. /3. 
amclnioidpa (K.). — Fl’ustules caducous, j 


mostly lateral. Venice. Rargo, its in- 
ternal matter gi’anular, globose, olive. 

j 1-120". 

I 11. Meneijhiniana — Largo; frus- 

■ tules geminate, oblong cuneate, with 
; rather broad apices ; stipes mueh 

■ gated, filiform, dichotomous. KB. t. 11. 

f. 2. V^mice. (xm. 19.) 1-288". In- 

tcu-nal matter scattered, globose, olive- 
brown. 

R. Craticula (Mont.). — Shortly stalked, 
subllabedlate, dilated at the base, cra- 
ticuliform ; fnist ules two to six, lanceo- 
late or oblong-lanceolate, with trumrate 
apex, and obtuse, scarcely attenuated 
basci. Montague, A d Sci Nat. 18/50, 
J). 808. Cayenne. 1-0/50" to 1-dGO". 
Stipes slender. 


(joniis LICMOmORA (A.). — Fnistules flabelliform, stipitato, in front 
view naiTow-cuneato, laterally clavatc ; stiiies thick, iiTOgularly^ branched. 
Licmo])hora is nearly identical with Kchinella of Klirimherg. “ Tire frus- 
tiilcs of the present genus differ in no essential respect from those of Rhi])i- 
dophora. They are, it is true, longer and narrower, and probably less finnly 
silicious ; but none of these circumstances seem to be of generic importani^c. 
Th(5 separation of the genera must therefore rest upon the fan -like aminge- 
ment of the fnistules uiion the summit of an iiicrassate and irregularly 
dichotomous pedicel which occurs in Liemophora.^’ (S I, c, vol. i. p. 85.) 

Meneghini, however, says that ^‘the resemblance of this to the preceding 
genus is only apparent. But a tnie affinity connects Liemophora to Synedra, 

from which it diffei’s only in its cuneate fnistules The vittic in 

Tiiemophora are not to be compared with those in Rhipidophora. They arc 
nothing more than the usual longitudinal canals projecting into the cavity, 
by which the apparent perforations or sections of their cavities appear very 
near the marf^n of the summit. The distribution of the internal colouri^d 
substanijc is different from that in the two preceding genera, and greatly 
resembles that of Syncdin*” (M 1. c. p. 464.) 


IjiCMOrnoiiA splendula (Orov.). — 
“Frustulcs nciarly linear, frequently at- 
tenuate and rounded at the upper extre- 
mity; in lahTal view attenuate towards 
the upp(*r end.” SB. i. p. 85, pi. 32. 
V2l\^.=L. Jlahellataj K. ; Echinellu sphn- 
didUf F. ICuropo. Differs from the next 
species by its longer and naiTower frus- 
tules, many of which aro scattered and 
lateral! 

lu.Jlahellata (Grev., Ag.). — Frus tules 
cuneate, truncate; in loteral view very 
n.arrow clavate. S. pi. 32. f. 233. =X. ra- 
dians, K. ; L. argentescensy Ag. ; EchincUa 
ftahellata, E. Common. (iv. 9. : x. 
‘191-193.) 

“ I have ^ven, in accordance with the 
authority of my predecessors, two species 
of this genus ; hut I am far from satisfied 
that they are truly distinct, and I am 


disposed to beliiive that a wider com- 
parison of specimens will necessitate 
their union.” (SB. i. p.85.) Being unable 
to detennine the synonyms of Agardh, 
Ehrenberg,andKutzing, we have thought 
it better to follow Professor Smith than 
to risk increasing the confusion Avhich 
exists. ^i'he Liemophora argentescenSy 
Ag., is remarkable for its silvery lustre 
wdien diied ; but we cannot detect any 
valid diagnostic difference. Both species 
are remarkable for the large andheau- 
tiful fan-like clusters of fnistules tenni- 
nating their branches; other fnistules 
are lateral and scattered. 

L. Mcneghiniana (K.). — Frustules 
slender, very long, linear cuneate, ter- 
minal ones radiant, lateral ones scat- 
tered stipes elongated, subdivided. 
KSA. p. 113. Adriatic Sea. Length 
3 D 2 
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of finstiile 1-84" to 1-72". The cliar^- 
ters f^iveii are insufficient to distinjjiiish 
this species from L. splenfJiflu. 

L. divisa (K.). — l^ustuhis elongate 
euneate, suhsolitary or geminate (not 


flabellatc), acute at the base; stipes 
short, weak, subdivided. KSA. p. 114. 
Adriatic Sea. (xin. 10.) Length of 
frustiilo 1-240" to 1-180". 


Genus CLIMACOSPHEOTA (Ehr.). — Frustulcs in front view enneato, 
with moniliforra longitudinal vittae, laterally obovatc -lanceolate, divided into 
chambers by transverse septa. Maiine. This genera resembles Podosphenia, 
except in having the peculiar transverse septa. “ The two (first) species 
contained in this genus have nothing in common excej)! the moniliform vitta?. 
Put in what these really consist we cannot ascertain from the ligures. In 
the first Kiitzing does not delineate the lateral surftices, and from the figure 
any one would say that he had drawn a Synedra. The second, again, 
resembles a Podosphenia.” (Meneg 1. e. p. 405.)^ 


CLiMAeosniENiA Australbi (K.). — 
Very shortly stalkcid, with smooth mar- 
gins. KB. t. 10. f. 8. On Algjc. Now 
Holland and Southern Africa. 

C. 7nomlif/cra (E.). — Frustulcs trans- 
versely striated on the margin; septa 
10 to' 11 in number. KB. t. 20. f. 80. 
Cuba, ^lexico. (xi. 45, 40.) 

0. eJomjata (B.). — Lateral view elon- 
gated clavate, flu.* intercostal spaces with 
obsolete transverse strim ; stipes long, 
branclied. BC. 1850, p. 8, pi. 1. f. 10, 
11. Florida. I’rofessor Baihjy relies 


on the elongated-clavatc fonn of th(j 
frustulcs and their excessively mimite 
striatioiis, to distinguish this species 
from those? previously described by Ehr- 
enberg and Kiitzing. 4'he stria? can be 
made out without much diiliculty near 
tin? edges ; but to trace them completely 
m*ross the middle regions of the valve 
requires excellent lenses and careful 
management of the light." (Bailey.) 
hVustules in fan-shape.d groups, narrow, 
liiiear-cunoato, with conspicuous moni- 
liform longitudinal vittee. 


Genus POBOCYSTIS (K. & Bail.)=:EUPIIYLLODIUM (Sh.).— Fnistules 
stipitate, euneate in front vicAV with obscure vitta) ; valves Avith transverse 
costa), moniliform strim, and longitudinal median line. Podocystis differs 
from Surirella not only in its stipitate fnistules, but in its moniliform striifi 
and absence of ala) ; and from lUiaphoncis by its euneate fnistules. We 
have placed it with the LiemophoresD because of its resemblance to Podo- 
sphenia, notwithstanding its obscure vittac and strong transverse costsc. 
Marine. • 


Podocystis Adt'iatim (K.). — Valves 
ovate, with 11 or 12 strire in 1-1200", 
stipes very short, =Sunrel/a (rodovi/stis) 
AdHatica, KB. p. 02, t. 7. f. 8 ; 1\ Arne- 
7'icanaj BMO. pi. 11. f. 38 ; SD. ii. p. 101 ; 


lEuphyllodhnn spathidntmn^ Shadb. MT. 
ii. p. 11, pi. 4. f. 4; l)oryphora‘^ eleyam, 
lloper, MJ . ii. p. 284. f.3. Europe, Alrica, 
and America, (iv. 10.) 


Genus SCEPTRON'ETS (E.). — ^Fnistules simple, affixed, euneate, com- 
pressed, styliform ; in the lat(*ral view with monilifonn transverse striae, 
interrupted by a median longitudinal suture. Marine. Sceptroneis has the 
habit of a nonconcatenatc Mcridion and of a Gomphonema without the 
central nodule of the lateral valves. 


ScEPTRONEis Caducetts (E.). — Frus- 
tules bacillar, long, slender, inflated at 
centre and upper end, and tapering below. 
BAJ. xlviii. pi. 4. f. 11. Fossil, Ame- 
rica ; recent, Scotland. The lateral view, 
the only one we have seen, is naiTow, 
somewhat clavate, constricted beneath 


the head, which is rounded at its apex. 
Transverse strioe with pear-like gra- 
nules. Length 1-92", exceeding the 
width about 18 times. Professor Gre- 
gory gathered a fragment of this species 
in Scotland, (iv. 11.) 
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FAMILY IV.— FllAGILARIEiK. 

Frustules straight, free, or affixed by one angle of the basal frustiiles, in 
front view linear, in lateral view compressed, and striated or smooth, with a 
central nodule ; striae or costae pervious. “ The membeila of this family are 
allied in the genus Denticula to Surirella and Navicula ; in the genera Odon- 
tidium and Fragilaria to Himantidium, Diadesmis, and the Meridiesc, and in 
Diatoma to Gramniatophora and Tabellaiia.” (Kiitzing.) “The character by 
which these genera airc collected together into one family is the conformity ot 
the two primary surfaces ; nor do I know how the genus Meridion is excluded 
even by the minutest cliaracters.” Kiitzing, indeed, “ cites the affinities with 
Himantidium among Eunotieae, with Diadesmis among the Naviculac, and 
with the various genera of StriatelleaB. The relation appears to us rather 
one of analogy than of affinity, being the polypariform association of many 
individuals.” (Meneghini.) Under Meridiem we state the reasons which 
induce us to dissent from Meneghini’s ojunion respecting the position of 
Meridion. The stria) and costm are usually continuous across the valve ; and, 
indeed, Kiitzing makes tlieir perviousness a distinctive character, separating 
the Fragilaiiea) from the Surirellca). Wo regard Meiidion as far more nearly 
allied to some genera belonging to the latter family than to the genera 
mentioned by Meneghini. 


Genus DENTICULA (K.). — Free, solitary, or binately conjoined, rarely 
more ; valves Avith pciTious costm, whicli appear in front view like marginal 
puncta. Fresh water. Denticula (lifters from Odontidium in not forming a 
filament, and also, according to Professor Smith, in having conspieuous striae, 
which are wanting or obscure in Odontidium, and from Fragilaria by its 


strongly marked costa), which Kiitzing 

Denticula tmuis (K.). — Front view 
linear with piuictated margin ; valves 
narrow lanceolato, with 10 or 11 trans- 
verse costa) in 1-1200". KD. p. 48, 1. 17. 
f.8. Europe. 1-1080". 

1). friyida (K.). — Front view linear, 
with finely striated margins; valves li- 
near lanceolate, with 11 or 12 eosUe in 
1-1200". K13. p. 48, 1. 17. f. 7. Europe. 
Smaller than 1). tmim. ^-1200". 

1). thermalis (K.)* — Front view oblong 
or trapezoid, with beautifully punctated 
niargins ; valves lanceolate, with 7 or 8 
costa) in 1-1200". KB. p, 48, 1. 17. f. G. 
Italy. 1-600". 

D. elryatis (K.). — Front view linear 
oblong, with obtuse angles and gland- 
like marginal puncta ; valves lanceolate, 
with 0 costa) in 1-1200". KB. p. 48, 
1. 17. f. 6. Gennany. (iii. 4.) 1-G(K)". 

D. obtiisa (K.). — Front view linear, 
with striated mtu’giiis ; valves lanceolate, 
with obtuse ends, and 11 eostm in 
1-1200". KB. p. 48, 1. 17. f. 14; SBD. 
i. p. 19, pi. 84. f. 292. Europe. 1-880". 

D. c?'aitsnla (Niigeli). — Front view 
oblong, with punctated niargins j valves 


regards as always pervious. 

elliptic, with 12 to 18 fine stria) in 
1-1200". Niig. in KSA. p. 889. = 
J). inJUita, SBD. ii. p. 20, pi. 84. f. 294. 
Europe. 

1). acuta (Rah.). — Front view mostly 
cuneate ; valves slender lanceolate, with 
0 or 7 costa) in 1-1200". Rab Dial, 
p. 88, 1. 1. f. 8. Persia, 

D. lauta (Bail.). — Front view linear, 
with gland-like marginal puncta; valves 
linear lanceolate, with obtuse ends and 
distant costa), which terminate in mar- 
ginal bead-like dots. BMO. p. 9, f. 1. 2. 
Fossil. Suisun Bay, California. 

D. occUata (S.). — Front view linear, 
truncate, with conspicuous foramina- 
like margimd puncta ; valves linear 
elliptic, with 10 costae in *001". SBD. 
ii. p. 20. St. Abb’s Head. The frus- 
tules in the front view closely resemble 
small specimens of Epithemia Arym, 
Tho extremities of the costio or canali- 
culi appear as circular foramina on tlie 
f. V., and the costa) on the side view 
also give an occllated appearance to 
the valve, S. 


Genus PLAGIOGRAMMA (Grev.) (Heteromphala, E.). — Frustulcs (|uu- 
drangular, united into a short fascia ; valves with two or more strong, pervious 
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transverse costoD, and moniliforra, generally interrupted stria). IMarine. 
Plagiogramma is a well-marked genus, identical, we believe, with Iletcrom- 
phala of Ehrcnbcrg. We have adopted the present name, notwithstanding 
the prior claim of Ehrenberg’s, because it is not only better defined, but the 
latter was founded upon imperfect knowledge, when the lateral view, which 
is so important, had not been observed. In the front ^iew the terminal 
puncta are very conspicuous and notch-like, so that the ends apiiear slightly 
three-lobed, and the termination of the costa) and striae are conspicuous along 
the lateral margins. The valves arc always furnished with two central 
transverse costa), and freciuently with others. In addition to the costm there 
arc moniliform striae, — the former pervious, the latter, except in one species, 
interrupted by a median line. We give Dr. Grcvillo’s arrangement of tlie 
species, but must express a doubt whether the number of costa) is not variable 


in the same species. 

* Vaircs with two centrical costec. 

Plagiogramma Grcfforuinum (Orev.). 
— Front view with slightly (ronvex mar- 
gins ; valves lanceolate oblong, obtuse ; 
costa; two; strife pervious, 18 in *001". 
Grev. M J. vii. p. 208, pi. 10. f. 1, 2. = 
Dcnticnhf stanrophora, Oreg Diat. of 
Clyde, p. 24, pi. 2. f. 37. Sc(»tland. 

1*. Jamaicensc (Grev.). — Front view 
with straight margins; strife continued 
almost to the angles, 1(3 in *001"; coslao 
two. Grev /. c. p. 208, pi. 10, f. 3. Ja- 
maica. The strife can scarcely bo teriiKul 
.strictly moniliform, but rfither luonili- 
forni co.stie. (irov'. 

1*. r' frs^rftaftnn (Grev.). — Vjilvos 
broadly Ifinccolate, obtuse; strife iiitia*- 
rnpted, composted of large siibcpiadvate 
granule.'^, 8 in -001"; costfe two. Grev 
1. c. p. 208, t. 10. f. 7. Californian guano. 

P. interrnptfun (Greg.). — Front view 
with slightly convex inargina ; costie 
two; .strife obsolete ? = inter- 

rapta, Greg Dint, of Clyde, p. 22, pi. 2. 
f. 30. Scotland. Sitle view unknown. 

2 * Valves with two centrical cosUe and 
one near each end. 

P. ornatmn ((frog.). — Front view with 
convex margins, constricted beneath the 
dilated ends ; costfe four ; strife oh.solete ? 
s=I)entietda ornata, Greg Diat. of Clyde, 
p. 22, pi, 2. f. 32. Scotland. Side view 
unknown. 

l\ pulchellum (Grev.). — Valve linear 
oblong; co.stfO four; strife robust, con- 
spiciion.sly moniliform, intcrruptexl, 11 
in *001". Grev 1. c. p. 209, pi. 10. f. 4-0. 
Cal ifoniian guano ; Jamaica; New Pro- 
vidence. 

P. bKcqnale (( ivev.). — Front view with 
Hlraight aide.s ; costa) four, the tonninal 
oiie.s in front view longer than the cen- 
trical, and indected at their apices ; strife 


monilifomi, 16 in *001". Grev /. c. p. 210, 

S I. 10. f. 10. .Tamtiica and New Provi- 
ence. Side view unknown. 

P. — Minute; valves 

narrow oblong ; costfe four ; strife inoiii- 
liform, interrupted, 21 in -OOP'. Grev 
l. c. p. 211, pi. 10. f. 11. Di.stingiiishod 
for its minute size, its shape, and the 
small number of stria), although re- 
latively closer. Grev. 

P. frmvV/iV (Ralfs). — Strife in front 
view broad, monilifonn, coslate, 8 or 9 
in *001"; co-stfo four; conm^cting zone 
with longitudiiml vows of dots. =zl\ orna- 
turn, Grev I c. p. 209, pi. 10. f. 9. Cfili- 
fomian guano. Side view unknown. 
The strife are very peculiar, broad, at 
first sight rc'sembling costfe. Grev. 

P. t'alidam (Grev.). — Valvt? linear, 
slightly dilated in the middle, rounded 
at the ends; costfe four; stria) inter- 
rupted, conspicuously moniliform, 12 in 
•001". Grev 1. v. p. 2()9, pi. 10. f. 8. Cali- 
fornian guano. Front view iiiikiiown. 

P. ohesuni /Grev.). — Minute vfilvos, 
broadly dilated at the middle and round(Hl 
at the ends; costa) four; stria; 11 in 
•001". Grew /. c. p. 211, pi. 10. f. 12, 13. 
New Providence;. 'Plie inflated appt'ar- 
fince of the valves and the small number 
of strife render this a well-uuirked spe- 
cies, Grev. 

P. Ipralum (Grev.). — Valvcjs con- 
stricted at the niiddk;, tlnm dilated and 
uaiTowly lyrifomi, linear, and rounded 
at the extremities; costa; four; strife 18 
in -001". Gri;v /. c. p. 21 1, pi. 10. f. 14. 
New Providence. 

3 * Valves with more than four costw. 

P. Californimm fOrev.). — Valves li- 
near, with rounded ends; cos(;e more 
than four; strife 18 in 001". (hev /. c. 
p. 211, pi. 10. f. 16-17. (,kilifornicin 
guano. 
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Vouhtful or knoim P*^ P^* Scotliiiid. 

Side YHiW unknown. 

^ ' V. HiitiantifUitm (P].). — Front view 

V. /rt»m (Grcf!;.). — P>ont view with cij^ht times as long as broad, with tlui 
slightly but shai’ply dilated ends and a rounded apices slightly 5-lobed, cos tie 
luinute prominence in the middle of each two ?, margin striated. = Hetct*07tq}hahi 
margin ; costie two P, strioe delicate, about Hhnaiitidkinif EllDA. 1868, p. 13. ./Egean 
48 in '(idV\ = I)enticula Icevis, Greg Diat. Sea. Side vieAV unknown. 

Genus ODONTIDIUM (K.). — Frustulcs united into a filament; lateral 
Anew linear elliptic or cruciform, with pervious costce. “ The Odontidia arc 
merely a filiform scries of Denticulae.” (Afencgh.) Like Denticula, this genus 
is distinguished from Fragilaria by its strongly-marked costae, which apijcar 
in tlie front view like marginal puncta. The filaments are usuiill}’ extremely 
fragile, and when broken up the fnistules scarcely differ from those of 
Denticula. Smith saj^s, It must he acknowledged that there is little to 
separate these genera ; and I should be dis 2 )osed to unite the tAVO, Avere there 
not in the general habit of the living frustulc characters Avhich enable the 

observer to assign them to their respective genera It may be left to 

future obseiwors to consider Avhether tlicy may not without incon\"cnicnco bo 
united.” 

OooNTiDiUM inesoihn (K.). — Has O. Boffotnninn — Very small ; 

shorter and subquadrate fnistules, Avith valves oblong, with rounded ends, and 
from two to four transverse costie. The from 2 to 4 very broad transviu’so costaj. 
last character, howciver, is so inconstant llab Diat. p. 34, t. 2. f. 8. Bogota. A})- 
that, although Professor Smith adopted 2 )arently a state of O. hytmah, 
it in his (hilinition, almost every Irustule O. cajiitafum (Rah.). — Iteur to six 
in Ijis figure's lias a greater number. O. times as long as broad ; valves lanceo- 
(/Inciah often has trapezoid fnistules and late, constricted beneath the capitate 
6 or (i costie, Avhilst O. ttuujiduhnn is in- apices; costie G or 7 in 1-1200". Rab 
terniediate betAveeii those forms and the Diat. p. 34, t. 10. f. 17. = 0. vhmnoci^pha- 
nonnal fnistules in length and number /wwi, llab J). p. .34, t. 10. f. 10; Fratji-- 
of costie. lan'a? capdata, FB. 186.3, 627; Microg. 

O. hj/c7n(d(i (T.yngb., K.). — Front vicAv ])1. .36 a. 12. f. 2 ; F.? Uptoctphala, lil /. c. 
with bi'iid-like miirgiiial puiuda; valves p. 627; JMicrog. pi. 35 a. 12. f. 3. Phirope, 
elliptic-oblong or elliptic-lanceolate, ob- Ikjrsia, and America, 
tuse, with conspicuous costie. KB. p.44, O. iwdulomrn (E., K.). — Frustules 
t. 17. f. 4; SBL). 2>1. .34. f. 280; Fratji- nan-ow linear, twelve times as long as 
laria hi/anudisf Byngb. t, G3 ; F. con- broad; valvtis narrow linear, nodulose, 
ferroideSf GBF. ii. p. 40.3; F struitOy eonstrictiid Ixiiieath the capitate ends; 
J^A. }). 127; Odoniidhnn turr/ididmny KB. striie 18 in 1-200". KSA. p. 1.3. = Fra- 
t. 17. f. 2 ; F. titrf/idulum, I'i Inf. ; Odon- fjilaria nodulosu, EB. 1844, p. 207. Kur- 
tidium ffkicitdcy KB.; O. nivsodoti, KB. distan. 

t. 17. f. .3; SBD. ii. p. 10. Common. O.pmnu/wm (E.,K.). — FrustiJes three 
Europe, Asia, Australia, and America, to six times longer than broad; valves 
(xiii. 24, 26.) OdontkUiun hyenude is with rounded, not attenuated, ends, 
easily distinguished from other lilanien- and 26 strong striie in 1-1200". KSA. 
tons Diatoms by its exceeding fragility, p. 13. = Frayilurid pintuday EB. 1844, 
minqte termiiial puncta, gland-like mar- p. 202 ; Microg. t. 35 a. 22. f. 8. Aiit- 
glnal ones, and the conspicuous costce of arctic Sea. 

the A-ah'es. The frustulcs vaiy much O. fninimum (Niig.). — Very small; 

, in length nnd in the number of their valves trapezoid, with acute apices and 
costaj ; and scA'cral species liaA’c, Ave be- very faint, nearly obsolete transverse 
lieve, eiToneously bem constituted upon stiiuj ; front view quadrate, with niargi- 
these characters. We do not liesi late nal puncta. KSA. p. 880. = O. 
to unite them, confirmed in our opinion ycnscy Rah D. p. .38, t. 2. f. 7. Europe, 
by the doubts expressed resjujctiiig O. i'otnndatum ( E., K. ). — Fnistules 
their distinctness by the late I’rofessor often nine times as long as broad ; 
Smith. ! valves lineiu*, Avilh roimdi'd ends, and 
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20 stout costso ill 1-1200". KSA. p. 13. 
= FragUaria rotiindatay EB. 1844, p. 202 j 
EM. pi. 1. 1. f. 1. Fossil. Philippine 
Islands. 

O. pimmtnm (E., K.). — Frustules three 
to six times as long as broad; valves 
linear, with rounded ends, and 15 stout 
costoD in 1-1200”. KSA. p. 13. = F-m- 
gilaria pinnata, EA. p. 127 ; IMicrog. 
many figures. Australia, Africa, and 
America. Akin to O. striatum and O. 
Syriacum, E. 

O. s</7o/f/^//7«(E.,K.). — Frustules three 
to six times as long as broad; valves 
linear, coiistricted bent?ath the obtuse^ 
capitate ends; striae about 18 in 1-12(K)”. 
KSA. p. 13. = Fragilaria striolatUy bjM. 
t. 28. f. 68. Europe and Australia. Ehr- 
enberg’s figures in the ^ Microgeologie’ 
have the cuds sliglitly attenuated, and 
not capitate. 

O. Syriamm (E., K.). — Fmstules eight 
times as long as broad ; valves with 10 
strife in 1-1200”. KSA. p. 13. = Fra^ 
giiaria Syriacoj EB. 1840, p. lO. Syria. 

(). ? polyedrion (10. K.). — Frustules 
oblong, aligidar (sexangiilar ?) ; three 
times as long as broad ; strife very 
fine. KSA. p. 14. = Fragilaria polyedra^ 
EB. 1845, p. 77. Fossil. America. 
1-900”. 

O. amphicoros (E., K.). — Valves turgid 
at the middle, with elongated, linear, 
truncate ends and pi'rvious stiifc. KSA. 
p. 13. = Fragilaria anqyhicerosy EB. 


1^4, p. 82; Microg. t. 18. f. 77. Vir- 
ginia. 

O. granulatum (E., K.). — With the 
habit of O. amphicerosy but smaller; 
valves with attenuated ends and granu- 
lated fasciae in striai. KSA. p. 13. == 
Fragilaria granulatUy EB. 1844, p. 202. 
Antai’ctic Sea. 

O.? 67fmj?(E.,K.). — FiMistules striated, 
short, gibbous at the middle, constricted 
at the obtuse ends, and resembling the 
figure of an acorn with its ctdyx ; striae 
2 or 3 in 1-1200”. KSA. p. 14.=F’m- 
qiUiria Glans^ E Inf. p. 185. Fossil. 
Finland. 1- 1 150” to 1-570”. 

O. anomahim (S. ). — Filament tena- 
cious ; valves linear, suddenly constricted 
towards the rounded extremities ; costm 
four to twelve. SBl). ii. p. 10, pi. 61. 
f. 370. Alpine situations. Europe. Front 
view with punctate or denticulate mar- 
gins. Intf'riifil c(‘lls, similar to those nitst 
with in Moridion and llimantidium, are 
frequent in this species. 

(5. ancips (E.). — Small; valves linear- 
oblong, constricted bt‘n(?ath the subcapi- 
tate apices. = Fragilaria atweps, EA. 
p. 127 ; F, IHeridiimiy EM. pi. 34. 5 B. 
f. 10? North America. 

O. Crvtoi = Fragilaria CretcBy EM. 
pi. 53. 17. 1’. 9 ; F.paradoxUy EM. pi. 33. 
16. f. 13 P Australia, Europe, find Africa. 
ValA'es linear-oblong, with rounded ends 
and pervious triinsverse costae. 


Genus FBAGTTAIIIA (Lyngb., K.). — Frustules linear, united into a fila- 
ment ; lateral valves smooth or faintly striated, lineju’-lanceolatc or fusiform. 
Fragilaria differs from Odontidium in tho absence of costa) ; and the stria), 
which are probably present in all the species, are so obscure that Kiitzing 
makes their absence one of the generic characters. Iliadesmis may be distin- 
guished from Fragilaria by tho presence of a central nodule in the lateral 
valves. Professor Smith justly regrets that in the subdivision of Fragilaria 
sufficient regard has not been paid to the significalion of tho generic name. 
We consider that it would have been far better to have retained the name 
for Fragilaria hyemalis, Lyngb. (= Odontidium, K.), so remarkable for its 
fragility. 


Fbagilakia capucina (Desm.). — Front 
view narrow linear, with obsolete or ob- 
scure terminal puncta; valves lanceolate ; 
striae obscure. KB. p. 46, 1. 10. f. 3. = 
F, pectinalisy Lyngb. t. 03 ; Ag Consp 
Diat. p. 62 ; F, tenuisy Ag Consp Diat. 
p. 03 ; F. Rhohdosomay diopMhalmay mtd- 
tipunctata, hipunctatay angmtay scalarisy 
and Jisstty E Inf. F, sepesy EM. t. 38. 1. 
f. 8. Common, but generally in small 
quantities and mixed with other Diatoms. 
Europe, Asia, Australia, Africa, and 


America, (ix. 173, 174.) A very vari- 
able spc'cies. 74ie frustules are so much 
compressed that it is difficult to obtain 
a good view of the valves ; but it may 
usually be recognized in the front view- 
by its obsolete terminal puncta. When 
dried, it has a silvery lustre. Filaments 
elongated. 

F. acuta (E.). -— Valves linear, with 
acutely cuneate apicevs ; stria) wanting or 
obscure ; front view linear. E Meteorp. 
1. 2. f. 10; Microg. many figures. = E crt- 
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pucinay SBD. pi. 36. f. 296. Europe, 
Asia, Africa, and America. 1-1162" j 
six times longer than broad. 

F. corrugata (K.). — Minute^; frustules 
geminate, comigated at each end ; valves 
acutely lanceolate. KB. p. 46, 1. 16. f. 6. 
Germany. 1-1440". 

F. ptisiUa (K.). — Glassy ; frustules 
rectangular, quadrate, or linear, united 
in very short fascite ; valves narrow 
linear, smooth. KSA. p. 14. Marine. 
France. 

F. Bacillum (E.). — Valves smooth, 
linear with rounded ends, live or six 
times as long as brojid. EH. 1814 \ 
Microg. pi. 21. f. 30 & pi. 36. 1(J. f. 11. 
Fossil. Oran and Virginia. 1-720". 

Y^glahra (1^^.). — Linear, smooth, Avith 
attenuated obtuse aipices. EA. p. 127. 
Guiana. May be a variety of F, bi- 
ceps^ E. 

F. Catena (E.). — Twice as long as 
broad ; valves oblong, smooth. EB. 
1840, p. 10. = F. tiirgenSy EM. several 
lignres? Europe, Africa, and Mexico. 
1-1162". 

F. rirescens (Balfs). — Valves turgid 
lanceolate, suddenly contracted towards 
the obtuse ends; sirite 44 in *001", very 
faint, llalfs, Ann. xii. ; SBD. ii. p. 22, 

5 1. 36. f. 2^7 , = Diatoma vireacem, IIBA. 

pcctinalisy^. Streams. Europe. Fila- 
ments elongated, lurid-green; frustules 
rather broad, with distinct t(?rminal 
pniicta, frequently irregularly adhering 
by their angles like a Diatom. Easily 
recognized by its greenish hue when 
growing. 

F. Vented' (E]M. se.veral figures). — 
Minute; valves smooth, twice as long 
as broad, oblong lanceolate, with con- 
tracted, produced, obtuse en’&s. 

F. mesotyla (E.). — Bacillar with tur- 
gid centre, obtuse ends, and transve^rse 
granular strise. Asia. 1-480". llesembles 
Stauroneis gramdatay but wants the lon- 
gitudinal band and (rrucinl umbilicus, E. 

F. loivis (E.). — liesembles Oclontidium 
amphian-osy but is without the dotted 
striae. EA. p. 127. Virginia. 

F. biceps (E.). — Valves linear oblong, 
suddeifly constricted at the ends into 
minute beaks ; striae wanting or obscure. 
EA. p. 127 ; Microg. several figures. 


=-F. gihhtty EM. pi. 33. 17. f. 9? Ame- 
rica and Europe. 

F. binodis (E.). — Parasitic, mostly 
simple ; valves rostrate, sometimes con- 
stricted, sometimes inflated at the middle; 
stiiaD wanting or obscure. EA. p. 127 ; 
Microg. pi. 6. 2. f. Odontidium ? pa- 
rasiticumy SBD. ii. p. 19, pi. GO. f. 376. 
Europe and America. /3 inflated, with- 
out a central constriction. S L c. p. 376. 
Frustides rarely cohering, and scjorcely 
silicious. S. 

F. const ricta (E.). — Frustules fre- 
quently colnu-ing by their angles ; valves 
rostrate, subacute, in general slightly 
constricted, sometimes miiated at the 
middle; striae faint, 42 in 001". EA. 
p. 127 ; Microg. several figures. = F. 
tmdutuy SBD. ii. p. 24, pi. 60. f. 377. 
Py valves turgid at the middle, S. Eu- 
rope, Asia, Australia, and America. 

F. Entomon (h'.). — Valves elongated, 
smooth, strongly constricted at the 
middle, with rostrate ends. EA. p. 127 ; 
Mi(;rog. pi. 6. 3. f. 62. North America. 

F. binalisy EM. pi. 14. f. 62. Germany 
and Mauri tins. Valves smooth, con- 
stricted at the middle, and rounded at 
the ends. 

Doubtful and undescrlbed Species from 
E/irenberg, 

F.P Tessellay EM. pi. 20. 2. f. 29. 
Broadly and sharply lanceolate without 
mai'kings. 

F. ? Sgnedray EM. pi. 39. 3. f. (K), 61. 
Frustules united, curA ed ; venter gibbous 
at centre. 

F. ? Mcsogonggki, EB. 1866, p. 333, 
f. 48. Africa. Valves with minute in- 
flated middle, and slender acute rostrate 
ends. 

F. oxyrhambmy EB. 1866, p. 333, 
f. 44, Africa ; F. TracheUy Australia ; F, 
seminuduy fossil, Georgia ; F'. ventralisy 
Anatolia ; F, Himalayccy India ; F, ? 
Stylusy /Egiiia ; F, P Siylidimny ^Egina ; 
F. ? undulatnmy Asia ; F. Cmx, Asia ; 
F, TteniUy Africa ; F. amphiUptOy ^Vfrica ; 
F. Lamella^ Australia; F. amphiciphalay 
Asia; F, rentricosay Africa; F. frits- 
tuliuy America; F. Eunotiay Africa; F. 
tliermaliSy America; F. amtralisy Ame- 
rica; F. Ponwrooniy America. 


Genus GBAMMONEMA (Ag.). — Frustules similar to those of Fragilariu , 
but scarcely silicious, and united into flexible, highly mucous filaments. 
“ Grammoncma in appearance comes very near to Fragilaria ; but its habit is 
.so very diflbront that I am inclined, Avith Agardh, to keep them distinct. In 
Fragilaria the filaments do not adhere well to paper, the frustules are siliciou.s 
and may be subjected to a red heat writhout any other alteration than the 
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destruction of tho colouring matter, and at each end are two, more or less 

distinct, pellucid piincta In Grammoncma there is scarcely any silica, 

and tho filaments are not fragile, but higlily mucous, adhering firmly to pajicr 
or glass, and when dried appearing like a mere stain ; tho application of nitric 
acid or of a red heat destroys their foim, and I can perceive no puncta at the 
ends of the frustulcs.” Kalfs, Ehrenberg, and Kiitzing place this genus with 
the Pesmidiea) because of tho absence of silica ; and Meneghini says, “ I think 
this conclusion right. It is a true Desmidiean, for it has no silicious shield ; 
and it is to bo observed that, however perfectly it may resemble the Eragi- 
lariea} in form, it wants the longitudinal canals and terminal perforations of 
the primary surfaces.’^ 


GnA^kiMONEMA Jiirgensil (Ag.). — 
Valves oblong lanceolate, sliglitly con- 
stricted at the obtuse ends. Ag CD. 
p. 6;i. =FragiIana JurgenMi, KSl). p. 5i); 
Conferva striatidaf Jurg. ; Fragiktria 
slriatnkiy Tjvngb Ilyd Dan. p. 183, t. 63 ; 
SBD. ii. pf. 23. f."298; Grammatonema 
striatulmn, K8A. p. 187; Arthrodesmus 
striaUilus, EllBA. 1840; Frayilaria au- 


reuy Caerm. in Hook B FI. ii. p. 403. 
/3. diatomoideSy fibunents turning greenish 
when dried, = Fragilaria diatonundeSf 
Grev., Hook B FI. p. 403. On marine 
Algjo. Spring, Europe, (xv. 24, 26.) 
Grammonema Jurgensii is easily distin- 
guished from every species of Fragilaria 
by its m.^rine habitat and tlexible, highly 
mucous filaments. 


Genus DIATOM A (Dec.). — Frustulcs quadrangular, partially separating, 
and cohering by the angles (generally by the alternate ones^ into a zigzag 
chain. Diatoraa is distinguished from Fragilaria and Odontidium by the con- 
nexion of tho frustulcs at their angles in a zigzag chain. Some species of 
Fragilaria, indeed, have a few frustiiles similarly adhering ; but this is a con- 
stant character in Diatoma, whilst the greater number of their frustulcs will 
present the usual appearance of a Fragilaria. Meneghini says, For my part, 
I think it would bo much more natoal to x>laco the smooth species (D. 
tlnale, D. and D, hyalinuni) in Fragilaria ; those striated with elliptic- 

lanceolate surfaces (D. viilgare, D, mesodon, D. tenuey and D, mesoleptimi) in 
Odontidium. There would remain as distinctly generic the species which 
have capitate extremities on their lateral surfaces. These unions would be 
justified on both sides ; for whilst tho Odontidia have forms little different 
from Diatoma, Diatomata arc little different from Fragilaria.’’ 


* Strive ohsohte. 

Diatoma hgfdimnn (K.). — Frustulcs 
eloijgatcd, very hyaline; valves linear 
lanceolate, with rather obtuse apices ; 
strife obsolete. KB. p. 47, t. 17. 1*. 20; 
SBD. ii. pi. 41. f. 312. Marine. Europe. 
(iv.lO.) 

D. minimum (Ilalfs). — Frustulcs mi- 
nute, very hyaline; valves about twice 
as long as broad, oblong with rounded 
ends ; strife obsolete, llalfs, T Bot Soc. 
2nd (*d. p. 20; SBD. ii. p.41, pi. 41. f. 313. 
= D. vitreuniy K 1 1. p. 47. Marine. Europe. 

1). pcctinak (Nitz., K.). — Frustules at 
first forming a fascia, aftci*ward8 zigzag ; 
valves acutely lanceolate ; strife obsolete. 
IvB. p. 47, t. 17. f. \\. = bacillaria pecti- 
nalia, Nitz ; Ji. svriata, IHohmioii, floccu- 
fosa, E Inf. Fresh water. Egypt, Eu- 
rope, England. 


0 - 

I 2 * tS*t7'iai (cosiai) evident, 

I D. vidgare (Bory). — Valves spindle- 
j shaped, suddenly contracted at the ob- 
tuse ends ; costfe pervious, conspicuous, 
about 18 in 001". KB. 1. 17. f. 16; SBD. 
p. 30, pi. 40. f. 30t) ; Ikicillaria vidgarwy 
IC Inf. p. 197 ; THatoma tvnue, Grev., 
IIBFl. p. 400; 1), JlucenloHumy AgCD. 
p. 6.3. Europe, Asia, AtVica, and Ame- 
rica. Fnistules three or four times*as long 
ns broad. This species is distinguished 
by the grcjater breadth and convt?xity of 
its frustulcs, and by the conspicuous 
marginal puncta of tho front view, 
(rv. l3; IX. 108.) 

D. mesodo7i (K.). — Valves ventricose 
lunccolfite, with three to five transvm-st*. 
strife at tho middlii. KB. p. 47, 1. 17. 
f. 13. fi. ntnentmUj frustides cimeate. 
KB. t. 17. f. 12, = liacilkiria cunetdiiy E 
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Inf. t. 15. f. 6 ; IHatoma cuneatum, Rab 
I), t. 2. f. 4. Gorniany. (ix. 170.) Pro- 
bably a state of D. viiUjare, 

D. tmue (Ag.). — Valves lanceolate^ 
with from 0 to 12 distiiic,t striro in 
1-1200". Ag CD. p. 52 ; KH. p. 48, t. 9. 
f. Baci&iria pectlnahs^ K Inf. p. 198, 
t. 15. f. 4. Europe and Asia. A protean 
species j the fiiistules are sometimes qua- 
drate, sometiim^s linear, and sometimes 
curioate. 

1 ). memhptum{K.'), — Friistules slightly 
att(jnuated at the middle ; valves lanceo- 
late, with from 10 to 12 striie in 1-1200". 
KB. p. 48, 1. 17. f. IG. Europe. 1-G50". 
We fear it is scarcely distinct from D, 
tenne. 

D. BJtrmherfjii (K.). — Front view at- 
tenuated at the middle; valve.s linear 
lanceolate, contracted benc^ath the sub- 
capitate apices; costm 11 in 1-1200". 


KB. p.48, 1. 17. f. 17 ; SA. 1857, xix. n. 10, 
pi. 1. f. IG. = BavilUu'ia eUmifoita, E luF, 
p. 198, t. 15. f. 5. Europe! (ix. li>9.) 
The iufiation in the centi*e of tlie valve 
separates this species from D, f/rande, 
which is moreover a larger form with 
coarser striie, S. (iv. 15.) 

D. grande (S.). — Valve linear, con- 
stricted beneath the capitate apices ; 
(fostm 24 in Wl". SBJ). li. p. 39, pi. 40. 
f. ^\0,=Bacillana australinj EM. pi. 35. 
\ 2. f. 3. Britain, Africa, and South 
America. 

elonyatiim (Ag.). — Valves linear, 
with intlated, capitate apices ; costm 7 in 
1-1200". KB. p. 18, t. 17. f. 18; SBD. 
ii. p. 40, pi. 40. f. Diatoma graciU 
Umimiy Niig., KSA. p. 880. Europe. 
Front view slender, attenuated at tlio 
middle, (iv. 14; ix. 119.) 


Genus ASTERIONELLA (Ilass.). — Frustulcs linear, inflated towards 
one or both extremities ; adhering by their adjacent angles into a star-like 
filament” (SBD. ii. p. 81). The frustules in this geniLS exactly resemble 
those of the capitate species of Diatoma, but are few in number ; and being 
coiino(!ted by the adjacent angles, the free extremities diverge in a stellate 
manner. We first observed a single specimen amongst some freshwater Alga) 
gathered near Dublin by Mr. D. Moore, and afterwards obtained it plentifully 
for two successive years in a pool near Dolgelly, when we considered it a 
species of Diatoma nearly allied to 7). Umw, Subsequently wo received a 
larger form from Professor Dickie, gathered near Aberdeen. The Scottish 
form had the free end truncated, and is probably the one described by 
Professor Smith as A, Jidlfsli, 

Astkiuonklla formom (Haas.). — j A , Balfsii (S.). — Frustules in fi’ont 
Front view somuwliat moj-o oularged at view exactly linear; valve, attenuated at 
till* base tliaii at the summit. -0024" to one end, constricted towards the other, 
*0031". SBD. ii. p. 81. Fresh water, which is rounded and capitate; stria) 
Britain, (iv. 17.) • I obscure. SBD. ii. p. 81. = 7>i«^o?n/i s^e/- 

A. Blea/celet/n (S.). — IVustules linear, ; hire, BO. p. 39. Fresh water. Europe 
cMilarged at tlio base. ■0022". SBD. ii. j and America, (iv. 18.) 
p. 82. Marine. England. 


Genus NITZSCHIA (Hass., Smith). — “ Fmstules free, elongated, com- 
pressed ; valves linear, keeled, with one or more longitudinal lini^s of puncta ; 
keel frocpiently eccentric. . . . This genus embraces a large number of si^ccics, 
differing in form and size, but all agreeing in a few general characters. Tlio 
most important of these is the keeled form of the valves and the remarkable 
iiieciuality, in many of tluj species, between the portions of the valve l>dng on 
either side of this prominency. This inequality (or, in other Avords, this 
cecentricity ) of the keel distinguishes Kitzschia from Ainphiprora, in which the 
keel is also present ; while the presence of a keel and its accompanying line 
or lines of puncta, together with the absence of any form of stipes, separate 
the present from the genus Synedra.” Professor Smith, whose generic cha- 
racter and reinai’ks we have quoted, has brought together forms from several 
genera, and thus lias not only pointed out the remaikablo character which is 
common to them all, but also j*clievcd those genera of membei’s which ill 



780 


SYSTEMATIC HISXOKY OF THE INFUSORIA. 


agreed 'wdth their definitions. It is, however, probable that his ehai'acters 
may rather belong to a family than to a single genus, his sections forming 
genera. The sigmoid forms were placed by Ehrenberg in Navicula, and by 
Kutzing, in his earlier work (Kiesel, BaciL), in Synedra. Subsequently, how- 
ever, in his ‘ Species Algarum,’ Kutzing removed them from Synedra^ and, under 
his old name of SigmateUa, placed them with the EragilariesB because they are 
not affixed and have pervious transverse striae. 


♦ Minute : front view strait ; valves ar~ 

cuate icitli a rotv of dots on the ventral 

margin, 

Nitzschia amphioxgs (E.). — Valve 
linear lanceolate, arcuate, with convex 
dorsum, concave venter, and attenuated, | 
subrostrate, acute apices; striie .‘JO in | 
•001", terminating in dots at the ventral | 
margin. SBD. i. p. 40, pi. 13. f. 105. 
z^Eunotia amphioxys, EA. p. 125. Fresh 
water, very common. Ehrenberg gives 
upwards of 200 habitats in Europe, Asia, 
Australia, Africa, and America. 

N. vivax (S.). — Valve linear lan- 
ceolate, arcuate, with rostrate apices ; 
strim distinct, 30 in *001", terminat- 
ing in marginal dots. SBD. i. p. 41, 
pi. 31. f. 267. Fresh or brackish water. 
England. 

N. parvuh (S.). — ^Valve with central 
constriction, oDscure puncta, and pro- 
duced apices ; striao faint, 70 in *001". 
SBD. i. p. 41, pi. 13. f. 100. Marine. 
Sussex. 

N. minutissima (S.). — Valve linear, 
with distinct puncta and prominent 
acute apices ; striae obscure, 72 in *001". 
SBU. 1 . n. 41, pi. 13. f. 107. Fresh 
water. Beachy llead. 

N./>ww«(E.). — Valve linear, arcuate, 
with convex doi'sum, concave venter, and 
reduced .slightly retle.xed apices ; strias 
3 in 1-1200", terminating in dots on 
the ventral margin. = Eunotia Diance, 
EUBA. 1840, p. 14; Microg. pi. 35 a. 
2, f. 9. Fresh water. Europe, Asia, 
Africa, and America. 

N. amphiUpta (E.). — Valve linear, 
arcuate, with convex, smooth dorsum, 
slightly concave, striated > cntral margin, 
and acute, gradually attenuated, slightly 
reflexed apices. = Eunotia amphilepta^ 
ERBA. 1845, p. 303 ; Microg. pi. 34. 8. 
f. 4. Japan and China. 

N. viryata (Roper). — Valve linear 
lanceolate, slightly arcuate, with pro- 
duced, sliglitly recurved, obtuse apices ; 
atriaj distinct, 26 in -001", dilated at in- 
tervals into ridges on the ventral margin. 
Roller JMS. vi. p. 23, nl. 3. f. (5. Ma- 
rine. Tenby. Dillers from N. arnphi- 
oxys and N. vivax by Ihe strije Iniiig 


dilated into bands instead of terminating 
in puncta, Roper. 

2 ♦ Frustulcs constricted at the middle, 

N. constricta (K.). — Front view ob- 
long, slightly constricted at the middle 
and tapering towards the somewhat 
truncate ends ; keel very eccentric ; stria) 
obscure, 00 in *001' '. = Synedra con- 
strictUf KB. p. 04, t. 3. f. 70 ; Nitzschia 
dubia, SBl). i. p. 41, f. 112. Marine. 
Europe. 

N. Entomon (E.). — Elongate, thick, 
striate, oblong with constricted middle 
and obtusedy cun cate ends. = Synedra 
Entomon y ENI. pi. 34. 2. f. 5. Europe, 
A.sia, Australia, Africa, and America. 

N. plana (8.). — Front view linear 
lanceolate, with .attemiahid middle and 
acutely cuniaite ends ; valvt.‘S acutely 
linear lanceolate, wdth a single row of 
puncta and 50 obscure striu) in *001. 
SBD. i. p. 42, pi. 15. f. 114. Brackisli 
w’ater. Europe. 

N. liriyhtwellii (Kitton). — Valves 
broad linear-oblong, with obtuse, shortly 
attenuated ends, slightly constrictcul 
middle and interrupteefly striate margin ; 
surface under a low power granular, 
under a high()r, punctato-striato ; strim 
transverse, 25 to 30 in *001". Brackish 
w'ater. Sierra Leone. Kitton in lit, 
(viii. 7.) ‘ 

N. latestnata (Breb.). — Front view 
large, broad linear-oblong, with a central 
constriction and broadly rounded endM ; 
valves naiTow lanceolate, with a central 
keel, double row of pun(;ta and 50 di- 
stinct strim ill •001". = ..l/wji?/n}n*o/vz late- 
striata, Breb. in KSA. p. 93; Nitzschia 
hilohata, SBD. i. p. 42, pi. 15. f. 113. 
Marine. Europe. 

N. panduriformis (Greg.). Broad 
linear-oblong, with constricted middle, 
acuminate ends, and punctuated mar- 
gins ; striffi fine, about 48 in *001", trans- 
verse and oblique. GDC. p. 57, pi. (5. 
f. 102. Marine. Scotland, 'fhere is a 
faint indication of a double keel in tlie 
middle of the valve. The striation is 
I similar to that of Tryhlionella constricta ; 
but the, ]>re.siMit form is larger, and di- 
stinguished by marginal puncta ; still it 
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resoinblea a Trvblionella about aa much 
as it does a Nitzschia, Orejj. 

3 * Front viexo sirpnoid (Si^natella, 
Kiitz.). 

N. mtjmoitha (Nitzsch, S.). — Front 
A'iow elongated; broadly linear, signioid 
with triincato ends and marginal puncta ; 
valves narrow linear-lanceolate, with 
tapering ends and a single longitudinal 
seiiea of pun eta ; stria? 85 in *001''. SBD. 
i. J3. 38, pi. 13. f. \0^,=Nariciila si//- 
moulra, jA. t. 13. f. 15; St/nrdra stg- 
7noi(ha, KB. p. C7 ; Siijmatclla Nitzschia ^ 
IvwSA. p. 18 ; Nitzschia elontjaia^ llassall, 
B Alg. p. 435. Fresh water. Europe, 
(ix. 148.) Large, with elegantly punc- 
tate margins. The stria? in tliis Diatom 
are sometimes strong and easily seen, 
while others in the same slide set at 
dtiHaiiec? every method of illiiniination to 
bring them out. Mr. Sollitt, of Hull, 
says, “ Tlui striie vary from 65 in the 
•001" up to a degree of fineness which 
no lenses that wo now Inive 'will show." 

N. lirchissonii (Kiitz., S. ). — Front view 
broadly liiu'ar, sigmoid with truncate 
ends and marginal puncta ; valves linear, 
with attenuatcid, obtuse apiecis ; stri:e 27 
in -001". SBD. i. p. 38, pi. 31. f. 266. 
= Si/nedra Armoriemia^ KB. t. 4. f. 34 ; 
SigmateUa Jirchmomi, KSA. p, 18. 
France, England. Kesembles N, sty^ 
7noi(lea, but is much broader in propor- 
tion to its length, the puncta are more 
conspicuous, and the lateral view is more 
linear. According to Professor Arnott, 
this species is not the Siymatvlla Br6- 
hissotiii of Kiitzing, the latter being a 
mere variety of N. sif/moidea, whilst 
Smith’s species is distinct and a brackish- 
water species. 

N. inadlvnta (Greg.). — Front view 
elongated, linear, sigmoid, truncate ; 
c alves liiKiar lanceolate, -with acute api- 
ces ; keel with a single row of subremote 
puncta ; striae very obscure. Grev M J. 
vii. p. 83, pi. 6. f. 8, 9. Marine. Scot- 
land. Allied to N sigmoideaj but de- 
cidedly less sigmoid. The side view 
very narrow ; puncta separated from each 
other by irregular intervals, and fewer 
(8 in -OOl") than in N mymoidea^ Gre- 
ville. 

*N. Sig 7 na (K., S.). — Front view sig- 
moid, linear lanceolate, gradually taper- 
ing to the truncated apices; keel of valves 
with a double row of puncta. SBD. i. 
p. 39, pi. 13. f. 108. = Sgnedra Sig7tiaj KB. 
p. (57, t. 30. f. 14. Marine. Europe. 
Striie 56 in *001", S. (iv. 20.) 

N . Sigxnotclla (Gi*eg.). — Front view sig- 


moid, linear lanceolate, gradually taper- 
ing to the obtuse apices ; valves linear, 
acute, -with obscure strito. Greg MJ. iii. 
p. 4, f. 2. = N cxirvula, SBD. ii. p. 39. 
rVesh water. Europe. Distinguished 
from N. Sirpnn by its far more delicate 
striro and freshwater habitat. I’rofessor 
Kiitzing describes the Navieula cm'vtda 
as straight in the front and sigmoid in 
the lateral view ; it is therefore probably 
a Pleiirosigma, and not this species, as 
suppostul by Smith. 

N. ver7nicidaf'is (K.). — Front view sig- 
moid, slender, linear or slightly dilated 
at the middle ; striae obscure. = Sgxiedra 
vex'tmcnlariSf KB. t. 4, f. 35 ; SigmaUdla 
t'crmiculariSf KSA. p. 18. Fresh Avater. 
Europe. 

N. Tergvsima (K.). — Front view .sig- 
moid, linear, truncate; A-alvos narrow 
linear, Avith suddenly contracted, pro- 
duced apices. = Sgnedra Tergestmay KB. 
6(), t. 4. f. 33; Sigmatclla Tergestina, 
lb D. p. 56. Europe. 11 stria? in 
1-1200", Bab. 

N. Italica (Bab.). — Front view broad- 
ly linear, slightly sigmoid, truncate; 
valves sigmoid, with attenuated rounded 
ends, and 9 striae in 1-1200". 

Italica, Bab D. p. 56, t. 4. f. 12. Italy. 

N. obtusa (S.). — Front view sigmoid, 
linear, with rounded apices ; valves linear, 
obtuse, Avith a double series of puncta ; 
striae 56 in -(X)!". SBD. i. p. 39, pi. 13. 
f. 109, Brackish water. Sussex. 

N. Smithii. — Front view broadly 
linear, sigmoid, trimcate, with conspi- 
cuous marginal capitate striae having 
simdler puncta interposed betAveen tliem ; 
A'alves distinctly striate. =A7^s.sc/«*rt spec- 
tahUis, SBD. i. p. 39, pi. 14. f. 116. Ma- 
rine. Britain. Keel nearly central, 
puncta in four roAA’-s. Sm. 

4 ♦ Frofit view hmately curved, 

N. arcuata (Greg.). — Front vieAV 
linear arcuate, Avith rounded ends ; valves 
lanceolate, obtuse; puncta about 20 in 
•(X)l". Grev. MJ. vii. p. 82, pi. 6. f. 4-7. 
Marine. Scotland. 

5* Ftnistuhs straight in both views, not 
cofisU'icled at the 7ni(kUe, 

t Front view linear. 

N. scalax'is (E., Sm.). — Large ; front 
view broadly linear, with dilated truncate 
ends and broadly striated margins, the 
strisQ alternately longer and shorter; 
A^alves linear with shortly attenuated, 
obtiLse ends. SBD. i. p. 39, pi. 14. f. 116. 
= Sgnedx'a scalaris, EA. p. 137, t. 2. 2. 
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f. 18. Brackish water. Europe, Asia, 
Australia, and America, (iv. 21.) 

N. spectahilis (E.). — Lar^e ; front view 
broadly linear, witli truncated oiineate 
apices; valves with rounded ends. = 
Synedra sspecUihUis^ EA. and M, several 
fi{^ros. Europe, Asia, Australia, Africa, 
and America. The valves ai*e fij^nred as 
elongated, narrow lin(*ar, with suddenly 
attenuated, obtuse, reflect(jd apices, and 
a row of piincta on one margin. 

N. insiynis (Greg.). — Front view 
broadly linear, with rounded ends and 
conspicuous marginal puncta and striae ; 
valves linear lanceolate, straight or 
slightly sigmoid, with subccntral keel 
and 80 distinct strim in -001". Greg. 
MT. V. pi. -1. f. 40. Marine. Scothmd. 
Distinguished from N. aiymaidea and N. 
lirehissomi by its straight front view; 
and from scfdftn'fihy its finer markings, 
more sltmder form, and nondilated ends. 
Greg. 

N. yir/antea (E.). — ^Very large, linear, 
with ' suddenly rounded ends ; vidves 
with attenuate subacute apices ; surface 
finely striated in the intervals of the pin- I 
nules. = f/tyanlea, EIIBA. 1841, 

p. 22 ; Stpwdra Lihyettf KSA. p. 48. 
Oasis of Jupiter Ammon, 1-00". | 

N. linmris (Ag., S.). — Front view ■ 
linear, with rounded or truncate apices j 
and nearly central keel ; i)uncta m a 
single row; striae obscure. SBD. i. p. 
89, pi. 13 & pi. 38. f. 1 10. = FrmtMlia line^ 
«> 7 .s, Ag. Freshwater. Europe. 

N. Valea (K., S.). — Front view linear ; i 
valves naiTow, lanceolate, acute. S131). : 
ii. p. SQ.=Sytwdrn PaU'ci, KB. p. 03, t. 4. : 
f. 2 ; Synedra Fiisidium, KB. p. 04, t. 30. i 
f. 33 ; Synedra fimdtnides, Rah D. p. 53, I 
t. 4. f. 47. Europe. Fnistuhis minute. | 

N. tenuis (S.). — Front view linear, j 
truncate ; valves narrow, lanceolate, 
acute ; striro obscure. SBD. i. p. 40, pi. 
13. f. 111. Fresh water. England. 

2t Extremities, in front view, with a 
hyaline wing or expansion on each side. 

N. spathulata (BrCib.). — hVont vicAV 
lanceolate, with th(j truncjite ends dilated 
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on each side; valves lanceolate acute, 
with a single row of puncta. SBD. i. 
p. 40, pi. 31. f. 208. Marine. France 
and England. 

N. distans (Greg.). — Front view broad, 
sublinear, with distant irregularly dis- 
posed marginal puncta; apices truncate 
with a slight hyaline expansion on (‘ach 
side. GDC. p. 58, pi. 0. f. 103. Marino. 
Scotland. Valves lanceolate, with acute 
apices and central ktnd. 

N*. hyalina (Gr(‘g.). — Front view suh- 
lincar, with small, regular marginjil 
puncta; valves narrow linear, with con- 
tracted, produced apices and cditrsil keel. 
GDC. p. 68, pi. 0. f. 104. Marine. Scot- 
land. Keel apparently double ; but pt'.r- 
haps oiKi is seen through the very hyaline 
voivo. Greg. 

3 t Front view lanceolate. 

N. anfpdaris (S.). — ^Front view rhom- 
boid-lancoolalo, truncate ; valves lanc,tM>- 
late, with central keel ; puncta in a single 
series and longitudinal lines. SBD. i. p. 
40, pi. 13. f. 117. Marine. Sussex. 
This and the following species ought 
perhaps to Ix^ placed in Oeratoneis. 

N. lanceolatai^.'). — Front view broadly 
lanceolate, acute ; valves lanceolattj, ros- 
trate, acute, with eccentric keel and 
longitudinal lines. SBD. p. 40, pi. 14. 
f. 118. Marino. Sussex. 

Doubt fid or insiifficiently dcscnbcd Species, 

N. ralens (E.). — Very larger, brojidly 
linear, linely striated, with truncate ends. 
= Synedra tvdens, hlA. t. 3. 2. f. 0. Fresh 
water, (xii. 44.) INIexico and United 
Stattjs. 

N. c^Jirrulv (K.). — Elongated, curved; 
front view slightly attenuated towards 
the truncate apices ; valves acuminated, 

I subacute, sometimes with a longitudinal 
I punctate line. = Synedra currula, KB. 
p. 05, t. 15, f. 2. Fresh water. Prussia. 
1-240". 

N. Ehrenherffii = Synedra nmphilepta. 
EM. pp. 34-5, f. 11. Cape Verd. Elon- 
i gated, stmight, linear, with striated mar- 
j gins and acutely cuneatc apices. 


Genus CEllATONEIS (Ehr.). — ^Fnistules as in Nitzsehia, but with long 
rostrate ends, and usually with a more or less evident central pseudo-nodule. 
Professor Smith, after cxclud^g some of its siiecies, made Ccratoneis a sec- 
tion of Nitzsehia, and perhaps was jiLstified in so doing ; but as the forms 
included in it arc remarkable for their filiform beaks, and there is some 
appearance of a central nodule, we have retained the genus, at least for the 
present. Some of the species resemble the Closteria in form, and have been 
referred to as showing an affinity between the Diatomaceae and the Dosmi- 
dieaj. The resemblance, however, is merel)'' superficial, and, instead of showing 
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an affinity, rather proves it does not exist. In the Clostcna, division takes 
place across the lunate frond, or in the shortest diameter, whilst in this genus 
it occurs in the opposite direction. 

Ceuatoneis lomfissima (Br^b.). — C. aciculnris (K .). — Front view naiTow 

Valves lanceolate, with very long straight linear; valves lanceolate, with straiglit, 
slender awns, a subcentral keel, a single slender beak; stria} obscure. = 
row of puiicta, and obscure striae. KSA. (mcularts, KB. p. G;!, t. 4. f. 3 ; Nifzschia 
p. 801. = Nitzschia hirostrata, SBB. SBD. p. 43, pi. 16. f. 12’2. Fresh 

1 . p. 42, pi. 14. f. 111). IMarine. France, water. Europe. 

England. Front view straight, with C. ffraci/is (Brdb.). — Elongated, ve*ry 
lanceolate middle, and long, linear, slender, linear, with rather obiiis(j 
truiicated beaks, (iv. 22.) straight, curved, or sigmoid beaks ; stvije 

C. Chstrrium (Fj .). — Front view arcu- obscure. KSA. p. 81). = iV/YsAY7/m TemiUy 
ate, with lanceolate middle, and long, SBl). p. 43, pi. 15. f. 123. Fresh or brack- 
filiform, incurved awns; valves faintly ish water. Europe, 
striated, with central keel and a single 

row of pane ta. b]hr. leb. Krcidethierchen. Doubtful Species. 

t. 4. f. 7. = Nitzschia Clostentwiy SBJ). 

i. p. 42, pi. 16, f. 120. J^urope. (xii. 59.) C. Cretee (E.). — Smooth, navicular, 

C. m*cr&y< (Sin.). — Front view lauceo- very slightly constricted at the middle, 
lat(?, Avilh long beaks, the extremities with acute, straight, not much produced 
of which are bent in opposite direc- apices. r]lvBA. 1844; Microg. pi. 22. 
lions ; puncta obsolete ; strije obscure, f. Gl. Fossil. Sicily. The figurt> shows 
48 in ‘OOl". = Nitzschia rerersa, a distinct median line and nodule. 

SBD. i, p. 43, pi. 15. f. 121. Brackish C.lamimiris (li .). — Broadly lanceolate, 
water. Europe. with striated margins and short rostrate 

C. spiralis (K.). — Lanceolate, with apices. EA. t. 3. 7. f. 24. Asia and 
long, flat, spirally-twisted beaks. KB. p. America. Valve with median line and 
104, t. 4. f. 38. Marine. Europe, (xiii. 9.) central nodule. 

C. suhalata (Breb.). — liaiiceolate su- (1. Linca. =sSj/nc(7ra Linen, EM. pi. 18. 
bulate, A^ery slender, smooth, gradnall}' f. 78. Fossil. Virginia. Lanc(;olate, with 
tap<iring into slender beaks, which are punctated margins, and narrow-linear, 
sonuitinies straight, sometimes cuiwed or rosti’ate ends, 
sigmoid. KSA. p. 89. Mjirine. France. C. rhomhokks (E.). — India. 

(tciius AMPIITPLEUKA (Kiitz.). — Fnistulcs simple, elongated; valves 
with longitudinal ridges. An ill-defined genus, the species of which differ 
considerably in their appearance. 

AMPiiiPLEimA (JC.). — Frus- straight ; vah'cs slightly sigmoid. KB. 

tules slender, hyaline; valves nan’ow p. 104,t.4.f.30.=yl»ip/iM)/<??/,rrt 
lanceolate, with rather obtuse apices. SBD. i. p. 45, pi. 15. i. 128. Marine. 
KB. p.l03, t. 3. f. 32 ; SBI). pi. 15. f.l27. Europe, (xm. 2.) It foinns brown 
= Navicula pellucida, Ehr Inf. t. 13 ; stain-like patches on marine rocks, and 
Aulacoeystui pellucida, Hass Algoe^. 427, scaretdy changes colour when gathei’cd. 
pi. 102. f. 8. Fresh water. Eiirope. K. injltxa — Valves linear, lu- 

(iv. 30, IX. 140 & xiiT. 1.) 1-300" to nately curved, slightly attenuahid, some- 

1-140". Frustulcs often connected in what constricted beneath the rounded 
flat, longitudinal band-like series by a ^ices. KSA. p. 88. Marino, (iv. 31.) 
mucous covering. Ji'anco and Britain. 1-430" to 1-33G''. 

A. hanica (K.). — Ijanccolate, obtuse Striai close, usually very indistinct. In 
or truncated, smooth. KB. p. 103, t. 30. mode of growth and colour it resembles 
f. 38. Marine. Europe. 1-390". A. riyida, but changes to a green colour 

* A. riyida (K.). — Elongated, linear as soon as gathered, 
lanceolate, with truncate ends; front view 

FAMILY V.— SURTllELLEiE. 

FiTistulos prismatic or subdisdform ; striao of the latQral surfaces either 
interrupted by a longitudinal line or radiate. The Surii’ellea} compiisc by no 
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means a satisfactory group, and we believe that Synedra and the other genera 
with wand-like fmstules should be removed from this family, whether they 
be united to the Fragilariea) or retained together as a distinct family ; but the 
object of this work is rather to present an epitome of what has already been 
done than to introduce any extensive alterations. “ The genus Campylo- 
discus is near to the Mclosirea), but the disk is not circular but elliptical. 
8urirella and the free fmstules of Synedra are related to the Naviculeae, but 
they want the middle clearly- defined nodule in the secondary sides. Bacil- 
laria is closely allied to the Fragilariea), especially to Diatoma ; but the strim 
of the frustule are interrupted in the middle, while in Diatoma they are 

pervious Comparing together the genera Campylodiscus, Surirella, Bacil- 

laria, Synedra, it is easily perceived that the last two only deviate from the 
Fragilaiieae by the character of intermpted striae ; and the first two, deviating 
sensibly in the succession of species from the circular shai)e of the lateral 
surfaces, or of the transverse section, establish a transition between the 
Mclosircae, and the group formed of these two genera, along with the Fra- 
gilarieae and the Mcridicae. Hence it is impossible to establish an organo- 
graphical character that shall embrace the entire family and strictly represent 
its tyi)C.” (Mciicg.) 


Genus BACILLAllTA (GmcL). — Frustules linear, straight, united into a 
short band, moving on each other by a sliding motion without separation ; 
valves having a longitudinal punctated keel. The elongated wand-like frus- 
tules distinguish this from all other genera, except some species of Diatoma 
and Synedra. It differs from the former by the fmstules not forming zigzag 
chains, and from the latter by its band-like filaments. The principal organo- 
graphical character that distinguishes Bacillaria from the Fragilaric® is the 
same that allies it to a different group of the family, viz. the intormption of 
the transverse striso in the median lino of the secondary surfaces, to which is 
added the parallelism of the primary siu-faccs.” (Mcnegh.) 


* Frmtuhs united into a short band, 
Bacillaria paradoxa (Gniel.). — 
Valves linear lanceolate, E Inf. p. 105 ; 
SBl). pi. 32. f. 279. Ditches in salt 
marshes. Europe, (iv. 18 : ix. 1(50, 
107.) 

2 * Fi'ushd^s bundled, 

B. cursoria (Donkin). — Valves lanceo- 


late, hyaline; striao obsohite. Donkin, 
TMS. vi. p. 10, pi. 3. f. 12. Marino. 
England, (iv. 19.) 

B. socialis (Grcg.^. — ^Volvos lanceolate, 
with fine, but distinct, transverse striae. 
= Nitzschia socialis, Greg. TjM S. v. p. 8, 
pi. 1. f. 46. 'Marine. Scotland. Frustules 
in groups, striae 30 to 30 in *001. Greg. 


Genus HOMCEOCLADIA (Ag.). — Frustules bacillar, Nitzschoid, within 
subular, submcmbranaceous, branched filaments. The frustules are usually 
fasciculated ; and their structure, Avhich is that of the genus Nitzschia, sepa- 
rates the present from the other frondose genera (Sm.). When dried, the 
filaments become opake, and usually acquire a metallic lustre. 

IIoMfKOCLADiA Murtiana (Ag.). — H. Anglica (Ag.). — Frond trichoto- 
Frond unibellatcly branched, monibrana- ; moiis below, di(!li()tomoii3 above, opake 
ceous, rugose, opake when dried; frustules , when dry, scarcely rugos(i ; frustules very 
crowded, linear, elongat(;d, obtuse. Ag. : long, linear, obtuse. Ag (JD. p. 26; KB. 
(JI). p. 26; KB. p. 110, t. 30. f. 83. —H. ' t. 30. f. 82. France and England. Does 
Anglica, lijilfs. Annals, xvi. pi. 3. f. 1. ! not adhere to paper. We are unable to 
Marine. Europe, (iv. 2, 3 ; xiv. 47-49.) ' determine from the fragments we have 
Fronds much branched, flaccid when re- i examined whether this is truly distinct 
cent, and of a dark olivc-colour, with a ' from II, Martiana, 
metallic lusti’e and transversely wrinkled I 11. Arbuscula (K.). — Very much and 
when dried. 1 iimbellately branched, upper branches 



OF THE SURIKELLE.E. 


785 


fascicular; capillary; spuriously jointed ; 
frustulos linear; eloug^ated; obtuso; 
smooth. KB. p. Ill; t. 22. f. 11. Ma- 
rine. Venice. 1-7". 

H. dilatata (K.). — Much branched, se- 
taceous, branches histigiato, incrassated 
above, clavate ; fasciculi closely conti- 
guous ; fnistules linear, elongated, aciem- 
iar, obtuse. KB. p. Ill, t. 23. f. 1. Ma- 
rino. Adriatic. 1-12". 

H. moniliformis (Kiitz.). — Capillary ; 
branches slender, elongated, monflitbrm ; 
fasciculi of frustulos remote; frustules 
very long linc^ar, obtuse. KB. p. 110, 
t. 22. f. 10. Adriatic;, (xiv. 45, 40.) 

H. pumila (Ag., K.). — Irregularly di- 
vided into liqiial, obsoletely-articulated, 
capillary branches ; frustules short linear, 
with rounded ends. KB. p. 110, t. 22. 
f. \^, = Schizonoma pHniilumj AgCl). p. 10. 
Adriatic, (xiv. 37, 38.) 

II. penicillata (Kiitz.). — l^'astigiately 
branclnid ; branches divaricate, fasti- ! 


giately divided ; terminal ramuli white, 
in pencils; primary tube thick, gelati- 
nous caHiloginous ; frustides densely ag- 
gregated, slender, linear acicular, very 
naiTow. KSA. p. 97. France. 

H. luhrica (Me., K.). — Gelatinous, 
green, setaceous, for the most part di- 
vided at the apex ; frustules fiuscicu- 
late, densely aggrc'gated, linear. KSA. 
p. 98. = Schizonema luhricunij Menegh. 
Adriatic. 

\\,filiformis (S.). — Frond simple ; fas- 
cicles of 3 or 4 frustules ; front view 
linear-lanceolate, obtuse ; valves linear 
lanceolate, subacute. SBIJ. ii. p. 80, pi. 
55. f. 348. Brac'hish and fresh water. 
England, (iv. 25.) 

11. sUjmoidea (S.). — Frond simple ; 
frustules irregulany tasciculatod in bun- 
dles of about 0 ; front view sigmoid ; 
valves linear, with atteimated ends. SBJ). 
ii. p. 8 1, pi. 55. f. 349. Brackish water. 
Britain. (i\'. 20.) 


Genus SYNEDIIA (Ehr.). — Frustules elongated, wand-like, attached by 
the lower cud, lateral surfaces o(iual to or less than the front view, tia versed 
by a smooth median longitudinal line. The true siiecies of Synedra are 
distinguished from all other genera by their wand-like form and attachment 
by one end. 'fhey arc usually either fasciculated or fixed to a distinct stijies 
in a fan-like maiinor. As to the organographieal considerations Avhich can 
be instituted in this genus, they reduce themselves to tlic single one of length 
predominating over breadth and the eminently baciUary form derived from it. 
Thus Kiitzing observed of the opposite characters of Synedra and SuriroUa, 
that the lateral surfaces exceeded in one the primary surfaces in the other.'' 
Several of the sjiccies at jiresent placed in this genus may prove, when better 
known, to belong to Nitzschia. 


♦ Minute ; uttachment slight ; striec 
indistinct or obsoletsK 

Synedba quadrangulu (K.). — Very 
minute, in one view narrowly linear, in 
the other broad quadrangular. KB. p. 
63, t. 3. f. 23. Marine. Norway. 

S. Atomus (K., Niig). — Very minute, in 
one view elliptic with rounded apices, 
in the other linear truncate. KSA. p. 

Amphora Atomus, KB. t. 30. f. 70; 
Sgftedra minutisshna, p pellicidosa, K. 
(according to M. de Br^bisson). Fresh 
water. Europe. 

S,perptmlla (K.). — Very minute; front 
view very narrow linear ; valves lanceo- 
late, contracted near the obtuse apices. 
ItB. p. 03, t. 3. f. 31. Venice. 

S. BiasoUttiana (K.). — Very minute; 
front view very narrow linear, arcuate ; 
valves lanceolate, obtuse. KB. p. 63, t. 
3. f. 22. Fresh water. Trieste. 

S. pusilla (K.). — Minute; front view 


broadly linear ; valves oblong-elliptic, 
with somewhat rounded apices. KB. 
p. 63, t. 3. f. 29. Carlsbad. 1-1800". 

S. angiistata (K.). Front view very 
narrow linear; valves broader, oblong, 
with atUmuated, rather obtuse apices. 
KB. p. 64, t. 4. f, 1, 3. Hot springs. 
Italy. 1-720". 

S. virginalis (K.). — ^Froiit view linear, 
truncate, with attenuated centre ; vtdves 
lanceolate. KB. p. 64, t. 3. f. 15. Genoa. 
1-600". 

S. ventricosa (Rab.). — Front view n^- 
row linear; valves ventricose, with short, 
produced, bcak-like apices. Rab D. p. 62, 
t. 4. f. 30. Apennines. 

2 * Frmtidcs in lateral view arcuate, 

S. lunaris (E.). — Valves narrow, linear, 
arcuate, slightly attenuated, obtiLse ; 
stii^jR faint, 36 in -OOV'. El. 1. 17. f. 4 • 
SBD. i. p. 09, pi. 1 1. f. 82. Fresh water! 
Common. Europe, Asia, and America. 

3 K 
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(x. 185.) Frustulcs afHxed^ often aggre- 
gated. 

S./afcfl<«(K.). — Valves arcuate^ linear, 
with obtuse apices, faint striae, undulated 
venter. KSA. p. 43. Paris. 

S. hihmaris (E.). — Valves linear, 
curved, bilunate, obtuse, attached, more 
attenuated at base ; striae obscure. El. 
1. 17. f. 5. Fresh water. Europe. Valves 
bent inwards at the middle, so as to be- 
come bilunate. 

S. Imujissima (Sm.). — Valve much elon- 
gated, slightly and gradually attenuated, 
witli capitate apices ; striae 28 in *001". 
SBl). i. p. 72, pi. 12. f. 95. Botanic Gar- 
den, Belfast. Is this distinct from S. 
hicqys ? 

S. (K.). — ^^luch elongated ; valves 
very slender, gradually attenuated, with 
capitate tnpices and distinct transverse 
striae. KB. p. 66, t. 14. f. 18. Fresh 
water. Europe. 1-100" to 1-60". Front 
view linear, with striated margins, some- 
times dilated at thcj ends. 

S. alpina (Nag.). — Slender, faintly 
striated ; front view straight, linear; 
valves arijuate, \'cry narrow lanceijlate, 
with produced capitate apices, KSA. 
p. 43. Switzerland. 1-600" to 1-336". 

S. suharcuata (Niig.). — Small ; front 
view straight, linear, valves slightly ar- 
cuate, with produced capitate apices. 
1-2400" to 1-1200". Switzerland, lake 
S. alpina, but only half the size. Bab. 

S.J/cj’/^/wr/( Breb.). — Front view broadly 
linear; valves linear, curved, sometimes 
H(*xuose, with capitate apices and very 
tine transverse stria?. = ftexuoaa, 
KSA. p. 6 ; .S', hiaps, SBD. i. pi. ‘ll. f. 83. 
Fresh wat(;r. France, England. /3, valvi?s 
two or three times flexed. Ditfers from 

hicaps in having linear, not tapering 
valves. 

S. pachyciphala (K.). — Front view 
slender, linear ; valves linear, slightly 
arcuate, with claviform apices and indi- 
stinct stria?. = Eanotia pachyctphaluy 
KSA. p. 6, Freshwater. Europe. 

S. arcuata (Niig.). — Smooth; front 
vi(;w straight, linear, with truncate ends; 
valves linear, arcuate, with rounded 
apices. KSA. p. 890. Switzerland. 

S. yihhosa (B.). — Front view linear; 
valves arcuate, tapering to the slightly 
constricted recurved apices ; venter con- 
cave, gibbous at the middle. = 

Arcus, ICI. p. 182 ; Cymhclla Arais, II BA. 
p. 429 ; CeraUmeis ' Arcm, KB. p. 104, 
t. 6. f. 10 ; Eunotia Arcus, SBD. i. p. 15, 
pi. 2. f. 15. Fresh water. Europe. The 
irustules are aiHxed, as in other species 
of Synedra. 


S. hamata (S.). — Valves linear or 
linear-lanceolate, with suddenly con- 
stricted, produced, incurved apices ; stria? 
marginal, 30 in *001". SBD. i. p. 73, pi. 
30. f. 264. Fresh water. Sussex. 

3 * Valves straight, with a circular, defi* 
nite central pseudo-nodule, 

S. pulchcUa (Balfs, Kiitz.). — ^Frustules 
in fan-shaped clusters on a compressed- 
dichotomoiLS stipes; valves lanceolate, 
obtuse, with a median umbilicus. KB. 
p. 68, t. 29. f. 87; SBD. i. p. 70, f. 84.= 
Ctenophora pnlchella, Br^b., Synedra 
Vertebra, Greg. JMJ. iii. pi. 4. f. 22. I’onds 
and slow streams. England and France. 
Stria? 33 in *001", Sm. 

S. minutissima (K.). — Very minute ; 
front view narrow linear ; valves lanceo- 
late, rather obtuse; stria? 36 in *001". 
KB. p. 63, t. 3. f. 30; SBD. pi. 11. f. 87. 
Fresh w*ater. Europe. 

S. gracilis (K.). — Frustulcs affixed, 
scattered ; valves lanceolate, acute, with 
nmedian pseudo-nodule. KB.p. 64, 1. 15. 
f. 8 ; SBD. i. p. 70, pi. 11. f. 85. Marine. 
Europe. Stria? obscure, 39 in *001", Sm. 

S. Smithii (R.). — ^l^riistules irrc?gularly 
affixed; valves lanceolate, acute, with 
36 very faint stria? in ‘OOl” ss Synedra 
acicularis, SBD. i. p. 70, pi. 11. f. 86. 
Brackish water. England. 

4 * Valves with very long awn-like beaks 
(Toxarium) ; nodule obsolete, 

S. undulata (Bailey). — ^^^alvcs slender, 
lanceolate at the middle, tapering into 
very long, linear, undulated awns, with 
clavate apices. SBD. ii. p. 97 ; Greg.DO. 
p. 59, pi. 6. f. 107. = Toxarium undulatum, 
Bailey, M(7. p. 15, figs. 24, 25. Marine. 
America and Europe. Front view linear, 
broader ; valves arcuate or straight, with 
24 moniliform striie in *001". 

S. Hennedyana (Greg.). — Frustules as 
in S. undulata, but the awns not undu- 
late. GDC. p. GO, pi. 6. f. 108. Marine. 
Scotland. 

6 * Frustulcs affixed, aggregated or scat- 
tci'ed ; pseudo-noduie obscure or in- 
dijinite, 

S. parvula (K.). — Front view linear, 
triincate ; valves broad lanceolate, acute. 
KB. p. 64, t. 30. f.32. Fresh water. Ger- 
many and France. 1-1200". Sometimes 
free, sometimes attached and densely 
aggrc?gated in a radiant manner. 

S. suhtilis (K.). — Slender, radiant ; 
valves narrow linear-lanceolate, very 
I mm to. KB. p. 64, 1. 14. f. 2 a. =Naricufa 
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Acu8, E Inf. p. 176, 1. 13. f. 4. (ix. 147.) 
Germany and France. 

S. dissipata (K.). — Slender, affixed, 
radiant ; front view narrow linear, trun- 
cate; valves narrow lanceolate, acute. 
KB. p. 64, t. 14. f. 3. = /SI fasciculata, 
El. t. 17. f. 3. Fresh water. Europe, 
Australia, and Asia. 

S.fa?neHca (K.). — ^Delicate, irregularly 
aggregated, very narrow linear, tmncate 
in lateral view, front view rather acute. 
KB. p. 64, t. 14. f. 8. 1. Fresh water. 
Germany. Is a somewhat larger form of 
S. dissipata f Rab. 

S. radiam ([K.). — Delicate, densely 
aggregated, radiant ; front view very nar- 
row linear, truncate ; valves narrow lan- 
ceolate, rather obtuse. KB. p. 64, t. 14. 
f. 7. Europe. 1-600”. A minute species. 

S. tenuissima (K.). — Very slender, 
elongated; front view exactly linear, 
truncate; valves acicular, acute. KB. 
p. 64, t. 14. f. 6. Stagnant waters. 
Germany and Franco. 1-180”. 

S. teimis (K.). — Slender, elongated; 
front view exactly linear, truncate ; 
valves narrow lanceolate, Avith some- 
what obtuse apice.s. KB. p. 05, t. 14. 
f. 12. P'resb water. Germany and 
Fraruje. 1-108”. 

S. Acida (K.). — Slender, elongated, 
lanceolatti, in front view truncate, in 
lateral view very acute. KB. p. 05, 1. 14. 
f. 20. Fresh water. Dalmatia and 
Fmnce. 1-72”. 

S. laayis (E.). — Slightly and irregularly 
affixiHl ; front view slightly attenuatea, 
truncate; valves more attenuated, ob- 
tuse. EA. t. 2. 6. f. 2. Marine. Europe 
and America. 1-130”. 

S. gmcillima (Rab.). — front view 
elongated, very naiTow linear; valves 
•linear, acicular, acute. Rab 1). p. 53, 
t. 4. f. 20 rf, c. Dresden. 

S. salina (S.). — Valves lanceolate, 
gi’aduaUy tapering towards the somewhat 
obtuse apices ; strim distinct, 32 in -001". 
SBD. i. p. 71, pi. 11. f. 88. Marine. 
England. 

S. apiculata (Rab.). — Very slender; 
valves^ linear, acicular, with shortly 
tapering apices, faintly striated. Rab D. 
p. 56, t. 5. f. 20 a, c. Dresden. 

S. amphicaphala (K.). — Slender ; front 
view linear, truncate; valves narrow 
lanceolate, tapering, with capitate apices. 
KB. p. 64, t. 3. f. 12. Fresh water. 
Germany. 1-360”. 

^.fanlinalis (S.). — Frustules scattered ; 
valves linear-lanceolate or elliptic-lan- 
ceolate, with produced, subcapitate 
apices; nodule indefinite; strife 27 in 


•OOr, Sm ANH. 1867, p. 9, pi. 1 . f. 0 . 
Fresh water. Pyrenees. 

S. gihha (E.). — Smooth, fasciculated, 
elongated, narrow linear; valves broadly 
tumid at the middle, with gradually 
attenuated, obtuse apices. EA. p. 137. 
United States. 

S. delicatissima (S.). — Valves elon- 
gated, very narrow, gradually tapering 
to the subficute apices ; striae 27 in *001 . 
SBD. i. p. 72, pi. ik f. 94. Pseudo-nodule 
indefinite. 

S. tenera (S.). — Frustules clustered ; 
valve nearly linear or attenuated towards 
the slightly inflated fmices ; nodule inde- 
finite ; stria) 60 in •001”. SBD. ii. p. 98. 
Fresh water. Britain. In outline not 
unlike S. delicatissima, but far smaller 
and with more delicate striae, Sra. 

S. lanceolata (K.). — Front view nar- 
row linear, with slightly dilated apices ; 
valves lanceolate, distinctly striated, Avitli 
a blank, rhomboid median space. KB. 
p. 06, t. 30. f. 31. America. 1-600” to 
1-310”. 

S. dehilis (K.). — Minute; front view 
slightly attenuated, truncate, with obso- 
letidy striated margins; valves lanceo- 
late, with produced apices. KB. p. 65, 
t. 3. f. 45. ss 8. porrecta, Rab D. p. 55, 
pi. 4. f. 27. Stagnant waters, hhirope, 
common. 

S. mesoUpta (K.). — Delicate; front 
view dilated at the ends ; valves lan- 
ceolate, curved or slightly sigmoid. 
KB. p. 66, t. 30. f. 30. America. 
l-KKT. 

S. notata (K.). — Small, with obsoletely 
striated margins; front view quadran- 
gular; valves elliptic-oblong, with ob- 
tuse ends. KB. p. 65, t. 3. f. 33. Stag- 
nant waters. Europe. 1-650”. 

S. Martensiana (K.). — Small, di- 
stinctly striated ; front vie,w liiusar, trun- 
cate; valves rather broader, lanceolate, 
subacute. KB. p. 65, t. 3. f. 9. Marine. 
Europe. 

S. Vaucherics (K.). — Minute; front 
view linear, truncate ; valves linear- 
lanceolate Avith somewhat produced 
ends, indefinite pseudo-nodule, and 30 
marginal strife in *001”. K33. p. .65, 

t. ll. f. 4; SBD. i. p. 73, pi. 11. f, 99. 
Fresh Avater, especially on species of 
Vaucheria. Europe. 

S. eequalis (K.). — Front vioAv dilated 
at the ends ; valves linear, with rounded 
apices, indefinite pseudo-nodule, and 24 
strife in -001”. KB. p. 66, t. 14. f. 14. = 
8, obtusa, SBD. i. p. 71, pi. 11. f. 92. 

I Stagnant Avaters. Europe. 1-140”. 

I S. investiens (S.). — Valves linear, 
8 E 2 
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slightly attenuated towards the rounded 
apices, nodule obsolete j strice 26 in 
•001". SliJl. ii. p. 98. Marino. Scot- 
land. 

S. acuta (E.). — ^Front view exactly 
liiumr, truncate ; valvtjs linear, striated, 
suddenly acuminated near the apices. 
EA. 1. 1. 2. f. 22. America, Asia, Au- 
stralia, and Africa. 1-144". 

S. Oxyrhynchus (K.). — Front view 
linear ; valves linear, narrower, suddenly 
c(>ntracted into a beak at the ends. KE. 
p. ()6, t. 14. f. 9-11. Germany. Di- 
stinguished from S» acuta by its con- 
stricted ends. 

S. vitren (K.). — Front view with di- 
lated apices; valves linear, with siid- 
tlenly attenuated, obtuse ends. KB. 
p. 66, t. 14. f. 17. France. Distin- 
guished from S. Oxyrhynchus only by its 
dilated ends in the front view, Rab. 

S. amphirhynchm (E.). — l^arge ; front 
view linear, not dilated at the ends; 
valves contracted into obtuse bejvks. 
EA. t. 6. 1. f. 25. Fresh water, hhi- 
ropo, Africa, and America. 1-120" to 
1-06". No large, median, smooth space. 

S. prcemorsa (E.). — Front view broadly 
linear, with truncated, cuneatt) apices; 
valves linear, with rounded cuneato ends. 
EA. t. 3. 6. f. 11. Mexico. 

S. cUformis (S.). — Valves linear or 
linear-elliptical, suddenly constricted 
towards tluj produced and often distortcjd 
extremities ; nodule obsolete ; strite 36 
in 001". SBD. ii. p. 08. Fresh water. 
Sussex. 

S. Ulna (E.). — Front view exactly 
linear; valves linear, slightly attenuated 
near the obtuse api(-es. E liif. 1. 17. f. 1 ; 
SBl). i. p. 71 , pi. 1 1 . f. 00. Fresli water. 
Europe, Asia, Australia, Africa, and 
America, (x. 181.) 1-280" to 1-100". 
Stria) 24 in *001", Sm. 

S 2 ilmdens (K.). — Ijarge, elongated; 
front view with dilated trunccate ends ; 
valves lanceolate, obtuse. KB. p. 66, 
t. 14. f. 16. =>S'. radiansy SBD. i. p. 71, 
in part. Fresh water. Europe, Asia, 
and Africa. 1-72". Dillerd from S. 
Ulna merely in its dilated apices, Rab. 

fcJ. Danica (K.). — Slender ; front view 
with dilated, truncate ends ; valves lan- 
ceolate witli slightly eJavate apices. 
KB. p. (K>, t. 14. f. 13. Stagnant waters. 
Europe. 1-140". Ts only a more slen- 
der form of S. spU-^ndensy Rab. 

S. mcsocampa (Br(5b.). — Size and form 
of S. UlnUj but in the lateral view Hexed 
at the middle. KSA. n. 44. France. 

S. capilata (E.). — Valves linear, with 
the extremities dilated into a triangular 


head ; striae 23 in *001". E Inf. t. 21. 
f. 28 ; SBD. i. p. 72, pi. 12. f. 93. Fresh 
water. Europe, Asia, Africa, and Ame- 
rica. (iv. 29; X. 186.) Very large; length 
1-120" to 1-40". 

S. Umgiccps (E.). — Very large, in form 
approaching very near to'iS. capitatUy but 
with styliform, produced apices. ERBA. 
1845. Fresh water. 'America. 1-12" 
to 1-144". 

6 * Frustules attached by a distincty mostly 
pci'sistenty stipes ; pseudo-nodule obsolete 
or huUjinite, 

t Frustules in fan-shaped clusters on a 
short, mostly simple, stipes. 

S. Acus (^Kiitz.). — Slender, smooth; 
front view slightly attenuated, truncate ; 
valves very naiTow lanceolate, aciciilar. 
KB. p. 68, 1. 15. f. 7. J lamburgh. 1-tMiO". 

^.familiar is (K.). — Smooth, distinctly 
tabellate and Habdlately disrupted ; 
front view slightly attenuated near the 
truncate ends ; valves lanceolate, acute. 
K B. p. 68, t. 15. f. 12. France. 1-320". 

S. parra (K.). — Minute, smooth, nar- 
row linear, ti’uncate ; valves narrow lan- 
ceolate. KB. p. 67, t. 15. f. 9. Marine. 
Italy. 1-900". 

S. socialis (Rab.). — Front view linc'ar, 
with truncated, cuneato ends ; valves 
lanceolate, distinctly striated. Rab D. 
p. 56, t. 4. f. 22. Fit'sh water. Italy. 

S. GaUhnii (E.). — Frustuhjs large, on 
a thick, convex stipes ; valves lanceo- 
late ; striro 36 in *001 ", intciTupted by a 
median line. E Tnf. t. 17. f. 2 ; SBD. 
i. p. 74, pi. 30. f. 265. Marine. Europe, 
Asia, Atrica, and America, (xii. 34, 36.) 
1-120" to 1,100". 

S. fasclctdala (Ag., K.). — Frustules ta- 
bulate, on a thick, hemispherical stipes; 
front view linear, with siibattenuate, 
truncate apices ; valves lanceolate. KB. 
p. 08, t. 15. f. ri.zsiDiatornafasciculatumf 
AgCD. p. 51. Marine. CS[)mmon. 

^.tahulata (Ag., K.). — Frustules large, 
on a thick, abbreviated stipes; front 
view broadly linear, truncate ; vjilves 
lanceolate, with subcapitate apices ; striao 
marginal, 27 in •001". KB. p. 6t^, t. 15. 
f. 10; SBD. pi. 12. f. 96. 
tabulutumy Ag CD. p. 50. Marine. 
Europe. 

S. r/^/*w (K.).-— Frustules subtabulate, 
on a hemispherical stipes; fi*ont view 
slender, linear, with siibattenuate trun- 
cate apices; valves lanceolate, acute, 
with 32 marginal striae in -001". KB. 
t. 15. f. 6, 11; SBD. i. p. 73. 
arine. Europe. 1-320". Frustules 
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united in ilabcllatc or radiating bundles^ 
Sm. 

S. harhatula (K.). — Minute^ tabulate ; 
front view linear, truncate, with a ter- 
minal mucous appendage; valves elliptic- 
lanceolate. KJl. p. (18, t. 16. f. 10. 4. 
Marine. Europe. 1-0(50". 

S. truiviata (Grev.). — Erustules united 
in tablets, obsciurely stipitate; front 
view linear, truncate ; valves lanceolate, 
obtuse. = Diaioma and Hlxilaria trunmtaj 
Grev. ; Exilaria fascimhita, ILiss. ; 
Symidra fascimlidiij SBl). i. p. 73, pi. 11. 
f. 100. Fresh water. Europe. Striao 
40 in 001", Sm. 

S. Arcm (K.). — ^Frustiiles ilabellate, 
attached to a cushion-like stipes; front 
view curved ; valves lanceolate, Avith 30 
mai-ginal striie in 001 . K 11 p. (58, t. 30. 
f. 60; SJ5D. i. p. 73, f. 08. (iv. 27.) 
Marine. Europe and America. 

2 1 Frustules on an elongated, often 
brfmehed, stipes. 

S. Ehrenheryii (K.). — Fnistules at- 
tenuated near the obtuse apices, tcmninal 
on a long, lint'ar stipes. K15. p. 09, 1. 1 1. 
f, 0. Fresh water. Berlin. 

S. Saxonica (K.). — Stipes a little elon- 
gated; frustules slender; front view 
linear, truncate ; valves naiTOw lanceo- 
late. K B. p. 08, 1. 15. f. 14. Salt Lake 
at Mansfrdd. 1-330". 

^.fulyens (Grev., S.). — Frustules ter- 
minal on a thick, bninclujd stipes, ge- 
minate linear, truncate; valves linear, 
in dated at (!entre and ends ; strias 3(5 in 
•001". SBl). i. p. 74, pi. 12. f. im.= 
JSxilaria fulyens, Grev. ; Liemaphora 
fulijmsy KJ5. 1. 13. f. 6. Marine. Europe 
and America. * 

S. crystallina (Ag., K.). — Frustules 
very large, on a thickish abbreviated 
stipes; valves linear, inflated at centre 
and apices ; stria) distinct, 2(5 in -001". 
KB. p. 09, t. 10. f. 1 ; SBI). pi. 12. f. 101. 
= Diatoma crystalHna, Ag. Marine. 
Europe. 1-00" to 1-48". 

S. superba (K.). — Stipes somewhat 
elongated; valves stout, linear-lanceo- 
late, 15rith rounded ends ; strim very di- 
stinct, 27 in *001". KB. p. 09, t. 16. 
f. 13. SBD. i. p. 74, pi. 12. f. 102. 
Marine. Europe. 

S. Dalmatica (K.), — Stipes somewhat 


elongated and branched ; frustules large, 
linear, slightly and gradually attenu- 
ated at tlie subtruncate ends. KB. 
p. 09, t. 12. f. 2. Marine. Adriatic Sea. 
IVustules terminal on the branches. 
1-240". 

S. rohuMoy n. s. — Frustules linear ; 
valves elliptical, ends rounded. Striie 
20 in -001", interrupted by three equi- 
distant longitudinal lines. •0120" to 
•0176". Algae, Corsica. ( viii. 3.) 

S. ytyantea (Loborz.). — Frustules very 
long, deli(;ate, somewhat twisted, linear, 
truncate ; valves very narrow, with di- 
lated, obovate apices. Lobar/.ewsky, 
Linnaea, 1840, p. 276, t. 0 ; KSA. p. 48. 
Marine. Dalmatia. 

7* Frustules connected in tiihhiSy at 

hmyth separniinyy and adheriny by 

alternate anyleSy as in Diatoma. 

S. rumpens (Kiitz.). — Tablets affixed; 

I fnistules very narrow linear, with tumid 
obtuse m)ices, adhering by alteniate 
angles. KB. p. 09, t. 10. f. 0. Brackish 
water. Gei*man coast. 

Doubtfvd species from Fhre9tbm*y. 

S. australis. — Innear, striated, witli 
attmiuated, obtuse apices in both views. 
EUBA. 1840 ; Microg. pi. 1. 1. f. 3. In 
siliceous schist from the Philippine 
Islands. 1-432". 

S. pnleacea. — Very narrow, smooth, 
with subacute apices. EM. pi. 1. 1. f. 1. 
With the last. 1-480". 

S. incurva, — l^inear, very narrow, 
Ilexuose, smootli, round, or equally 
quadrangular. ERBA. 1844, p. 272. 
J^rnuida. 1-288". Perhaps a Spongo- 
lithis. 

S. rostrata (E^I^l.9.1. f.4, and pi. 14. 
f. 44). — Fossil. France and Germany. 
Valves elongated, slender, linear, with 
contracted, conic apices, and transverse 
striffi. 

S. eleyamy Asia ; S. striatay Asia ; 
8. lineatay Asia; S. subulatuy Africa; 
S. curvata, Ameri(;a. 

S. doliolus (Wallich). — Frustules 
linear; valve subarcuate, pseudo-nodule 
absent. Strim 30 in •001". *0020^' to 

•0050". Salpro. Indian Ocean, Atlantic. 
Wallich, TMS. viii. p. 48, pi. 2. f. 20. 


Genus DESMOGONIUM (Ehr.). — W e are unacquainted with the characters 
of this genus ; Ehrenberg’s figures of it seem to show a relation to Synedra, 
the tablets (not single frustules) being attached to each otlier by a connecting 
substance, end to end — an arrangement .which simulates a filament. 
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Desmooonium Guianeitse, — EM. t. 34. 
5 A. f. 3. Apparently not very uncom- 
mon, since Elireuberg gives about 50 
habitats in Asia, Africa, and America. 


(xv. 13.) Frustules not stipitate; valves 
without longitudinal riages, mostly 
broader than the front view. 


Genus DIMEREGRAMMA (N., G.). — Frustules quadrangular, two or more 
together; valves scarcely broader than front view, having the transverse 
costse or striae interrupted by a smooth, longitudinal median line. The fnis- 
tulcs arc united as in Dcnticula or Odontidium, from which genera it is 
distinguished by the longitudinal median line. The structure is probably 
the same as in Staurosira (E.), the description of which, however, is altogether 
inapplicable to many of the species hero assembled. 


DmEHEGRAMMA minor (Greg.). — I 
Front view with convex striated mai'gins, j 
constricted beneath the conic angles; 
valves narrow lanceolate, with from 18 
to 20 strong costae in '0^V\^l)enticula \ 
minorj GDC. p. 23, pi. 2. f. 35. Marine, j 
Scotland. 

1). capiiatum (Greg.). — Front view 
with convex, obscurely striated margins, 
constricted beneath the dilated roundish 
= Dentiviilata capitata, Greg L c. 
p. 22, pi. 2. f. 31. Marine. Scotland. 
Is larger than IX namimy with rounded 
apices. Side view unknown. 

D. nanum (Greg.). — Front view with 
convex margins, constricted beneath the 
conic angles ; valv(\s broad, obtusely 
rhomboid, witli rather fine sirire. =/)cw- 
timla nana, (Jreg /. c. p. 23, pi. 2. f. 34. 
Marine. Scotland, (iv. 33.) 

D. distans (Grog.). — Front view con- 
stricted beneath the conic angles ; valves 
broad, rhombic-lanceolate, with strong, 
short maiginal costie, and a lanceolate, 
blank median »piiQe. = l)fntiada diatansy 
Greg L c. p. 23, pi. 2. f. 3(5. Marine. 
Scotland. Is larger than 1). minorj and 
its valves broader, (iv. i54.) 

1). Rlwmhm = Frayilaria? Rhomhmy 
EM. pi. 8. 1. f. 1(5. Fossil. Hungary. 
Valves broadly rhomboid, with marginal 
costas, and a smooth median space. 

D. fnlriim (Greg.). — Front view elon- 
gated, with striated margins, constricted 
beneath the dilated apices ; valves nar- 
row lanceolate, with dilated, subcapi- 
tato apices; strijc moniliform, nearly 
reaching the centre. = Denticula fulva, 
GDC. p. 24, pi. 2. f. 38. Marino. Scot- 
land. 

D. maiinum (Greg.). — Front view 
elongated, linear, with striated margins 
and slightly produced angles; valves 
linear, with gibboj^s middle, obtusely 
conic apices, and about 10 coarsely 
moniliform .striae in -001” . Dmticida 
marinay Greg /. c. p. 24, pi. 2. f. .39. 
Marine. Scotland. 


I), mutabile (Sni.). — Filaments elon- 
gated; valves oblong or lanceolate, with 
20 marginal costm in *001". = OdmUidiimi 
mutahiky SBD. ii. p. 17, pi. 34. f. 290 ; 
Fragilaria amphioxySy EM. pi. 39. 3. 
f. 53. Fresh water. Europe. 

D. Lfptoceros (E.). — Y alves rhomboid- 
linear, with longly attenuated, acute, 
straight ends, finely striated margins, 
and a smooth median space. = Fragilaria 
Lfptoceros, ERDA. 1844, p. 82 ; Odonti- 
dium Leptocei'osy KSA. p. 13. North 
America. 

1). dnuatmn (Thwaites). — Front view 
linear, truncate ; valves rhomboid-lan- 
ceoJato, witJi slightly undulated margins ; 
striic delicate, in 001'' ; costfc inter- 
rupted, 10 in Denticnhi smuata, 

SBD. ii. p. 21, pi. 34. f. 295. Fresh 
water. Brilain. (i\\ 12.) 

D. Tahellaria (Sm.). — Filaments fra- 
gile ; valves with constricted or inflated 
middle, rostrate apices, and 3(5 delicfite 
eostm in '001 ". = Tahellaria, 

SBD. ii. p. 17, t. 34. f. 291. a, vidves 
inflated at the middle, = cow- 
simejiSy Eh.? /3, valves constricted at 
the middle. * (iv. 35.) 

D. hiroshns (E.). — Very minute; valves 
lanceolate, suddenly rostrate, acute ; 
striin interrupted by a median line.= 
FragilaHahirostriSy ERBA. 1844, p. 342; 
Microg. pi. 38 a. 2. f. 8. Fossil. Ger- 
many. 1-3120". Has nearly the cha- 
racters of a Staurosira, Eh, 

I D. informe (S.). — Valves elliptical, 
with an irregular inflation at the centre, 
and hence subcruciform ; costae *18 in 
•001." = Odontidium itiforme, S Annals, 
1857, p. 10, pi. 1. f. ik Fresh water. 
France. 

I). Ilarrisonii (Sm.). — Frustules fre- 
quently adhering by their angles; valves 
cruciform, with rounded lobes ; costse 
distinct, 13 in '(X)!". = Odmtidium? 
Ilarrisonii, SBD. ii. p. 18, pi. 60. f. 373. 

I Fresh water. Hull. The valves in form 
( resemble those of a small Tctrocyclus, 
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but have interrupted oosto); the front 
view, too, is very different, (xviii. 6.) 

D. pinnatum (E.). — Valve cniciform, 
with angular lobes j costae as in 2>. Har- 
risoniu—Staurosira pinnata, EM. t. 6. 2. 
f. 24 ; Odontidmm Ilarrisoniif /Si, Iloper, 
MJ. ii. p. (5, f. 6. Europe and America, 
(viii. 4.) 

1). speciosum (Ihightwell). — Valve 
subcnicifonn or rhomboidtil ; angles 
rounded, naked; costa) short, distinct, 10 
on each side. = OdoMidutm sjjeciosum, 
Brightwell, JMS. vii. p. 180, pi. 9. f. 8. 


Doubtful species, 

D. Surtrella = Drat/ilaria SurireUa, 
EM. pi. 39. 3. f. 64. Erustules largo, 
broadly linear, with rounded ends and 
marginal costjc. 

D. Baldjickii (Brightwell\ — Valve 
ovately rhomboidal ; costie anoiit 20 on 
each side, distinct, reaching nearly to 
the ends, but leaving a linear open space 
down the centre*. In a clay or i.*arthy 
deposit from Baldjick, Mr. Norman. = 
Odontidmm lialdjickiij Brightwell, 1. c, 
p. 180, pi. 9. f. 10. 


Genus STAXJllOSIllA (Eh.). — ‘‘ The form of this genus is that of qiwi- 
drangular Eragilaria) ; it is distinguished from the much larger forms of the 
allied genus Amphitetras by the absence of (pseudo-) ox)cnings at the four 
angles.” — EBBA. 1843, p, 45. The above is the only notice of this genus wo 
have met mth, the rosoinblance to Amj)hitctras is evidently very sliglit. 
From Ehrenberg’s figures, Staurosira seems to contain fomis allied to Odon- 
tidium and Fragilaria, which have the valve so inflated at tlie centre ns to 
appear 4-lobed. This character, however, is imciertain, since Professor Smith 
shows that the same species has the valve sometimes inflated, and sometimes 
constricted at the middle. 


STAunosmA corntruens (E.). — Very 
small, smooth ; valves spindle-shaped, 
with the produced angles somewhat un- 
equal. EM, several figurcjs. Asia, 
Africa, and America, (xv. 6.) 1-000". 

Compare with Dimereymmma Tahel-^ 
laria. 


S. amphiUpta (K.). — Minute, smooth, 
two of the produced iingl(‘s larger and 
more slender than the others. 

S. triffomjylUj Asia; S, Epuhndrinm^ 
Chili ; & MexicanUf Mexico ; S, trica- 
I'inata, Mexico. — TJiesc species (h]]iren- 
berg’s) are known to us only by name. 


Genus IITTAPHONEIH (E.). — Frustides simple, free or shortly stipitato : 
front view narrow linear ; valves much broader, with transverse dotted s trite 
and a median longitudinal line. Marine, llhaphonois differs from Cocconeis 
and Navicula by the absence of a central nodule. The frustulc has no alao ; 
its strhe are usually distinctly raoniliform and divergent, and its median lino 
more conspicuous than in Tryblionella. We htive not thought it desirable to 
separate Boryphora ; for jt is doubtful whether Kiitzing’s only species is even 
specifically distinct from some forms still retained by him in this gemus. 


Hhaphonkis Amphiceros (Ehr.). — 
Valves lanceolate, about three times 
as long as broad, with produced, styli- 
fomi apices, and fine, dotted transverse 
stria). ERBA. 1844, p. 87; M. t. 18. f. 
82. = Cocconeis Aniphicerosj E. 1840 ; 
Doryphora AmphiceroSy KB. p. 74 ; ISBD. 
i. pi. 24. f. 224. Marine. Europe and 
Ameiica. (xiv. 21.) 1-670". Stria) 18 
to 20 in 1-1200". Ends suddenly con- 
tracted and prolonged into a beak. 

R. Fusus (E.). — Valves slender, linear- 
lanceolate, usually four times as long as 
broad, with stylifomi apices, and 17 or 
18 lino, transverse, gi’auulated strias in 
I-I29O". ERBA. 1844, p. 87. Fossil. 
Viiginia. 1-720". Strongly akin in habit 
to Frayjkina AmphkeroSy but differs by 
its median suture. 


R. Leptoceros (E.). — Valves long 
lanceolate, quadrangular, rhomboid, three 
times as long ns broad, with long styli- 
form apices and fine, granulated trans- 
verse stria). ERBA. 1844, p. 87. =72. 
Oreyonica, EM. pi. 18. f. 83. Fossil. 
America. 1-720". Strias generally 18 
in 1-1200". Has the habit of 72. Aniphi- 
cerosy but with much longer beaks. 

R. yemmifera (E.). — Large ; valves 
elongated lanceolate, with long gradually 
attenuated apices, usually three times 
as long as broad ; striae strongly granu- 
lated, 10 in 1-1200". ERBA. 1844, p. 87. 
Fossil. Maryland. 1-300". 

R. pretiosa (E.). — Large ; valves 
bwadly lanceolate, rhomboid, generally 
twice as long as broad ; apices gradually 
attenuated into beaks; striae stout, grami- 



792 


SrSTESIATlC HISTOBY OF THE lEFUSOBTA. 


lar, like series of pearls. ERBA. 1844, 
p. 87. Fossil. Maryland. 1-480". Striao 
Jl in 1-1200". 

R. WwmbKs (E.I. — Sniall ; valves 
broadly lanceolate, rhomboid, sometimes 
suborbiciilar, scarcely longer than broad, 
with short rostrate apices and fine gra- 
nulated striao. ERBA. 1844, p. 87 ; M. 
pi. 13. f. 19. Cuxliaven, Virginia. 
1-1152" to 1-804". Strim 20 to 21 in 
1-1200". 

R. scalitris (E.). — Valves slender, 
acutely lanceolate, fiimialied with a 
double seiies of striio and window-like 
crystalline spaces. ERBA. 1844, p. 271. 
Fossil. Bennuda deposit. Diameter 
1 -900". Striao 9 in 1-1200". 

R. angiista (E.). — Valves elongate 
lanceolate, with obtuse apices, 24 striao 
in 1-1200", and no median smooth space. 
ERBA. 1844, p. 304. India. 

R. ianceolata (E.). — Valves rhomboid- 
lanceolate with obtuse apices, 21 striae 
in 1-200", and a linear-lanceolate median 
smooth space. ERBA. 1844, p. 304; 
M. pi. 34. 7, f. 13. India, China, and 
Japan. 

R. Imlica (E.). — Valves elliptic- 
lanceolate with obtuse apices, 15 striao 
in 1-1200", and a lincar-lanccolate 
median .space. ERBA. 1844, p. 305. 
India and J npan. 


R. fasciolata (E.), — Largo ; valves 
elliptic-lanceolate, twice as long as broad, 
with strong, finely granulated striae in 
transverse fasciao. E IIBA. 1844, p. 204 ; 
M. pi. 36 A. 22. f. 10. Antarctic Sea. 
Ehrenberg’s figure represents the valve as 
elliptic, with transverse band-like series 
of short longitudinal strije, alternating 
with smooth spactis, and interrupted by 
a smooth loiigitudiiial median line. 
(? Lower valve of a Oocconeia.) 

R. Svutdlmn (E.). — Valves elliptic, 
longer than broad, with 12 or 13 stout, 
crenulated striao in 1-1200". ERBA. 
1844, m 204 ; M. pi. 35 a. 1. f. 6. Ant- 
arctic Sea. 1-804". (i* Lower valve of 

a Cocconeis.) 

IX^fasciata (E.). — Microg. pi. 35 a. 9. 
f. 8. India. Valve elliptic, with broadly 
rounded ends, a median line, transverse 
fasciao of longitudinal lines alternating 
with smooth transverse bands, and two 
seric.s of marginal striie. (? Lower valve 
of a Cocconeis.) 

Species (bib.) hnown to us only by name, 

R. setuceay Sandwich Islands ; R. 
Eniomony Asia Minor; R. rhomhoides, 
Ganges; R. Oanyetieiiy Ganges; R. 
hevky India ; R. A fneanUy South Africa ; 
R. Diyitusy Demerara. 


Genus TRYBLIONELLA (S.). — ** Frustiiles simple, free, elliptical or 
linear; valves plain; aim subiuarginal or obsolete, canaliculi inconspicuous, 
parallel.” — Smith. Tryblionella is another genus se])arated from Surirella 
by Professor Smith, Avho says that it “ differs from Camiiylodi.scus in the more 
elongated form of its frustiiles and the absence of the bend in its valves ; the 
caniili(;uli are also more minute, and parallel rather than radiating. Tt agrees 
Avith Surirella in the presence of alai ; but these arise from the disk.” Mr. 
Roper considers that Tryblionella is distinguished 'from Surirella by its fine 
(often obsolete), parallel transverse striae ; whereas the Latter is furnished with 
canaliculi or costm, which arc more or less divergent. 


Tryulionklla circummta (B.). — 
Lateral view olliptic-obloiig, with a faint, 
longitudinal m(‘dian line (indi.'^tinct or 
obsolete), parallel transversts striie, and 
marginal gland-like dots ; ahe very 
shori. = Surirella eircumsnta^ Bailey, Mt). 
pi. 2. f. 3(5; T. Scutellumy SBD. i. p.35, 
pi. 10. f. 74. IMarine. America, Britain. 
Professor Bailey describes it as having 
a minutely granulate surface, and a 
scarcely perceptible median constriction. 

T. yracilis ( S.). — ^Front view linear, with 
attenuat(i extremities and truncate apices; 
lateral view linear-acuminate ; costas 

S arallel, extending to median line ; ala) 
istinct. SBD. i. p. 35, pi. 10. f. 75. Fresh 
and brackish waters. Lewes, (iv. 30.) 


T. naricuhiris (Brnb.). — Fi’ont view 
oblong, with truncate, slightly winged 
ends; lateral view elliptic-acuminate; 
costa) distinct, marginal ; al.*D con- 
spicuous. = Surirella namtnUariSy Breb. in 
KSA. p. 30 ; T, maryinatay SBD. i. 
p. i^^}y pi. 10. f. 70. Fresh and brackish 
Avaiers. France ; England. 

T. acuminata (S.). — Lateral view 
linear, Avith attenuated ends and delicate, 
interrupted transverse stria) ; alaj obso- 
lete ; canaliculi obscure. SBD. i. p. 30, 
pi. 10. f. 77. Marino and brackish 
Avaters. Britain. *0012" to -0021". 
Strim 31 in -001". (iv. 37.1 

T. nnyustata (S.).— ResemolesTl aaimk 
natn ; but its stria) are continuous. SBD. 
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p.tS6, pi. 30. f. 262. Frosh water. Eng:land. 
•0021" to -0040". Striae 36 in 001". 

T. hvidemis (S.). — Latei*alview linear, 
with subacute extremities ; costa) very 
distinct, parallel, extendin^^ to the cen- 
tral line. SBI). ii. p. 89. Brackish 
water. Cork City Pant. 

T. •punctata (S.). — Tjatoral view ellip- 
tic, 'with acuminate ends and parallel, 
transverse, monilifonu strife ; canaliculi 
obsolete. SBD. i. p. 36, pi. 30. f. 261. 
Marine. Sussex. 

T. comtricta (Greg.). — Lateral view 


panduriform, with apiculato ends and 
numerous, delicate, diagonal, punctated 
stria); costa obsolete. Greg, in MJ. 
iii. pi. 4. f. 13. Marine. Britain. Its 
form is that of CymatopJmra tSoleay but 
it is very much smaller.’’. — Greg. 

T. npiculata (Grt^g.). — Narrow, linear, 
slightly constrictiid in the middle, 'with 
apiculate extremities and about 4/5 fine 
but distinct, transverse, dotted strioo in 
•001". Greg, in MJ. v. p. 79, pi. 1. f. 
43. Scotland. *0015" to -0017''. Keel 
often strongly marked. 


Genus CYMATOPLEUllA (S.). — ^Frustules free, in front view linear, with 
undulated margins ; lateriilly broader, and marked with transverse bars. 
Aquatic. This genus, instituted by Smith, is very distinct, and may be 
recognized by the lateral surfaces projecting in the front view in an undu- 
lated manner, the central portion being separated from the undidations by a 
marginal row of dots. The lateral view is usually very much broader than 
the front, which often renders it difficult to obtain a sfitisfactory sight of the 
Latter. The lateral surfaces, however, sufficiently identify tlie genus, as the 
broad, transverse, shade-like bands or bai's which correspond with the undu- 
hitions are characteristic, l^he stria) arc generally obscure or obsolete, and 
the median longitudinal lino is less evident than in Siirirolla ; the margin 
is usually furnished with conspicuous gland-like dots. The undulations of 
the valves separate Cymfitopleura from Tryblionella and Suri rolla ; the absence 
of ahe and canaliculi are further characters which leave no room for hesita- 
tion as to its distinctness.” (Smith.) 


CYMAropiiFunA Sotea (Ihob., S.). — 
Frustiile elongate ; laterally paiiduri- 
fonn, with more or loss attenuatc<l ends, 
sometimes apiculated ; slrim delicate, 8 
in 1-1200". SMU). i. p. 30, f. 78, = Suriref/a 
Solcuj Breb. in KSA. p. 34; S, Librile, 
hi. ; Sphinctocyslis libnlis, Hass BA. 
p. 102, 3. Var. /3, ends apiculated, = 6^. 
apmdata^ S. 1. c. p. 37, i. 79. Gommon, 
Asia, Africa, Americji, Europe, (ix. 165 ; 
XVI. 9.) Frustulcs, in both views, iiicony 
times as long as broad ; undulations six. 
The cuds, in the lateral view are always 
attenuated ; but their apices vary, and are 
sometimes* obtuse, sometimes fu)iculate ; 
and therefore we concur with !M^ de Brd- 
bisson in uniting C. apiculatUy Smith, 
with this species. 

C. heterocyma (Nagcli). — Lateral 
view pifnduriform, with 16 marginal striae 
in 1-1200"; front view broadly linear, 
twice undulately twisted, with six mar- 
ginal folds. = Surirella heterocymaj KSA. 
p. 889. Switzerland. 1-240". 

C. eUiptica (Breb., S.). — Lateral view 
elliptic, with three to five transverse bars; 
ends, in general, slightly attenuated. 
SBD, p. 37, pi. 10. f. SurireUa oo- 
pheenttf E. (according to Kiitzing) ; S, 
imdulata, EM. ; S. undatay EM. ; S. pH- 


catuy EM. pi. 15 A. f. 50, 61?; 8. 
Kiitzinyiiy Perty, Diat. p. 201, t. 17. f. 2. 
Aqimtic. Asia, Africa, A merica, Europe, 
fix. 149; XVI. 7, 8.) Professor Kiitzing 
uescribes the frustuh's as ovate ; but wo 
have always found tlicm elliptic. Un- 
dulations three to five; lateral surfaces 
obscurely striated and furnished with 
marginal gland-like dots. Wo have re- 
ferred the Surirdla plicatuy E., to this 
spechis, because of its habitat, although 
its figure in the ‘ Microgeologie’ agrees 
better with that of C’. Ilibernica. 

C. Jlibarnica (S.). — I^ateral view 
broadly elliptic, with produced ends ; 
stria) obscure. SBD. i. p. 37, pi. 10. f. 
81. Ireland, Francje. Undulations about 
three ; length 1-370" to 1-220" ; breadth 
two-thirds the length. 

O. Iloyala (E.). — Lateral view lintyir, 
with cuneate ends and six transverse bars. 
^Surirdla Rvyukiy KB. t. 28. f. 30. ; C\ 
paralleldy Smith, BD. pi. 30. f. 263. 
Mexico, France, England. Habit and 
size of C. SohUy but not panduriform; 
pinnules 10 in 1-1200", nearly obsolete. 

C. Ocimi (Niigeli). — Lateral view 
broadly oval, with 8 marginal strim in 
l-120(y' ; front view broadly linear, 
straight ; margin with five marginal 
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folds. = Suriretta Ovum, Nageli in KSA. The characters given are insufficient to 
p. 889. Switzerland. 1-360" to 1-280". distinguish it from C, eUiptica, 


Genus SURTHELLA (Turp., E., S.). — Frustules simple, free; mar^ 
striated ; lateral surfaces broader than the front view, with a smooth median 
longitudinal line ; “ margins produced into ala), caiialiculi distinct, usually 
parallel” (Smith). Surii-clla thus limited by Professor Smith becomes a much 
more natural genus than it was constituted by preceding authors : he says, 
‘‘ It is well distinguished from TryblioneUa by the prominency of its alu), the 
distinctness of its canaliculi, and the usually cuneate form of its frustules ; 
with no other is it at all likely to be confounded.” 


* Frustules pmiduriform. 

SuiiiHKLLA comtricta (E.). — Largo, ! 
oblong, in lateral view pandurifomi, witli j 
a median line and intrainarginal crena- 
tions. EM. pi. 14. f. 37. Dmticida coti^ 
stricta, KB. t. 3. f. 02 ?. Aquatic. Berlin, 
(xiii. 3.) Ehrenberg’s figure in the ‘JMi- 
crogeologie’ seems a true species of this 
genus; and different as is that of Denticida 
coustricta in Kiilziiig’a work, yet, as it was 
copied from a figure given by Khrenberg 
in an earlier work, the dilferonces are pro- 
bably duo to the imperfect representation. 

S.' Smithii (K.). — Front view broadly 
linear, with trimeato ends and roundell 
angles; lateral view panduriform, with 
attenuated ends ; costm ddicate, rcjich- 
ing the median line, which is often in- i 
Hated. constricta, SBl). i. p. 31, pi. 8. i 
f. 59. Braedfish water. England. Ala) 
conspicuous, enclosing an oblong space. 
1-300". The shape, in front view, re- 
sembles that of -S', hiseriata, but the costa) 
arc much finer. 

S. Antarctica, EM. pi. 35 a. 2. f. 20. 
Antarctic Sea. We have seen no de- 
scription of this species. Elirenbcrg’s 
figure shows the lateral view panduri- 
form, with roundiid ends and strongly 
marked striic, which nearly reach tlm 
median line. 

S. didyma (K.). — Oblong, with trun- 
cate ends, constricted middle and punc- 
tated margins. KB. p. GO, t. 3. f. 07. 
Submarine waters. Isle of Waiigeroog. 
1-600". This appears to us a doubtful 
species of Siirirclla ; for Kiitzing’s figure 
seems to represent a frustule constricted 
in 'the front view, as it shows a linear 
median portion truncated at its ends. 

pamluriformis (Uab.). — llesembles 
S, didyma, but is stouter, and its mar- 
ginal dots appear stalked. liab. p. 29, 
t.3. f.9. Italy. 


few, reaching the median linc^ central 
ones divergent. SBD. pi. 9. f. 07. Aquatic. 
Australia, Asia, Africa, America, Britain, 
(xn. 19, 20.) CostiB 7 in 1-1200". 
1-288". The central costa) are usually 
more distant, leaving a transverse smooth 
space bisected by the median line. 
Smaller than S. hiseriata ; its costa) fewer 
and more divergimt. 

S. ^neyalojdera, EM. pi. 33. 1. f. 17. 
Egypt. The figure resembhjs that of 
S. Craticida ; but the costa) are all partil- 
lel, and the median line, as well as costjB, 
are inteminted at tlie centre by a broad, 
transverse oand. 

S. hiseriata (Brdb.). — Front view qua- 
drilateral, with conspicuous aim ; lateral 
view oblong-lanceolate, with broad costie, 
which usually rea(di the meditin line. 
SBD. i. p. 30, pi. 8. f. 57. = *'. hifromn, h]. 
Common, (xvr. 20 -20.) Difiem from 
6'. spletidida by its parallel sides in front 
view. Its angles are rounded, and the ala) 
enclose an oblong space; its costm are 
I conspicuous in both views. 1-210" to 
l-lOO". Stine 3J in 1-1200". 

S. decora (E.). — Large, linear-lanceo- 
lato, with equal, attenuated ends and 
four or fivd* marginal costa) in 1-200". 
EM. pi. 5. 3. f. 23. America, Ireland. 
Ehrenberg’s figures are oblong lanceo- 
late, one of them constricted. 

S. reJUixa (E.). — Lanceolate, with 
nearly equal, slightly'reflexed^ subacute 
ends, a distinct median suture, and strong, 
.short striae, in the middle three or four 
in 1-1152". EM. pi. 33. 11. f. 13. Fossil. 
Connecticut. 

S. kptoptcra (E.). — Lanceolate, with 
nearly equal, acute ends, a distinct, di- 
lated median suture, and dense trans- 
verse strijo, which in the middle are 
6 in 1-1162". KSA. p. 30. Fossil. 
! Oregon. A specimen 1-450" long pre- 
I sented 21 striae. 


2 * ’Lateral view Uinceolate or oblong, loith 
its ends usually eqrnlly attenuated. 

S. Craticida (E.). — Lanceolate; costae 


S. Oregonica (E.). — Spathiilate, with 
i unequal, subacute ends, a distinct, di- 
I lated median suture, and strong striae, 
; which in the middle are four or live in 
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1-1162". EM. pi. 33. 12. f. 2?. Fossil. 
Oregon. A specimen 1-336" long pre- 
sented 19 strisD. Ehrenberg’s figure is 
elliptic-lanceolate^ with a median line 
dilated at the centre into a large oval 
form ; the striro short and externally ter- 
minating in gland-like dots. 

S. turyidu (S.). — Elliptic-lanceolate, 
with tapering, sometimes contracted 
ends and obtuse apices ; costas few (4 in 
*001"), conspicuous, separated by a me- 
dian lanceolate space. SllD. i. p. 31, 
pi. 8. f. 69.=iS. Calcdonicaf EM. pi. 15 a. 
1. 47 ? Aquatic. Ireland. Distinguished 
by its ventricosc centre. 

S. obhnya (E.). — Oblong-lanceolate, 
with obtuse ends, near the margin si- 
nuoso-dentate. KSA. p. 36. Aquatic. 
Africa; America; Mounie deposit, Ire- 
land. Ehrenberg^s figures in the * Micro- 
geologie’ differ very much in form, but 
all have the costae confined to the 
margin. 

S. Ilreutelianu (Rab.). — Linear-elliptic, 
with rounded ends, five transverse costae 
on each side, connected at inner ends by 
an undulated line, and leaving a longi- 
tudinal median space with waved mar- 
gins. Rab D. p. t. 3. f. 13. Aquatic. 
Bt. Kitts. 

S. crmulata (E.). — Small, elliptic-lan- 
ceolate, with crenulate margins, subacute, 
nearly equal ends, and a distinct median 
lino; eleven crenulesiu 1-1152", extend- 
ing into striaj, which do not reach the 
centre. EM. pi. 33. f. 23. Fossil, United 
States. D. 1080". 

S. microcora (E.). — Minute, oblong- 
lanceolate, with somewhat acute apices, 
and marked near the margin with ten 
delicate dentations in 1-1 §00". EA. 
p. 136, t. 2. 1. f. 34; KB. t. 29. f. 16. 
Asia, Africa, America. 

S. h^ida (E.). — Slender, linear-lan- 
ceolate, one tma obtuse, the other a little 
more attenuated and subacute ; strife nine 
or ten in 1-1162" ; the median line di- 
stinctly fiexuose. ERBA. 1844, p. 272 ; 
KSA. p. 36. Kurdistan. 1-768". 

S. teneUa (K.). — Oblong-lanceolate, 
with rounded, obtuse apices, and five, 
ratlier*lax transverse stnso in 1-1200"; 
front view oblong, almost rectangular, 
with obtuse angles. KSA. p.37. Aquatic. 
Prussia. 

S. obtusanyula- (Rab.). — Small, lan- 
ceolate, with cuneate, attenuated, obtuse 
ends, and six short costae in 1-1200"; 
front view oblong, broadly rounded. Rab. 
p. 29, pi. 3. f. 27. Aquatic. Germany. 

S. Amphioxys (S.). — Elliptic-lanceo- 
late, with subacute extremities, and nine 


costae in *001" ; front view linear. SBD. 
ii. p. 88. Haverfordwest. 

S. anymta (K.). — Minute, linear, with 
cuneate ends, rather obtuse apices, and 
11 costae in 1-1200" ; alae obsolete ; front 
view linear, tnincate. KB. t. 30. f. 62; 
SBD. pi. 31. f. 260. Aquatic. Europe ; 
Lewes. 

S. apiculata (S.). — Elliptical, ovate, 
smaller extremity produced into a linear, 
truncate apiculiim; costae 16 in *001".” 
SBD. ii. p. 88. Aquatic. England. 
Length of frustule *0008" to *0012". A 
close ally, if not a variety, of S, anymta'' 
S. linearis (S.). — Minute, linear, with 
cuneate ends, distinct transverse costro, 
and a narrow median lino. SBD. i. pi. 8. 
f. 68“'. = & acuminata (Brdb. MS.). 
Aquatic. England, France. Var. ft 
slightly constricted at the middle, S. 
p. 8. f. 68®". In the front view this 
species resembles a small form of S. 
hiseriata. 

3* Lateral view with one end broadly 
rounded, the other smaller' (pt'ate or 
ovate-ohlony) ; f ront vieto usually cu- 
neate, 

S. rohusta (E.). — Large, elongated; 
ovate-oblong, with two stout costae 
(which do not roach the centre) in 
1-1200". EM. pi. 16 A. f. 43. S, nohUis, 
SBD. pi. 8. f. 63. Aquatic. Fossil. Fin- 
land; Britain. 1-216" to 1-120". Di- 
stinguished by its large size, elongated, 
slightly tfipering form, and largo intra- 
marginal crenations. 

S. proctra, EM. pi. 14. f. 33. Berlin. 
The figure represents a large speedes, 
slightly broader at one end, with large 
intramarginal crenations as in S, rohusta, 
but the strong transverse costce are sepa- 
rated only by a nan’ow median band. 

S. splendida (E., K.). — Front view 
cuneate, with rounded angles and pro- 
longed costfe ; lateral view ovate-oblong 
with conspicuous, diverging costas which 
reach the median lino ; alae distinct. 
EM. t. 16 a. f. 44; SBD. i. pi. 8. f.62. 
Aquatic. Common, both living and fossil, 
(ix. 160-162.) Var. i9. linearis, smaller, 
lateral view nan*ow, slightly tapering, = 
S. linearis, SBD. i. pi. 8. f. 68 a, 1-210" 
to 1-100". As the front view has rounded 
angles, it is not unlike the lateral one in 
outline, but the ends are broader. Two 
or three times as long as broad. 

S. tenera (Greg.). — Narrow linear- 
oblong, with one end more tapering than 
the other; costfe distinct, reaching the 
median line. GregMJ. iv. n. 10, pi. 1. 
f. 38. Scotland. It is smaller than S. 
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splendida, and its al«D are less conspi- 
cuous; but it resembles that species in 
form, aud we doubt whether it be 
distinct. 

S. striattda (Turp.). — Front view broad 
cuneate, with rounded anghis and short 
custm ; lateral view ovate, with distant, 
cuiTed oostte, which reacli the median 
line ; aim small. SBD. i. pi. 0. f. 64. 
Common. Resembles S. splmdiday but 
is shorter in proportion to its brcnidth. 
In tlie front view the central poi-tion is 
broader, the ends more tmneate, the 
costio shorter, and the alas less conspi- 
cuous. Lateral view faintly striated; 
striiB 8 to 16 in 1-1200". 

S. Umosa (Bai. MS. ?). — ^Broadly ovate 
acuminate, faintly punctato-striate ; ca- 
naliculi short and indistinct, not reach- 
ing more than 1-0" across the valve; 
length '0073'', breadth *00.35"; strijo in- 
distinct, 22 in *001. New Zealand, Ihid- 
son River, New York, Thames mud. 
Bri .IMS. vii. p. 170, pi. 0. f. 6. 

S. hriids (E.). — Short; form and size 
of S. striatuluy but with 10 liner striae in 
1-1200". ERBA. 1841, p. 272; KSA. 
p. 30. Kurdistan. 1-012". 

S. Testmlo (!<].). — Largo, ovatci, obtiLso, 
with 12 slender strim in its length, which 
is 1-288". E /.c. 1840, p. 24; KSA. 
p. 39. Mai-ine. 

S. Gemma (E.). — Front view narrow 
cuneate ; lateral view broader, ovate- 
elliptic, faintly striated between the de- 
licate, unequal Iv distant costic, which 
reach the median line ; aloe inconspi- 
cuous. KB. t. 7. f. 0 ; SBD. i, pi. 9. f. 05. 
Common in marine marshes, (x it, 2-4.) 
Distinguished from S. striatula by its 
much liner costae and less conspicuous 
aljB, which in the lateral view generally 
coincide with the margins. Sometimes I 
nearly elliptic. We have rarely seen it 
so narrow as Professor Smith’s figure 
represents it. 

S. IcBvigata (E.). — Elongated, smooth, 
with subequal, obtuse ends, a distinct 
median suture, and two longitudinal 
lateral lines. KSA. p. 30 ; EM. t. 33. 14. 
f. 24. Fossil. United States. 1-108". 
Ehrenberg’s figure in the ^Microgeologie’ 
is ovate, with a median line, lax intra- 
marginal crenations, aud very short 
costie. 

S. Guatimahnsisy EM. pi. 33. 0. f. 7. 
America. Figure broadly ovate, with 
both ends much roundtid, and minute 
intramarginal crenations, without me- 
dian lino or costae. 

S. iehthyocephaln (Rab.). — I^arge, 
ovate-oblong, with rounded ends, three 


broad, flexuose costsa in 1-1200'’ and a 
broad linear median band. Rab D. p. 30, 
pi. 10, Supp. f. 0. Italy. The figure 
shows the costae curved, except the 
middle one, which is broader and 
straight. 

S. cordata (E.). — Ovate-subcordate, 
with four lax strim in 1-1152", conti- 
guous in the median line. ERBA. 1845, 
p. 272 ; KSA. p. 39. Fossil. Georgia. 

S. prcBtexta (E.). — Long ovate, more 
than twice as long as broad, with five 
rather lax strim in 1-1252", towards the 
middle broadly interrupttid and not con- 
tiguous in the median line, hence form- 
ing four series with a broad linear me- 
dian space and two smooth latcu'al ones. 
Maritime. India. ERBA. 1845, p. 306 ; 
KSA. p.38. 

S. euglypta^K,). — Small, ovate-oblong, 
with seven striiB in 1-1200", which do 
not reach the centre ; front view cuneate, 
with rounded angles at larger end. EA. 
p. 130, t. 3. 6. f. 2. 4; KB. t. 28. f. 27. 
Asia, Africa, Anuirica. 

S. tininerris — Small, ovate, half 

as long again as broad; costm reticu- 
lated at the margin, contiguous at the 
slender median line, 7 in 1-1152". KSA. 
p. 38. Maritime. India, Africa. 

S. Folium (E.). — Ovate, turgid and 
obtuse, slightly compressed, with 24 line 
strim in 1-1150". Fossil. Barbadoes. 
1-540". 

S. Ontmma (Brt^,b.). — Small, orbicular 
ovate, with 7 or 8 evident marginal 
striae in 1-1200". KSA. p. 38. Aquatic. 
France, Britain. Its suborbicular form 
in lateral view distinguishes it from 
every other species except S. lirty/U- 
wclhi. , 

S. linyhtweUii (S.). — Small, suborbi- 
cular, with one end subacute; costae 
distinct, marginal, 10 in *001"; also in- 
conspicuous. SBD. i. p. 33, pi. 0. f. GO. 
Britain. Acconling to Professor Smith, 
this species is distinguished from S. Cru- 
mena by its coarser and more jirominent 
costie and distinct striaj ; Crumemi is 
also smaller and more orbicidar. 

S. ox'olis (Breb.). — Small, ovate-elliptic, 
with 8 marginal costae in 1-1206", and 
one end more attenuated than the other ; 
alae inconspicuous. KSA. p. 33 ; SBD. 
pi. 9. f. 68. Aquatic. France, Britaim 
Front view oblong-cuneate, truncate. 
1-300" to 1-280". Margin with very 
short, teeth-like costae. The larger end 
in lateral view is less rounded than in 
the allied species. 

S. ovala ( K. ). — Minute ovate, or ovatc- 
ellipti<% with 7 to 0 delicate, very shoi*t. 
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marginal costm in 1-1200"; alin incon- 
spicuous. KB. pi. 7. f. 1-4 ; SBD. pi. 9. 
f. 70. Europe, America. Front view 
broadly cuneato, truncate. 1-1200" to 
1-600." 

S. minuta (Br^b.). — Minute, ovate- 
elliptic, with inconspicuous aim and 14 
marginal costie in *001", SBl). i. p. 34, 
pi. 9. f. 73. France, England. -OOlfe" to 
*0001)". KiUzing unites tliis form with 
j& ovata\ but M. de Brilbisson informs 
us that he is able to distinguish the two 
spccitjs when in situ at tlie first glance ; 
that tlio stratum of this species is black 
and very mobile, whilst that of S. ovata 
is brown, and adheres more firndy to 
th(i soil. 

S. salina (S.). — Minute, ovate-oblong, 
with numerous minute marginal costm 
and obsolete ala*.. SBl). i. p. 34, pi. 9. 
f. 71. Marine or brackish watera. Eng- 
land. l^Vont view wedge-shaped. 

8. subsatm (8.). — Minute, ovate-lan- 
ceolate, with 8 distinct costm and 30 
striie ill 1-1200"; aim conspicuous. SBl). 
i. p. 34, pi. 31. f. 2r}9. = S. pi/fjmcfia, EM. 
pi. 35 A 8. f. 4 ? Fresh or brackish 
waters. England. 

8. pinnata (8,). — Minute, narrow, 
ovate-oblong or sonitnvhat (davato, with 
large, subdislant margiiud costm ; aim 
obsolete. SBl). i. p. 34, pi. 9. f. 72. 
Aquatic. liCW’OS. Front view naiTow 
cuncate. 

4* Lateral view with broadly rounded, 
rarely unequal, ends. 

8. Lamella (!].). — Large, naiTOw 
elliptic, with nearly equal, broadly 
rounded ends; intramarginal slrim and 
gi’anulose median area ; front view nar- 
row linear, truncated. 10^1. pi. 15 a. 
f. 49. Lough Moiinie deposit. 1-210" 
to 1-180". Ehrenberg’s figure has no 
median line. 

S.XeV«o;Aitf(E.).— Narrow elliptic, with 
broadly roundea (mds, a narrow margin 
of fine stiim, and a smooth median urea 
with a median longitudinal line. EM. 
pi. 33. 14. f. 25. Maritime. India. Three 
times as long as broad. 

8. Patella (K.). — Elliptic-oblong, with 
equal, rounded ends, and four or five mar- 
ginal strim in 1-1200". KB. t. 7. f. 6, 
Fossil at Franzensbad. 

S. Peruviamt (h].). — Large, elliptic- 
oblong, with equal, rounded ends, and 
about 12 very short, obsolete, marginal 
costm in 1-1200". KB. t. 29. f. 72. Teiii. 

S. amjjdiiajnhlya, EM. pi. 14. f. 34. 
Berlin. The figure shows a large elliptic 
foim with equal, rounded ends, intra-’ 


marginal crenations, and strong, parallel, 
transverse costm, which do not quite 
reach the median lino. 

S. Mississipica, EM. pi. 35 a. 8. f. 5. 
America. Ehrenberg’s figm’e is large, 
eillptic-obloug, with equal, rounded ends, 
and parallel transverse costm, separated 
by a naiTOw linear, longitudinal median 
baud. 

5 * Lateral view with rounded etids ; cosUe 
with dilated outer portion, and median 
space finely striated. 

8. fastuosa (E.). — Elliptic, wdth 
rounded ends, rather distant costm, in- 
flated towards the margin, and a trans- 
versely striat(?d, lanceolate median space. 
GregMJ. hi. p. 30, pi. 4. f. 41. Mai-ine. 
Common. Europe, Asia, Africa, Ame- 
rica. Distinguished from all the pre- 
ceding siiecies by its inflated cost.-e re- 
sembling stalked flowers, and by the 
striated median space, which is very 
variable in bread tli. Differs mucli in 
size, and is sometimes nearly orbicular; 
we have never seen it ovate, as described 
by Professor 8mith. 

S. lata (8.). — Jjarge, broadly linear- 
elliptic or somewhat panduriform, with 
broadly rounded ends, a transversely 
striated median area, and distant costm 
externallv dilat(?d. SBD. i. p. 31, pi. 9. 
f. 01. = (Jampyhdvtmts produetus, .John- 
ston. Marine. Not uncommon. England. 
Differs from 6"'. fastuosa in its form, and 
usually in its larger size ; but tlie mark- 
ings are similar in both. As Professor 
Gregory finds intennediate statiis, they 
may be, as he supposes, mere varieties. 

8. exiniia (Grev\). — Linear-oblong 
with rounded ends, about 18 delicate 
costm on each side, reaching the nan’ow 
linear-laiKieolate, transversely striated 
median space. Grev^MJ. v. p. 10, pi. 3. 
f. 0. Marine. AVest Indies. This ex- 
tremely delicate and hyaline Diatom, 
Dr. Greville informs us, approaches S. 
lata in form, slight constriction, and a 
striated central space, but differs in every 
other respect. The costm equidistant, 
and as tine os those Otis'. Gemma) aim 
nari’ow', but conspicuous. 

Douhtfid or undescribed Species. 

S. ? Cocconeis, EM. pi. 36 a. 8. f. 3. 
Marine. India, Africa. I’liis species, 
according to the figure, is small, elliptic, 
with obtuse ends, and parallel transverse 
costm separated by a smooth, niirrow'- 
lanceolate median space. 

S. Jenneri (IJassall). — Front view 
linear, with rounded ends, and distant, 
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short, teeth-like marginal costaa. Hass. S. IwUtpia (E.). — Stvliform, four times 
Br. Algas, p. 4^39, pi. 102. f. 15. Aquatic, as long as broad, with obtuse ends and 
Sussex. Hr. Hassall describes it as a no median line ; the narrow mar^n finely 
very distinct species, having no relation striated. KSA. p. 36. Maritime. India, 
with S. hiseriata. 1-360". 

S. awhigua (K.). — Broadly oblong, S. PZwjea (E.). — Bacillar, stout, ono 
with truncated ends, and 4 straight, ob^- side cuneate at each end, the other 
soleto, rather broad transverse stria) in rounded, finely transversely striated 
1-1200". KB. t. 6. f. 17. Stagnant waters, throughout. ERBA. 1843, p. 271. Ne- 
Switzerland. 1-264". Kiitzing’s figure therlands. 1-240". 
apparently represents the front view, and S. ASSfy/ws (E.). — Large, styliform and 
is broadly linear, with obscure transverse narrow, quadrangular; one end more 
cost®, leaving a nari’ow median portion, obtuse than the other, but neither acute ; 

S. /fl?m (K.). — Cylindrical, elliptic- costa 54 in 1-144". ERBA. 184i3, p. 271. 
lanceolate, somewhat obtuse, very smooth N ear W eimor. 1-144". 
and hyaline. KSA. p.36. Marine. France. S. rhopakiy EM. pi. 33. 1. f. 19. Egypt. 
l-108b". Ehrenberg’s figures show the front view 

S. attemiata (^ag.). — Smooth, linear- large, longly cuneate with rounded ends, 
lanceolate, witli gradually attenuated and numerous fine transverse stri® at 
apic()S. KSA. p. 889. Switzerland, each side, separated by a narrow smooth 

1-240". I'erhaps a Tryblionella P median portion with two puncta at each 

S. ? ornata (K.). — Elongate, pestle- end. 
shaped, truncatt) at (iach end, with obtuse S. aspera (E.). — Large, with four or 
angles, longitudinally dividuate, and or- five loosely disposed cost® in 1-1152", 
n amen ted with minute puncta disposed with rough crests. KSA. p. 39.^ Volcanic 
in decussating lines. KB. t. 3. f. 54. earth, Hochsimmer on the Rhino. This 
Marine. Genoa. Length 1-280" ; breadth species, named from a fragment, Plhren- 
1-960". Kiitzing’s figiu*e is linear-oblong berg states is perhaps a (Jampylodiscus. 
with truncate ends, and seems to repre- S. Australis (E.). — A fragment of a 
sent the front view, in which the striated linear species with six, straight trans- 
lateral portions approach so closely at verse stri® in 1-1200". Africa. Another 
the centre that the smooth median por- species constituted by Ehrenberg’s ob- 
tion is visible only near the ends. Surely jectionable practice of naming isolated 
this is not a Surirella ? fragments. 

S. ? Amphihola (E.). — Broadly linear, o. ? lamproph%jlla(^.')y S. Uralensis(E.), 
with cuneate, subacute ends, and 15 stri® Ural Mountains; S. Sibu'wa (E.), Sibe- 
iii 1-200"; front view with obtuse ends, ria; S. ? curvuUi (E.), India, Mexico; S. 
FUM3A. 1854, p. 271. Kitrdistan. 1-324". (E.), Maritime : India, Africa ; S. 

Has the general foi-m of TryhlioneUa (E.), Nicobar; /S'. (E.), 

JRegida, Ehrenberg remarks that he is Egypt ; S. Zamheze (E.), River Zambeze ; 
not sure to what gemus this belongs ; he 8, IHatalea (JE.), Senegal ; 8. Caffra (E.), 
has sometimes fancied there was an um- 8. Capemis (E.), 8. clathrnla (E.), Cape 
bilicus, as in IMnnularia, but its equal of Good Hope; 8, Falklamlica (1^; 8, 
transverse stri® on each side render its Jl/c/wmc/tm(E.),&/wsw/rtrM?n (E.), Falk- 
form singular. land Islands ; 8. Aruucania (E.), Araii- 

S. 8icula (E.). — Smooth, broadly na- cania; 8. am 2 )hic€ntra,(E.), 8. holosticha 
vicular, with subacute ends and longi- (E.), 8. insecta (E.), 8. leptoUra (E.), 
tiidinal marginal lines. EM. pi. 22. f. 68. 8, Polyodon (£.), Mexico. 

Fossil. Sicily. 1-628". 

Genus CAMPYLODISCUS (E., Men.). — Valves equidistant, fnistules soli- 
tary, disciform; disk tortuous or saddle-shaped, rotundato-clliptic, costato, 
cost® mostly radiate. Campylodiscus has the lateral surfaces still more 
developed than they are in the Melosirc®, whilst the central or interstitial 
portion is reduced to a narrow ring, — a circumstance which renders it very 
difficult to obtain a satisfactory front view. In these respects it approaches 
the Coscinodiscc®. Kiitzing referred to Surirella several species now placed 
in this genua. Mcneghini suggested their removal to Campylodiscus, in these 
terms — “ One really is at a loss to find the motive that could induce Kiitzing 
to separate this gcnerically from Campylodiscus ; ’’ and Professor Smith has, 
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we consider judiciously, adopted that suggestion. “The species included 
under this genus may all be recognized by the characteristic bend or con- 
tortion of their surfaces.” — Sm. Cocconeis differs in its small size and cen- 
tral nodule. 


* Disc circular y or nearly so, tvith a single 
series of marginal costce, 

t Costso all radiant, forming a marginal 
circle. 

Campylodiscus Horologium (Wil- 
liamson). — Disc nearly Hat, with a mar- 
ginal circle of niimorons (about 50) emial, 
radiating costte, having a circle of close, 
veiy short and hne striai at its inner, and 
another at its outer edge, and enidosing 
a large, central, orbicular, smooth spac(i. 
SDl). pi. G. f. 51. Marino. Scotland. 
1'he costa) are proportionally shortcjr in 
this large species than in most others, 
and occupy about one-third of the radius. 

C. limbatas (Hreb.). — Disc with a mar- 
ginal circle of short costae, continued by 
an inner fainter circle of monilifomi lines, 
gradually lost in an indefinite, smooth 
central space. J U ). p. 12. f. 1 ; GDC. p. ;32, 
pi. G. f. 55. IMarine. Franco, Scotland. 
“ Distinguished from (7. Horologium bv 
its finer costa) and granulated disc,^* 
Dreb. Costjo brojul, transvei’sely sili- 
cate, so as to appear on close inspection 
almost monilifomi. Within this mar- 
ginal band is another fainter band, which 
looks almost like the rellecdion in a mir- 
ror of the first, except that the bars are 
more dirc^ctly inoniliform,” Greg. This 
spe(?i(is might be placed with almost equal 
propriety in the section with double series 
of costa). 

0. imperialis (Grev.). — ^,Cost® 3 in 
*001", forming a magnificent band, ac- 
companied at base by short bifid seg- 
ments; central area broadly elliptical, 
furnished with narrow, transverse, mo- 
niliform stria), interrupted by a median 
blank line. Gr TMS. viii. p. 30, pi. 1. 
f. 3. New Providence. In general ap- 
pearance resembles C. limhatusj Breb. 
but diflers materially from that Diatom 
on a c^loser examination. Grev. 

C. Kittmianm (Gr.). — CostJB elon- 
gated, transversely striated for two-thirds 
of their length. Gr TMS. viii. p. 32, 
pi. 1. f. 7. West Indies. Central space 
tumished with a median bar, as in C'. wo- 
iatusy only less conspicuous, Grev. 

C. stellatus (Gr.). — Valve orbicular, 
with a naiTow marginal band of close, 
short costae, an inner circle of dotted 
lines, and a central space marked with 
irregular radiating lines. Gr MJ. vii. 



C. radiosus (M.). — Disc subcircular, 
small, with smooth or obscurely punctate 
centre, and border of about seventy 
closely-set, radiating costae. KSA. t. 28. 
f. 12. Fossil. Vera Cruz. Upper Pe- 
ruvian guano. We have noticed a Cam- 
pylodiscus in Bolivian guano, and sup- 
posed it to bo this species. The costae 
are numerous, radiating, and unequal, 
enclosing a quadrilateral, obsoletely 
punctate central space, divided by a 
median hyaline line, and having at its 
angles 3-4 converging costa). 

C. rulcanius (E.). — Disc largo, sub- 
orbicular, flexuose, with about 42 mar- 
ginal rays, and smooth centre. KSA. 
p. 33. teru. 

C. hieruciaius (Greg.). — Disc circular, 
with a square median space occupied by 
crossed strife, and prolonged to margin 
by four pairs of tapering, trnnsvtjrsely 
striate pro(!esses in fi crucial manner, each 
interval ivith four strong radiant costa). 
Greg MT. v. p. 78, pi. 1. f. 42. Marine. 
Glenshira, Scotland. A veiy peculiar 
species, but difficult to describe. The 
square centre is lattice-like, and itself 
obscurely subdivided into siiuillor qua- 
drate portions ; from it proceed to the 
margin, in a crucial manner, four pairs 
of conical prolongations; the inteiwals 
between the pairs are occupied by strong 
rays, which, together with the striated 
prolongations, are connected within the 
margin in a scolloped manner. 

2 1 Disc more or less evidently divided 

into lateral portions by a median lino 

or band ; costa) imperfectly radiant. 

0. Hihernicus (E.). — Disc tortuous, 
with numerous (30 to 40) continuous, 
imperfectly-radiant costa), enclosing an 
irregularly shaped, minutely punctated 
central space. EM. pi. 15 a. t. 9. = C. pos- 
<«te,SBD. i. pl.G. f.52. Aquatic. Britain, 
(iv. 38.) The costa) are loosely disposed 
(4 in 1-1152"), slightly rough from mi- 
nute granules, and extend in length about 
half the radius. Their radiant arrange- 
ment is somewhat imperfect, from the 
convergence of two or more at each end. 
Mr. Norman has gathered this species 
very pure near Ilull. 

O. Noriens (E.). — Disc suborbicular. 
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tortuous, gradually smooth in the cen- lino is visible, but is very delicate 

tre ; costae numerous, continuous, their The surface of the valve, both above and 


crest acute. KSA. p. 33. Aquatic. 
Asia; Solzborg. Fossil at San Fiore. 
R^s 7 in 1-1162". D. 432". 

C. Kutzingii(li,'), — Disc saddle-shaped, 
broadly margined, mai*ked with about 
60 transverse, continuous, curved sulci. 
n. in Proc. Acad. l*hil. 1863. Philippine 
Islands. 

C. Ralfsii (S.). — Disc small, subcir- 
cular, bent; costae transverse, reaching 
the median line. SBD. i. p. 30, pi. 30. 
f. 267. Marine. Britain. The costae of 
one side are divided from tliose of the 
other by a longitudinal median line. 

C. Nonnanicm (Gr.^. — Costfo 3 to 4 in 
•001", imperfectly radiant, passing across 
a linear-oblong central depression to the 
narrow median blank line. Gr TMS. 
viii. p. 20, pi. 1. f. 1. West Indies. 

C. notatm (Gr.). — Costae numerous, 
about 12 in ‘001", in length more than 
half the radius ; central space oval, with 
a median thick bar dilated at each end. 
Gr TMS. viii. p. 31, pi. 1. f. 4. Shell- 
cleanings. Distinguislied by the mark- 
ings of the centre, which Air. Norman 
aptly compares to the figure of a dumb- 
bell,' Gr. 

C.decorus (Brdb.). — Disccir(!ular, bent, 
with a simple series of long, arcuate costae, 
and a smootli, narrow-lanceolate median 
space. BDC. p. 13. f. 2. = e. lialfm? 
GDC. p. 30, pi. 3. f. 62. Marine. France, 
Britain. ** This species is very elegant. 
Its costae are, with the exception of 
one or two centnil, all cui*ved towards 
the ends,” Breb. The following re- 
marks are from Dr. (Gregory’s paper: — 
“ 1 have refeiTcd it to C. lialfsii, 8., al- 
though it is much larger than the fonn 
figured by him, and although there are 
other dilferences. Thus in C. Ralfsii the 
canaliculi reach the median line, and the 
row of heads or expansions lie some di- 
stance from the margin. But these dif- 
ferences cannot be regarded as suecihc.” 

C. angularis (Greg .). — Disc suborbicu- 
lar ; costae ver^ numerous (100 or more) 
and unequal, impei'fectly radiant, form- 
ing. a simple marginal band, and divided 
into two sets by prolongations of the 
large, oval central smooth space. GDC. 

30, t. 3. f. 63. Loch Fine, Scotland. 

amed from the angular bending back 
of the valves. The costas are longest at 
the middle of each side; and, as in O. 
ihcorm, all except the central ones are 
curved, with the cones vity towards the 
ends, and become also gradually smaller 
on approaching them. A true median 


below — that is, near both ends of the 
median line — ^is suddenly bent back, ’so 
as to form an angle with the rest of the 
valve. On the surface thus bent, short 
lines appear between the costae,” Greg. 
Distinguished from C. deconis by its more 
numerous costm, oval central space, and 
extensions of the latter separating the 
costto into two sets. 

C. Ilodgsomt (S.). — ^Disc subcircular, 
bent, with a marginal sei-ies of very nu- 
merous (100 or upwards) impei*fe(^tly- 
radiating costto ; the central space with 
transverse rows of dots divided bj a 
narrow median smooth line. SBD. i. p. 
29, pi. G. f. 63. Marinis. Bri^m. ** The 
smooth median line is foi*med"^ a ridge 
and two continuous furrows passing 
acu*oas the valve,” Smith. Tlio costto 
near the eiidwS converge. Mr. Roper iiiids 
the dots vary greatly m number, distinct- 
ness, and tirrangiiment, especitilly in the 
larger specimens, tuid on this ac(;ouiit 
considers C. eximim not distinct from it. 

C. concinnm (Grev.). — Costm 6 in 
*001", radiant, forming a narrow mar- 
ginal band ; central aniti oval, furnished 
with numerous transverse moniliform 
stria;, interrupted by a mt;ditiu blank line. 
= C.mnvffinatuSy .Tohnst. inM.T. viii. p. 13, 
pi. 1, f. li; GrTMS. viii. p. 8, f. 2. Shell- 
scrapings. New Providence. Ctdifomian 
guano. 

0. eximius (Greg.). — Disc subcircular, 
bent ; costoe strong, very numerous (often 
160), rather short, in a single marginal 
subrtidiating circle, enclosing a large hya- 
line space, fiu’nished with scattered gra- 
nules and a,. median line. GDC. p. 31^ 
pi. 3. f. 64. Marine. Loch Fine, Scot- 
land. The costm of C. vximius, like those 
of C. Hmlgsoniiy are rendered imperfectly 
radiant by the convergence of those near 
the end of the median line or raphe. 
C. eximim diilers from that species in its 
less conspicuous and scattered granules, 
invisible except when highly magnified. 
Mr. Roper, however, may be right in re- 
garding it as a variety of C. Ilodgsoniiy 
since Professor Gregory himself states 
that the granules in some instances 
show faint traces of a linear arrangement 
close to the marginal band.” 

2 * Disc circular or subcircular, with a * 
double concentric series of costce. 

C. centralis (Greg.). — Disc with about 
forty, equal i^iating costm, leaving a 
small umbilical space ; the costae conti- 
nuous, but divided into two series by a 
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shade-like band, the inner series fainter. 
GDC; p. 30, pi. 3. f. 61. Marino. Loch 
Fine, Scotland. Professor Gregory siip- 
oses that the appearance of a line which 
ivides the costa is caused by a ridge. 

C. femstratm (Grov.). — Disc circular, 
with marginal radiating costm divided 
by a line into two series, the inner one 
fainter and enclosing a central spacte 
occupied by four lattice-like sculptures 
formed by thretj or four bars crossing 
each other at righ t angles. Grev. in Mj. 
V. p. 0, pi. 3. f. 4. Marine. West Tiidies. 
'I'he continuous costre are divided, as in 
C. centralis, by a line into two concentric 
series. A species distinguished by the 
four remarkable sculptures, exactly re- 
sembling square windows in miniature, 
the bars sharp and slender, and the panes 
actually appearing as if they transmitted 
light, ”‘Gr. 

C. Ecch‘sianus ((Trev.). — Disc subcir- 
cular, with a border of two concentric 
seri(is of very short, radiating costae, or 
narrow-oblong cellules j centrtil space 
with two rows of transverse broad bars, 
separated by a median lirn^, from ea(?h 
end of which proceeds a semicircle of fine 
strije. Or. 1. c. p. 10, pi. 3. f. 5. Marine. 
West lndit«9. “Similar in size to the 
last, but somewhat more contorted, so 
that when one portion of the valve is in 
focus, the details of the nmiaining por- 
tion are less visible. Tlie valve is con- 
cave ; the (ientral portion, occupied by the 
two rows of bars, is nearly Hat ; but on 
each side of the rows, and at their termi- 
nation, the disc is inflated, the lateral 
indalions being uiisculptured, the ter- 
minal ones striated,” Grev. 

C. hicoslatns (S.b — Disc suborbicular, 
saddle-shaped, witfi from twenty to forty 
unequal radiating cosue, interrupted so 
ns to form two concentric series, enclos- 
ing an oblong, smooth central space. 
Ko. in MT. ii. pi. e. f. 4; SBD. ii. p. 88. 
Thames; Norfolk. Diam. about 1-384". 
Oostaa distinct, their length, at sides, 
about half the radius, at the ends much 
shorter. Inner series less distinct. 

C. Clypms (E.). — Disc suborbicular ; 
rays ilnmerous {40 to 100), radiating, 
partially interrupted, and forming two 
incomplete concxuitric series ; the large 
punctated central space divided by a 
median smooth line. EM. pi. 10. 1. f. I ; 
SBD. ii. p. 88. In fresh and brackish 
\yaters ; also fossil. Asia, Afidca, Ame- 
rica, Europe, England. Original draw- 
ings of this elegant species are given in 
xvu. 616, /H8. Diam. 1-676" to 1-216". 
Costae punctated, continuous at the ends, 


but interrupted at the sides, where they 
form two series. Tq. the central space 
are two oblong sculptured portions, sepa- 
rated by the smooth iiK'dian liin*. 

C. Remora (E.). — Disc suborbicular, 
tortuous, with interrupted rays and a 
smooth centre. KSA. p. 33. Marine. 
Baltic. 1). 480”. 

C. martfinatas (E.). — Disc small, in 
the middle smooth, subscabroiis, fur- 
nished ill the margin with a double 
aeries of ct;llul(?s, the external flue, the 
inner larger, evidmit, closed at lh(» oppo- 
site ends, opeii and radiated in the mid- 
dle. KSA. p. 33. Maritinie. King’s 
Island, India, Ceylon. 

C. fastuosa (E.). — Disc suborbicular, 
curved ; costo) subdistant, continuous, 
divided into two conctmtric series, the 
outer inflated, inner shorter, stalk-like, 
enclosing a finely and transversely stri- 
ated central space. KSA. p. 33." = V. 
Thurcti, BDC. pi. 1. f. 41 ; C. simnfans, 
GrevMJ. v. pi. I, f. 41. Marine. Asia, 
France, England. C. fastuosa is easily di- 
stinguished from every preceding species, 
except C. muryinatiis, by its finely striate 
central space and the pi‘culiar appearance 
of its costie, which are divided by a lino 
into two parts, compared by Frofessor 
Gregory to a lotus- flower on a stalk. Pro- 
fessors Kiilzing and Gregory note its re- 
semblance to Surirclla jfasluosa ; we be.- 
licjve it, however, quite distinct, as, in 
addition to its cininlar and bent form, tliii 
ceutralstria) are liner and more numerous. 
C. fastnosa varies consitlorably in size, 
anti in the comparative breadth of tho 
central portion, which is sometimes a 
mere line, at others lanceolate, or even 
oval. The cost® are either interrupted 
by the prolongation i)f the central por- 
tion to the margin, or continued all 
round. 

C. amhiytms (Gr.). — Disc siiborbicu- 
lar ; cost® distant, reaching nearly to the 
centre, partially interrupted at the mid- 
dle ; in tho centre an oblong depression, 
within which is a short, linear-elliptical 
blank line. Jamaica, Port Natal. Gr 
MT. viii. p. 31, pi. 1. f. 6.= C latus, Sh 
MT. ii. pi. 1. f. PI. 

C. parvulus (S.). — Disc subcircular, 
minute; cost® few (about twelve), in 
length about two-thirds of radius; central 
space obscurely striated. SBD. i. p. 30, 
pi. 6. f. 66. England, (xv.22,23.) We 
have found this form generally ae.com- 
panyiiig C. fastuosa. Like that species, 
it is sometimes oblong, and probably is 
only a small variety. It is usually much 
bent, and is the smallest species known. 

TO 
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* Disc siihcirctilxtrf with radiating svrws 
of gramdcs or perforation-like dots, 
Coronia (Dhr,). 

C. Echeneis (E.). — Disc bent, with nii- 
morous im'j^iilarly radiatiiij^ series of 
conspicuous dots, beconiiu*^ fewer and 
more scattered near the centre. KSA. 
p. ;U. = a Argm, DjMO. pi. 2. f. 24, 25 ; 
L\ cribrosns, SlU). pi. 7. f. 65. IMariiio. 
Ani(*rica,hhirope,Eii<rland. Diani. 1-288". 
I'he cosine are nearly obsolete, and con- 
fiiK'd to the marj^in. AVe n‘fer C. Argus 
to this species upon the autliority of our 
hnmaited friend the lute Professor Raih'y. 

(\ diplostivtm (Nonnan). — Disc with 
conspicuous marginal, inoniliform, radi- 
atinj^ lines, alternate ones sliortiu*, and a 
largt*, siibolliptic, central bhuik space. 

( J rev TM S. viii. p. 1, pi. 1 . f. 0. Australia. 
The (‘ellules of the striae are linear-ob- 
lon; 2 r, and, bein<^ marked lonoitndinally 
by a faint lim*, appear doubled. 

*0. hvUophihis (E.). — Disc small, snb- 
orbicnlar, including in tluj broad and 
smooth median area a quadrate series of 
granules, similar s(iries of granules being 
radialely disposed in the broad margin, 
and in a double concentric order; the 
external rays simple, tin? inner ones 
binary. KS^V. p. il^i. Maritime. India, I 
China. The proper ari’angcunent of this I 
and the next speci(?s is doubtfid. 

( -. Indicas (11). — Disc large, witli a 
.subquadratf*, smooth, nn dian ai'ca, and a 
V('ry broad margin foniu'd of line and i 
dense radiating senies of granules in a 
double concentric order. KSA. p. iJJl. 
.Maritinu*. King’s Island, India. 

Var. fi. Concentric rays continuous. 
Var. y. Concentric rays interrupted. 

i * iJisc Huhcireidarj with a narrow, me- 
dian, pervious, smooth band, and trans- 
verse lateral strife. 

C. ? striatus (E.). — Disc 'with two series 
of about 1.4 transvtu’se strife on each shh; 
of the median line. EA. iii. pi. 7. f. 1.4; 
KD. pi. 28. f. 11 ; Dri MJ. vii. p. 70, pi. 0. 
f. 4. Fossil. Vc'ra Cruz. 


5 * Frmtules in lateral view not circular, 

C. Sarirella (E.). — Disc large, flexuose> 
oblong; the middle broad and smooth, 
the margin narrower, with radiating 
strho. KSA. p. 83. Aquatic. Spain. 

C. orutiis. — Disc cur\'ed, large, ovate, 
obtuse, with nine very broad pinna in 
1-270". = iS'///7/*c//rt Clgpeiis, E. Marine. 
Baltic. 1-270". 

C. Elirenhergii, — Disc flexuose, small, 
ovato - elliptic ; ends equally rounded; 
margin striated, with from 10 to 12 costro 
in 1-1200". = /S>07/77/« Campglodiscus,VA. 
Aquatic. Italy, Mexico, (xv. fs. 12, 13, 
22 23.) 

C. spiralis (K., S.). — Spirally twisted, 
with a dotted margiu ; laterally elliptic, 
with about 00 nearly parallel costre ; cen- 
tre of disc minutely punetate. SBI). i. 
p. 20, pi. 7, f. 54.' Aquatic. Europe, 
England, (iv. 30.) C. differs from 
C. Jlibernints in its elliptic and twisted, 
not saddhi-shaped frustule. We doubt 
if it be distinct from C.Jlexaosa. 

C.fle.ruosa (I'].). — Disc large, flexuose; 
costfc 4 or 5 in 1-12(X)". =/S^/<;7777/^/ 
uosa, Tl. KB. t. 28. f. 25. Afpiatic. 
Africa, South America, Mexico, France, 
(xv. f. 11.) 

O. elvgans (E.). — Large, very broad, 
with subacute ends, and v(?ry finelv- 
punctabi surface. = Sarirella elvgans, 
KB. t. 28. f. 23. Aquatic. Oerrnany, 
Mexico. Costa3 4 in 1-1200". Known 
only by fragments. 

C.Mgodon ( 1^. ). — Small, rather curvtM, 
laterally elongated, narrow, with one end 
rounded (the other unknown), wilJi 
small, closf'ly-set cosbe, giving tlie mar- 
gin a toothed appearance. = Sarirella 
Myodon, E,. KB. t. 28. f. 24. Mexico, 
Japan, Africa. Costm (i or 7 in 1-1200". 
Known only from frfignieiits. 

C. Zonahs ( l*h.). — Disc large, greatly 
deflected ; “ ratlii symmetrical to two 
axes ; conc(‘ntric striation may be dt;- 
tected, Jind some appearance of puncta- 
tion on tluj outer edge." Found in cre- 
taceous, marly di'posits. Bridlington, 
Yorkshire. Prof. J. Phillips, 1845. 


Wenus CALODISCUS (Bub.). — Discoid; disc subcircular, with numerous 
(often 04) riiy-likc bands, each connected fit the broad, striated rim with its 
neighbours, and forming tooth-like striips ; centre not striated, clouded, with 
a lighter transvefte one-branchod zone. The umbilicfil zone is probably non- 
essential, and we doubt whether this genus he distinct from Campylodisciis. 

Calodisct'S saperhas (Uab. ). — Di.sc a largish clouded umbilical space. Bab. 
Inrge, flat, with a distinct clo3(!ly striated D. p. 12. t. 3. Aquatic. Italy, (viii. 50.) 
rim, and equal radiating fMjstas ejiclosing 
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FAMILY VI.— STEIATELLE^. 

Filaments compressed ; the central portion of the frustule furnished with 
incomplete longitudinal septa, which appear like striae or costae. The Stria- 
telloiD form a very distinct group, distinguished from every other by having 
parallel longitudinal striae or costae on the central or connecting portion of the 
friwtulc. “The appearance of longitudinal striae is in fact produced by 
siliceous plates arising internally from the margins of the filament, and ex- 
tending towards but not reaching the centre. The interior is thus dirided 
into chambers, opening into a central space. When viewed laterally, this 
central space resembles a canal, especially as the inner edge of each plate has 
a concave outline ” (llalfs, ANH. xiii.). The striae and septa arc frequently 
conterminal ; in some genera this appearance is constant, and then the striae 
are said to bo interrupted. Wc believe, however, that the striae are really 
(iontinuous, although always more strongly marked where they coincide with 
the so])ta, and, on the other hand, very indistinct, especially in a young state, 
when they arc merely formed by an internal rib. Prof. Smith adds the 
following explanation : — “ The valves (lateral surfaces) are simihir in character 
to those of the other Diatomaccac, and arc formed during self-division in the 
same manner ; hut, instead of the usual repetition of the process of valve- 
formation, w'e are here presented wuth a subsequent intcrvalviilar development 
which, not confined to the exterior of the frustule, projects a plate of silex 
into its interior, forming a septum or partition extending towards, but not 
reaching, the centre of the cell, and appearing as a compressed rim or annulus 
of silox, w'hose outer or larger circumference follows the exterior outline of 
the frustule, and >vhose inner edge bounds the free sj)ace which serves as a 
channel of communication between the chambers into which the cell is thus 
divided. This process is either simultaneous, and the frustule definite, or 
successive, and the frustule indefinite. In the first case the annuli of silex 
arc formed during the production of the valves in the progress of self-division, 
and on every riq)ctition of such production ; while in the second case the 
formation of the annuli is continued after the production of the valves, and 
is repeated an uncertain number of times before the recurrence of a new 
valve-production ” (13D. ii. p. 32). 

Kiitzing divides this group into Striatcllcaj and Tabcllarieoc, but wc agree 
with Mencghini in thinking this division unadvisablc. “Any one,” says the 
latter, “ examining these beings with diligence, wull entirely convince himself 
that the distinction of the two ordensj is altogether insufficient. No Tabcllaria 
hiis a central nodule in the secondary surfaces at all to be compared with 
that of the Diatomcaj constituting his order Stomatiem in his first tribe. I 
firmly believe thdt Tabcllaric83 and StriateUem ought to constitute one family, 
since the diaphragms, which are considered eharacteristic of the second ex- 
clusively, are not wanting in the first ’’ (M. 1. c. p. 475). 

Genus STIIIATELLA (Ag., K.). — Filament of few frustules ; stipes long ; 
frustules longitudinally striated, laterally lanceolate, with a median line ; 
septa short, inner ones longest. Marine. The long stipes and absence of 
transverse strioc on the central portion best distinguish this genus. 


Striatell A unipunctata (Lyngb., Ag.). 
— Frustules hyaline, subqundrnte, with 
numerous fine, parallel, continuous lines j 
stipes longer than the frustule. SBD. 
ii. p. 37, pi. 30. f. 307. Not uncommon 
in the nutumn on Zosteraand the smaller 


Algre. Filaments minute, pale yellowish- 
brown, glass-like, and glittering, usually 
composed of few frustules. The septa 
are very short. The internal colouring 
matter is generally collected into a 
roundish central mass. (iv. 40.) 

3 F 2 
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Genus TESSELLA (Ehr.).— Erustules broadly tabulate, not concatenate, 
densely striated longitudinally ; stiiic alternate, interrupted in the middle ; 
stipes none ? “It is impossible to judge of the value of the characters that 
distinguish it from Striatclla and Hyalosira whilst we do not know the 
organic importance or the true structure of the striic ” (M. 1. c. p. dOO). 

Tessella interruptn (E.). — Eiiistulos I KB. t. 18. f. 4. Mixed with Striatclla 
in front view siibqnadrate. ]-7o()”. I but less abundant, (viii. 5.) 

Genus HYALOSTllA (K.). — Filaments stipitate ; frustulcs quadrate, septa 
alternate, inten-upted in the middle, and united by very fine lines. “At 
first 1 was afraid that I was led by want of skill in observing, to believe that 
I could see in the two longer species of this genus a continuation of the vittm 
from one margin to the other, instead of their being interrupted and alternat- 
ing as they are figured and described by Kiit/.ing. ('on tinning my observations, 
1 succeeded at last in finding one individual exhibiting to my sight the idter- 
nations described ; lienee T became convinced that the latter condition is not 
merely inconstant, but even the least frecpient. The secondary suifaces are 
elliptico-acute ” (M. /. e. 460). 

IIyalosiua minutiaaima (K.). — 

Shovtlv stipitate, concatenate ; friistules 
very minute, partially separating in a 
zigzag iiianiKn’. 1-57CX)". KB. t. 18. 
f 6. 2. MediteiTanean Sea. 

II. (Ivlicatala (K.). — Shortly stipitate, 
concatenate ; frustiiles niiiUite, quadrate, 
artially se})arating in a zigzag manner. 

-2640”. KB. t. 18. f. 1 11. 1. France ; 

Adriatic Sea. (iv. 42.) 

II. rectaiujula (K.). — Shortly stipitate, 
subconcatenfit(!, frus!-ules siila^nadrati*, 
rectangular. 1-1680". K B. 1. 18. f. 6. 6. 

Adi*ialic Sea (xiv'. 26). Fiustules larger 
than in th(3 preceding spijcies. 

II. ohtmaiujula (K.). — liOngly .stipi- 
tatc, lihhon-likf; or .subeoncateiiate; frirs- 
tuhi.s quadrate, with obtuse jingles. 

1-1440". Adriatic Sea. (xiv. 29.) Frii.s- 

Genus RIIABDONEMA (K.). — Filaments elongated, shortly stipitate; 
longitudinal strim uninterrupted, connected by scries of transver.se .striie ; 
lateral .surfaces having transverse striai and a median longitudinal line. From 
the comiiaratively large size of the fru.stules in Rhahdonenia, great(?r facility 
is afforded for c.vamining their structure. The longitudinal striie or ribs 
(annuli, Sm.) are continuous, parallel, mostly etiuidistant, and conncct(*d by 
a series of tran.sver.so striie, so that, in fact, the structure has a latticed 
appearance. 

JlHAnnoNEMA mmutum {\^,). — Septa ! II. arcuatum (Lyngb., K.). — Septa 
marginal, idttmiate ; lateral valves ob- j marginal, oj)po.>4ite ; lateral valve.s oblong 
long or .spindlo-.‘<hapcd, inflated at the or linear-ellintic, the transverse striju 
middh;, transversely .striated throughout, ahsent near tneir end.s. SBD. ii. p. 64, 
SBI). ii. p. 60, pi. :i8. f. 606. = pi. 68. f. 605. = Striatvlla armatuy Ag., 

Ralf.s, /. c. xii. (not E.). Europe. E. ; Tesaella Catena, V., (Jommon. (x. 
1-12(X)”. Smaller than from 20t6, 204.) DifFe-r.s from IL minutum 

which it cliffer.s in the inflaUal or gibboits in the form of its lateral valves, and by 
ciMitre of its lateral valve.s. (iv. 41.) the iib.sonco of .strim near the ends : 11; • 


tule.s larger than in the first two species. 

\l.pnncfata{ Bailey). — Frii.stiile.s large, 
united in long ehaiii.s, reetangular, snb- 
qnadrate, transv(‘rsely and nninfor- 
riiptedly vittate, alternate villas granu- 
late in "the middle of the frustule, the 
others furnished with a seriivs of con- 
spiciion.s puncla. 1856. Tahiti. 

II. 7yc.s7rir/vV( Norman, MSS.). — Septa 
continuial acro.ss tlie filament ns curvial 
inhiiTiipted co.st;e ; valves oblong, with 
strongly inflated ctmtre and rounded 
ends; striie coarse, 60 in *001". New 
Zealand. On Algie from Joseph Bes- 
wick. Esq. Fru.stules ipiadrate ; valve.s 
.sonietime.s with .subcapitate npiires. [We 
are indebted to Mr. Norman for tJie de- 
scription of this speeii!8.J 
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series of striie in the front view are also 
more conspicuous. Lermtli of frustulc 
1-570" to r-200". 

R. Adnaticum (K.). — Frustiiles with 
four seri(\s of septa (two marginal and 
two median, the latter shortest at one 
lateral margin, and gradually long(.‘r as 
they approach the other). Slit), ii. p. 35. 
pi. 38. t. 305. Common, (ispccially from 
deep wat(n-. Cu Algjc, which an^ sold 
as “ (h)rsican moss.” (xiii. 27.) 1-480" 

to 1-108". Fasily distinguished by tln^ 
medijin series of septcH., which, more” con- 
spicuous than the marginal ones, are 
usually more or less curved or oblioue, 
and do not coincide with the ribs, but 
cross the s(jries of stri;e ; they also gra- 
diiallv increase in length from one lateral 
margin to the other, leaving a funnel- 


shaped nuidian space. 

R. Crozieri (E.). — I^ateral valves 
turgid ; apices obtust*., shortly attenu- 
ated; the perforated dissepimtiiits (or 
spurious joints) striated, varying in 
number. = Striatellu Crozieri, ERRA. 
1853, p. 529. Assistance Ray. Strife 
18 in 1-1152". (IV. 4:1) 

Species known to us mily hy name. 

R. mirificum (S.). — '‘A magnificent 
species, with filaments occasionally reach- 
ing -0080" in width, and with aiternate 
and cribroso sepia. Septa with several 
(if to 12) irregular perforations.” SRI), 
ii. p. 35. Mauritius and (,\ivlon. Arnott, 
J^1S. vi. p. 92 ; Rrightw. JMS. vii. pi. 9. 
f. 11. (viii. 12.) 


Conns STYliORlRLlUM (E.)* — Fnistules cylindrical, mnltivalvcd, not 
concjitOTiatod, valves in a. simple straight series, like tlu^ leaves of a closed 
book, with a large nnrdian canal, (mtircj (not pcjrforated) at the ends ; s(n ilp- 
tured ; tube smooth, hossil. Stylobiblmm approaches nearest to Riblarinm 
and Teiracyelus ; but the frustules in the lateral view are orbicidar — a cha- 
ra(jter not met with in the other genera of this family. The species are 
fossil, and occur only in a fragmentary state. 


STYLOUiBT.TrM Clypeus (E.). — Lateral 
view with from 15 to 20 short, radiant 
marginal liinjs, and 3 or 4 lairvious, trans- 
V(!rscj mi‘dian ones, frustuies in the front 
vitnv with about 34 lamin:e or annuli. 
JOM. pi. 33. 12. f. 28, 2i). = Jrnarmm 
Chfpeus, E. Oregon and Siberia. Dia- 
meter 1-792". (iv. 45.) 

S. divisum (E.). — Disc large, its centre, 
with about 10 transv(n’So parallel lines, 
not reacliing the margin, and separated 
into two sm-ies by a linear Jongitudinal 


I blank band. EM. pi. 33. 12. f. 30. 

' Oregon. Diameter 1-000". 

S. eceentricum (E.). — Disc with 5 to 7 
eccentric, pervious, curved lines. EM. 

! pl.^33. 12. f. 31. Oregon. Diameter 
I 1-700". A fragment of a cylinder con- 
i tainod 9 annuli. The cost® in Ehreii- 
j b(*rg’s figure restmible those of Tetra- 
' cyclus, the median one straight, and 
i those above and below curved towards 
the margin in opposite directions to each 
other. 


Genus RIRLARIUM (E.). — Frustules compressed, lamelliform, with in- 
ternal sei)ta ; lateral view with transverse uninterrupted costa), but without 
median inflation. Fossil. All the species arc fossil, and, although desenbed 
by Ehrenbcrg as* simple, were probably filamentous in cT, recent state. The 
forms with infitRcd centre we concur with Professor Smith in removing to 
Tetracyclus, and indeed only retain the genus because we are unable to 
ascertain at present the proper situation of the other species noticed here. 


RinfiAiniTM eompressum (E.). — Tjateral 
vii^w elliptic-oblong, with obtustj ends 
and lax, paralhd traua\ ci\se costo). EM. 
pi. 33. 12. f. 1. Oivgou. 1-048". 
Costm 5 to 7 in 1-1162".^ Septa 28 in 
each frustule. 

R. ellipfieum (E.). — Lateral view ellip- 
tic*, with broadly rounded ends, and 5 to 
8 parallel transverse stvise in 1-1152". 
hiM. t. 3.3. 12. f. 2. Siberia and Oregon. 
1-1080". Di tiers from Ii. eompressum 


only in its more t'lliptic lateral valves. 

11. Lamina (E.). — Lateral valves 
broadly linear,^ with rounded ends, 
slightly conatneted middle, and 7 to 8 
parallel transvtu’se striao in 1-1152". 
E]M. pi. .33. 12. f. 4. Oregon. Eliren- 
berg’s figure shows little or no constric- 
tion. 

R. lineure (E.). — Lateral valves nar- 
rowly linear, with rounded or subacute 
ends, and 4 to 8 parallel transverse stri;o 
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in 1-1162". EM. pi. 12. f. 6. Siberia 
and Oref^on. Elirenberg’s figures scarcely 
differ from those of B, Laminaj except 
in being narrower. 

^^Lancea (E.)* — Efttcral valves lan- 
ceolate, with subacute apices, and 3 to 8 
parallel transverse striro in 1-1162". EM. 
t. 33. 12. f. 5. Oregon. Twenty-seven 
septa in each Ixustule. 1-330". 

If. Cadefhnn (E.). — ^Ijateral view of 
central portion elliptic, with obtuse t?nds, 
and four margined undulations. EM. 
t. il3. 2. f. 1. Siberta. 1-000". Lateral 
valves unknown, (iv. 44.) 

Genus GOMPHOGRAMMA (Braun). — ^Filaments compressed, continuous, 
of few frustulcs ; septa clavatc, alternate, nearly equal ; lateral valves elliptic, 
furnished with straight transverse cost®. Aquatic. Gomphogramma agrees 
with Tetracyclus in its freshwater habitat and in the strong transverse cost® 
of its lateral valves, but differs (as we believe, essentially) by its clavate septa, 
which are not continued as cost® across the central canal. We are not suf- 
ficientlj’ acquainted with the structure of Biblai ium to decide what may bo 
its relation to that genus ; but it is not improbable that further investigation 
may require their union. Professor Smith thus contrasts Gomphognimma 
with Tetracyclus : — In Tetracyclus the valve is cruciform, and the cost® 
arched ; in Gomphogramma the valve is ellij^tic, and the cost® direct ; but 
these seem rather to belong to specific than generic characters, and the pro- 
priety of uniting these genera hardly admits of a question (ANIL January 
1 857). 

Gomphoohamma rupvHtro (Bvauu). — | would reward a search in our alpine 
Friistules subquadrate, with from one to | distruds. In its clavate septa it somo- 
three septa on (mch side and gland-like i what resembles Tcipsinoo, but the re- 
dots along the junction-margins. Braun semblance is merely suptn-ficial ; for the 
in Bab I). pi. 33. t. 9. Freiburg; I’yre- septa in that gtmiis are transverse, and 
nccs. This seems to b(} a moiintaiiioiis in this longitudinal; consequently tluiy 
species, and most probably its didectiun belong to diilerent groups. 

Genus TETBACYtyLUS (Balfs). — Filaments free, elongated, inflated at 
the centre, striated ; stri® continued across the inflated centre ; septa equal ; 
lateral surfac(.‘s costatc. Aquatic. The inflated centre and strongly costale 
lateral surfaces sufficiently chfiracterizc this g(*nus. “ Tlie genus Hiblariuin, 
constituted by Ehrenberg in 1845, appears to differ from the present merely 
in the solitary character of its frustulcs; and this character arises fi’om the 
fossil nature of the gatherings from which Ehrenberg derived his s])ecimens. 
I feel assured that all the species arc filamentous in a living state, and that 
the greater number of them are casual varieties of Teimeydus lacvstris ” 
(SBT). ii. p. 37). 

TKTiiACYCT.rs laaistris (Ralfs). — J^a- velopod ns to fonn a crucial figure, re- 
teral view with the inflations and ends sembling tho qnaterfoil of a fh)thic win- 
rounded. SBl). ii. p. 38, pi. 39. f. 308. dow, but sometimcjs merely a slight 
^ Striatella rhimernanmj Vj\. p. 1.3(5; swelling, as in .s/?tc/o.s 7 /m (E.). 

Biblanum Stella; B. Cl lam and B. spe- T. emaryinfilus (E., S.). — Inflations 
ctosamf EM[. pi. 33 ; B. strnmostwiy EM. de<?ply notched, otlu'rwise like T, lacm- 
pi. .hi. 2. f. 13. Recent, Britniii and O'ts, 8B1). ii. p. .38. = 7I/AA/n»/?n etnarf/i~ 
Iceland; fos^l, Oregon and Siberia. EM. pi. 33. 2. f. (5. Recent, Britain ; 

(xi. ^4,26.). The median inflation seems fossil, Siberia and Mexico, 
vannble; it is sometimes so much de- T. elryam (E. ). — Inflations aciife.= 


B. ? ffihhum (E.). — Frustulcs smooth, 
bacillar; 2 to 4 together, with straight 
centre ; lattiral view gibbous at the 
middle. KSA. p. Il7. Kurdistan. 
1-1162". A doubtful member of this 
family. 

Species known to us only hy name. 

B. ChiUmse (Eh. Chili.).— “ Related to 
B. compressumy^ EM. p. 301. 

B. constrictum (E.). — Fossil. North 
Asia. 
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Bihlarium ek(iam, EM. t. 8;3. 2. f. 4. 
Fossil. Siboria. bUireiibcM’jy’s fifriire of 
this spocios dillbrs from T. Wiomhus 
merolv in its monj dciveloped intljitioii. 

IViomhm (E.). — Lateral view rhom- 
boid, with subaeutci anjrh.s. = Bihlanum 
IthombuSj EM. pi. Fossil. Siberia 


and Oregon. 

T. ? Crux (E.). — Lateral view cruci- 
form, with transverse parallel striic and 
a median suture. = /y/Am/’w/m Crux, EM. 
1. 2. f. 8. Siberia. Strire 18 in 

-llo2". doubtful member of this 
genus. 


Genus TAI3ELLA1UA (E.). — Frustules quadrangular, united into a fila- 
ment, at length partially sciparating and forming a zigzag chain ; septa equal, 
straight ; lateral surfaces inttatod at ends and middle. A(|uatie. Tahellana 
differs from th(^ other genera of this family by having thi’ee inflations of tlic 
lateral surfaces. 


Tabeluauta Jlocvuhsa (lloth, K.). — j 
.Joints subquadrati', with from ii to 7 i 
atteumite sepia from each msivgiii ; l:i- ; 
teral view with three, msarly equal infla- 
tions; the intermediate portions linear, 
yill). ii. p. 4o, pi. 4.3. r. .31(5. = BaciUaria 
ftthef farts, El. p. V,^). = Naricufa trinodis 
in part, Vj.= TafHdfaru( ru/z/aris, 1^. Com- 
mon. (Mil. 20.) Lest distinguished 
from T. fvnvsf rata by its less elongated 
lVnstnl(\s ami more imnuu'ous septa, 
wliich usually altornnte with those from 
tlio other margin. AVo believe, however, 
that each (!omplete stjptnm has an oppo- 
site oin*. whiirli is generally rudimentary, 
tiiongh sometimes move dt^veloped and 
conspienoiis. l-8t)0" to 1-480". 

T. rculrirosa (K.). — Frustules as in 
T. /fovcalosa, but tin* eentrul inflation of 
tlu5 hitcu’al view much larger than the 
terminal ones. KJ5. t. .30. f. 74. = 7*. fti- 
C(‘ps, EM. several tignres. (xiii. 2(5.) 
C’ommoTi. l-0()0". Professor Smith 
unites tliis to T.Jfoevtdasa, and, as Ave 
believe, justly, since intermediate fonns 
are not iincominon. ^ 

T. (E.). — Veryshnill; lateral 

view with a snbglobose median iiillation 
and somewhat narrower capitate apices. 
KSA. p. 110. Fossil. liabrador. 

T. robusta — Thick, three times 
us long as broad, Avith broad gibbous 
c.ontre and large subacute timiiinal 
capital a. ]\M. pi. «33. f. 15. Fo.ssil. 
America. 1-8(54". Probably another 
variety of 2\ Jtoccnlosa. 


T\ nnipliUvpta, EM. pi. .3. 4. f..32. Fossil. 
Boston. lOhreuberg’s ligiiro shows the 
lateral view with iiill.ated ccuitre, as in 
'r.Jloccalosa ; but ilio extremities are net 
dilated. 

nodosa (E.). — Small, sleiidm*, no- 
dose ; nodules fiA^', the median ont> ratlnn* 
largest, those adjoining o})long. EM. 
soA^eral figures. 8’ibt‘ria. Tjough Alouriie 
dcqiosit, &c. Ehrenberg’s li{yiiri.‘s are 
elongated, Avith four (ionstrictions, and 
(ronscqnentlvlive inflations, of which the 
median and terminal are siiborbicular 
and the inteimediate oblong. “Akin to 
QramniaUrphora umlafata'' (Jl.). 

fonvstratn (Lyng., K.).- Front vitiAV 
linear, Avith two opposite so})ta. IVom each 
end ; lateral view Avith lliri'e nearly equal 
inflations and linear connecting portions. 
KB. t. 17. £. 22. = Tabvilaria trinodis, 
EM. many figures. Common. i-0(X)" 
to 1-280". 

Species doublfal, or known to us ontjj bj/ 
?iunie. 

T. amphietphaln (E.). — Very small, 
Avitb strongly inflated centre and capi- 
tate apices. KSA. p. 110. Fossil. San 
Fiore. 1-1728". Scarcely distinct from 
T, rentrieosa. 

T. pfah/sfotnn (E.), Sandwich Islands ; 
1\ rhabdosoma (Jk), Asia; T. piuuularia 
(E.), Asia; T, clavata (E.), Northern 
Asia; T. vndulatn (E.), Norlhcrn Asia; 
'r. euroeephuhi (E.), l\?rsia ; 1\ Semen 
(E.), India; 2\ BacUlutn (E.). 


Gonus GUAMMATOPHORA (E.). — Frustules fin ming a filament, at length 
•partially separating and becoming a zigzag chain ; septa in pairs, opposite, 
generally curved; lateral Aievv obloiig-lanccohilo, not inflated. Gramma- 
topliora is easily distinguished from all the other genera by its stiiie having 
commonly a curve outwards near the base ; and when this curve is Avanliug 
it may ho knoAVii from Tahellaria by the absence of inflation. Althougli 
Kiitziiig describes several species of this genus as smooth, yet we believe' that 
all the species are striaied ; and noiwithslnnding wc hav«' admiltod this 
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c;haraetor into some of the definitions, we nse it merely to indicate that the 
stiisB are more distinct and more easily detected. 


♦ Lateral view oblong or lanceolate, 

somethnes slightly constricted beneath 

the apices. 

t Septa straight or funnel-shaped. 

Ghammatophoua stricta (E.). — 
Large, with straight, parallel septa ; 
lateral view lanceolate. KB. t. 20. f. 7(>. 
Asia, Africa, America. 

G.parallela, EM. pi. 21. f. 20. We 
know not how this form dillers from 
G. stricta, except that the figures of the 
lateral valves exhibit more rounded 
apices. 

G. Tnhellaria, EM. pi. 18. f. 89, 90. 
Fossil. Virginia, in Ehrenberg’s figures 
the front view has the septa slightly 
curved and dilated inwards (funnef- 
shaped) ; lateral view lanceolate, with a 
large central canal. 

2 1 Septa with a semicircular curve near 
the marginal emds ; otherwise straight. 

G. marina (Lyng., K.). — Septa with 
a single (mrvaturo j lateral ^ iew linear- 
oblong, gradually tapering into the ob- 
tuse apices. KJl. t. 17. f. 24. = 71<rt<omrt 
teenieeformv, J). marmum (Lyng.), and 
D. latraneularium (Ag.), J). hrachy- 
gonium (Carm.), Bacillaria Cleopatr<e 
(E.)., V. Adriatica and li. Meneghinu 
(Lobarzewsky), Grnmmatophora oev- 
anica. Ev(?rywhere. Conimon, often 
forming long chains, (iv. 47 j xi. 52, 50.) 
^i'he synonvins are adopted from K iitzing, 
and probably some of them belong to 
other species. The fr us tales are of very 
variable length, sometimes nearly square, 
sometimes many times longer than broad. 
Connecting hinge shmder. 

G. tropica (K.). — liarge, with striated 
margin; septa with a single curvature;; 
lateral view linear, with rounded apices. 
KB. t. 30. f. 71. Cape of Good Hope. 
1-000" to 1-150". Connecting hinge 
tumid. 

G. gihha (E.). — Jjai’ge, striated; septa 
curved at outer end, otherwise straight ; 
lateral view lin(?ar, with slightly in- 
flated centre and rounded ends. KB. 
t. 29. f. 77. Cuba. (xr. 48, 49.) 

G. Mexicana (E.). — Large; s(5pta with 
a single curvature ; lateral view con- 
stricted beneath the rounded apices. KB. 
t. 18. f. 1-0. Europe, America. Con- 
necting hinge tumid. 

G. gibber nla (K.). — Margin striated ; 
septa once curved ; lateral view lanceo- 


late, with tumid centre and obtuse apices. 
KB. t. 30. f. 81. Naples. 1-450". Con- 
necting hinge slender. Difftjrs from G. 
Mexicana in its distinctly striated mar- 
Ipn and more lanceolate lateral view. 

G. macilenta (S.). — Ernst ules often 
curved; septa as in G. marina’, lateral 
valve lin(iar, slightly inflated at centre 
and extremities ; stiiai (K) in *001 ". SBl). 
ii. p. 43, pi. 01. i. 382. Britain ; J^evant. 
" llie front viciw in this species is always 
narrower in proportion to its length than 
in G. marina. Tht; strife are also far 
more numerous; and the, frustule, espe- 
cially in the larger sjHxdinens, shows fi 
decided tendency to assume a curved 
form.” 

3 1 Septa Innately curved, both ends 
hooked inwards. 

G. hamulifera (K.). — Small, subqiia- 
drate; sc'pta cuiwea throughout, with 
tlieir concavities towards each other. 
KB. t. 17. f. 23. (yommon, especially 
from deep water, (xin. 22.) 1-2400" 

to 1-900". IHstinguiwshed by its small 
quadrate friistules and uniformly curved 
septa. It is possible, however, that it 
may be the immature state of one of the 
following species. 

4t Sispta undulatt;, inner ends incurved. 

G. angnlosa (1C.). — Septa hookt'd in- 
wards, at inner end and near the margin 
of frustule with angular curve inwards. 
KB. t. 30. f. 79. Atlantic and Pacific 
Oceans. I’erhaps a variety of G. Afri~ 
cana, * 

G. Africana (E.). — Septa with thn'e 
undulations, the inner ends incurved; 
lateral view hinceolale, obtuse. EM. 
pi. 19. f. 34. Fossil, Oran ; recent, not 
uncommon. 1-2300" t'o 1-480". 

G, Islandica (E.). — Septa with three 
undulations, curved at the centre ; labu'td 
view navicular, striated. KSA. p. 121. 
Iceland. 

G. serpimtina (E.). — I>nrge, with* stri- 
ated margin; septa witli sevt;ral undu- 
lations and incurv(;d inner ends ; hitcrnl 
valves linear, with attenuated ends and* 
obtuse apices; connecting hinge thi(;k. 
SBl). ii. p. 4.3, pi. 42. f. 315. = G. Modi- 
terranea (E.), according to K iitzing. Not 
uncommon in sheltered bays. Bemark- 
able for its seriiontine septa, the number 
of curv<;8 setuiiing fo vary according to 
the length of the frustule ; and wc fear 
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that some of the allied species are not 
really distinct from it. Professor Smith 
informs us that, in this species, Mr. West 
finds the dots disposed in quincunx, and 
the lines consequently oblique, (iv. 48.) 

G. anguina (K.). — Lar^o, smooth ; 
septa serpentine, with the interior end 
liooked inwards. KB. t. 17. f. 25. At- 
lantic and Antarctic Oceans. l-(350" to 
1-300". Wo sec not how this differs 
from 6r. sei'pentinaf as we believe that no 
specie.s in this genus is really smooth. 

2* Lateral riciv ivith four confitrictions. 

G. undulata {K .). — Tiateral view linear, 
with four constrictions and rounded 
ends; septa in front view undulated. 


KB. t. 29. f. 08. Fossil, Greece ; I'ecent, 
America. 1-860". 

3* Lateral vietv lunate, 

G. armatuy EM. nl. 35 a. 23. f. 11, 12. 
Assistance Bay. I^e figures represent 
the front view with undulated septa, 
and the lateral one lunate, with trans- 
verse lines and a central canal. 

G. curvata, EM. pi. 35 a. 22. f. 13. 
Antarctic Ocean. The figure shows the 
lateral view, like that of G, arcuata ; but 
its centml canal is smaller, and there are 
no transverse liiie.s. 

G. suhtiliasima, — Striae fine. A good 
test for high powers. 


Genus GEPlIYllIA (Arnott). — Frustulcs attached ; front view with sub- 
lanieUate, finely striated connecting zone, destitute of septa ; valves arcmite, 
dissimilar, with transverse costae interrupted by a longitudinal line. Marine. 
We place Gephyria with the Striatelleae because of its resemblance to 
Eupleuria; but the absence of septa renders its proper position somewhat 
doubtful. The lower valve differs from the upper one in having a smooth 
circular S 2 )acc at each end. The strongly arched valves and absence of septa 
distinguish it from Eupleuria. It differs from Achnanthes by having no 
central nodule. 


Gephyuta incurrata (Ar.). — Costa3 of 
valve about 7 in ‘001" j coimecting zone 
with stout longitudinal costa>. Ar MJ. 
viii. j). 20. Lhqdenrta iticurrntaj ArMJ. 
vi. p. 90; Achnanthea costata, .Johnstone, 
M.T. viii. p. 20, pi. 1. f. 14. South xVfrican 
and I’atagonian guano. 


G. media (Ar.). — Valves obtuse, with 
11 costa3 in *001". Ar MJ. viii. p. 20. 
Achnanthes anymtatUy .Johnslono, M.J. 
viii. 2 ). 20 , pi. 1. f. 13. (’^ilifornian guano. 

G. Telfairice (Ar.). — Valves with 
acute cuneate ends, and 15 costie in 
•001". ArMJ. viii. p. 20. M^^uritiu^. 


Genus EUPLEURIA (Amott). — Frustules united into short, attached 
filaments ; front view annulate, indefinite, with short se])ta and headi'd 
margins ; valves dissimilar, costate ; costie interrui)tcd by a longitudinal line, 
those of lower valve fevfer and central. Marine. Eupleuria differs from 
Rhabdonema by its dissimilar valves, the transverse costae of the lower one 
being confined to the middle — a character conspicuous even in the front view, 
since the ends of the cost® are there seen as marginal bead-like dots. The 
valves have some resemblance to those of Achnanthes, but have no central 
nodule or stauros. 


Eupleituia ptdchclla (Ar.). — Front 
view with stout longitudinal costaB con- 
nected by transverse bars, very short 
septa; and punctated lateral margins. 
Ar TMS. vi. p. 89. New Zealand and 
Australia. The frustules, in the front 
•view, have the cellulate structure of 
Rhabdonema ; but the se^^ta are so abbre- 
viat()d as to seem mere marginal dots, 
and the j)uncta on the ventral margin 
arc confined to the middle. Annuli close, 
miinerous ; valves usually turgid at tlie 
middle and rapidly tapering to the obtuse 
iipices (subovale), but sometimes linear- 


oblong. In the lower valve tlio cost® 
and longitudinal line are present only at 
the middle portion, and leave a large 
hyaline) blank space at each end. Stnro 
between the costjc, and oblique. 

E. ocvllata (Ar.). — Front view with 
longitudinal lines, fine ti’ansversc strije, 
and costate lateral margins ; costie of 
ventral mai’gin longer, confined to the 
middle, and divergent. ArTMS. vi. j). 9. 
New Zealand. In E, ocvllata the fmstules 
are more hyaline than in E, pnlcheUa, 
and the longitudinal costae less conspi- 
cuous, and not connected by tijiiftverse 
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bars. The most evident distinction, 
however, is the clavate or capitate lines 
of the dorsal and ventral niar#^ins, those 
of the latter being longer, fewer, and 


divergent. The septa seem to be rudi- 
mentaiy, as in the preceding species. 
Valves oblong-linear, sometimes curved, 
with rounded ends. 


Genus ENTOPYLA (Ehr.). — Frastules prismatic, compressed, miiltivulved ; 
viilves contiguous, in a straight, simple series, like the leaves of a book ; 
internal ones traversed by a large median opening ; outer ones transversely 
striated, unequal, one entire (not perforated), the other furnished with a large 
pore at each end. !Marine. Entopyla, by its curved form, approaches 
Achnanthes ; by its tabulate figure it is more akin to Tessella ; but it comes 
nearer to liiblarium than to any other. Although, in deference to the opinion 
of Professor Arnott, we have kept Eupleuria distinct from this genus, we 
doubt the ijroiiriety of doing so. From Ehrenberg’s comparison of Ento])yla 
with Tessella and Piblariura, and bearing in mind his peculiar views, it is 
eWdent that the '' internal valves” arc the ‘Minriuli” of Smith, and the ^^i)or- 
forations of the ventral valve” tlio blank spaces at each end. Since the 
opening in the internal valves is stated to be so large as to leave only a tliin 
margin, the septa must be rudimentary. Both Entopyla and Eupleuria seem 
therefore to differ from Khabdonema in their dissimilar valves and rudimen- 
tary septa, nor are we able to find any chameter in Ehrenberg’s description 
which enables us to distijiguish Entopyla from Eupleuria. 


Entopyla Australis (Ehr.). — Leaves 
(aimiili) about 10 j transverse cosUe of 
outer ones (or valves) to more than 
40 ill uumotn*, divid('d by a median 


Ilexuose line. ER15A, 1848, p. 42. = 
Siirirella Australis, h^lir. 1843. l*ata- 
gonian guano. 


Genus DIATO^IELLA (Grov .), — Friistiilos rpiadrangular, forming at first 
a piano-compressed filament, at length separating ; vittm two, interrupted 
in the midfUc and at each end.=T)isiphonia, E. Acjuatic. Piofessor Smith 
doubtfully referred to Grammatophora the Dhitom for which this genus was 
constituted ; but we consider the differences jiointed out by Dr. Greville as 
sufliciemt, independently of its aquatic habitat, to separate it from that genus. 
In Grammatophora the septa arc formed in the central or connecting jiortion, 
arise from tlui margins of the filament, and arc intcrruptcid in the middle. Tn 
Diatomclla they appear to us to arise from a thickened rib connecting the 
latcrdl and central portions, and form imperfect diaphragms with three o])en- 
ings — one central, the others marginal. We have included Diatomolla in this 
family, but, although Professor 8mith sbites that its frustulcs are annulate 
and nearest in .structure to Gramma topliora, we are not sure it is rightly 
placed here ; for tw'o puncta exist at each end of the frustulc, as in the 
Fragilaiiea). 


Diatomella Balfouriana (Gr.). — T^a- 
tcr.al view line.ar or oblong, with roiindcAl 
ends and 45 fine .striie in *001." GAN II. 
s. 2. XV. pi. 0. fs. \iy~V*».^Grammato~ 
jjhora‘t lialfouriana, SBD. ii. p. 43, nl. 
61. f. 383. ss/lmjpAomW Amtralis, EM. 


pi. 35 a. f. 7. South Africa, South Ame- 
rica, Scotland, h rout view quadrangular, 
with a smooth central portion, separated 
from the transversely- striated lateral 
valves by the vittoe. (iv. 51, 52.) 


FAMILY VII.— MELOSIBE^. 

Fnistules disciform, cylindrical, or globose, simple or united into a filament ; 
lateral surfaces flat or convex, circular, smootli or with radiating striai, l(\ss 
fmiucntly cellulose, gramilatc or punctate ; front view with the central ])or- 
tion usually cither obsolete or divided by one or two central furrows. “ For 



OF THE MELOSIREJE. 


811 


the most part the CoscinodisceaB arc related to this family, with whicrli tliey 
have been hitherto united by l<Ihreiiberg ; but I have separated them because 
the shell of the CoscinodisccoG often has divergently arranged bands and a 
cellulose formation, which is wanting in the Melosirca3. Moreover the forms 
of tho genus Mclosira have in life so great similarity to the tine simple Con- 
fervae, that they may easily be confounded even by practical Algologists. 
The heating of a specimen upon mica, however,* distinguishes them so cer- 
tainly that wc can never be in doubt ” (Kiitzing). Tlie lino of demarkation 
between tho Melosirem and Coscinodiseeae is by no means well established ; 
generally, discoid forms with cellulose structure belong to the latter, and fila- 
mentous or smooth species to the former. This family, however, contains 
some distinctly ceUidose species ; but they are distingiushed by their iniiated 
or vaulted segments and the absence of a central portion. 

Wo have removed some genera Kiitzing had placed hero, as wo considor 
Mr. Brightwell has i)roved that thoy aro moro akin to Chactoceros. 


Gonus CYCLOTELLA (Kiitz.). — Fnistulcs disciform, simple or binatcly 
conjoined ; central portion ring-like ; valves plane or slightly convex. 
Aquatic and marine. =Discoplca, Khr. Cyclotella differs from Melosira in 
not forming a filament. The recent species, according to Kiitzing, arc cither 
adnatc or enclosed in a shapeless gelatinous substance. Some of the species 
approach closely in character to Coscinodiscus. We retain Kiitzing’s name 
because it has the claim of priority. 


Cyclotella opcrctilata (K.)* — ^Valves 
depressed in tho centre; striaj obscure, 
very short ; front vic^w with rounded 
angles. SJll). i. p. 28, pi. 5. f. 48. Frcjsh 
water. Europe. This species is involved 
in gi’oat contusion, and w(5 confess our 
inability to reduce it. We have adopted 
Professor Smith’s views, though with 
much hesitation. Kiitzing dtiscribes the 
margin as punctated; and his figures, 
though varying much in size, of the 
umbilical portion, show tho margin 
closely and irregularly punctate, whilst 
Smith d(?scribes them as striated. Kiit- 
zing refers here the THacopha Kiitzing ii 
(JO.) ; but that form, according to the 
figures in the ‘Microgeologi(?,’ is larger, 
with radiating striae reaching to the 
centre of tlie disc. (v. 53.) 

C. rcdangula (•Rrtib.). — Similar to (7. 
opcrvulala ; but the frustiiles in the front 
view have axuito angles, llab D. p. 11. 
France. Ry ICiitzinj^ made a variety of 
C. operciilata, by Smith of C. Kiitzingi- 
ana. • (v. 54.) 

C. ^otica (K.). — Frustiiles adnate; 
disc plane, very smooth. KR. t. i. f. 2, 
.3. = C'. Lufnstica, K. /. c, t. 1. f. 4. On 
marine algju. Scotland, &c. AVc unite 
C. Ligustica to this species, since Kiitzing 
makes no distinction except size, which 
in the Diatomacea^ is too variable to be 
made tho only specific diftei’eiice. D. 
l-OfiO" to l-5lG". (XIV. 17.) 

0. mturimn (K.).— Frustiiles large, ad- 
natc ; disc nearly ])lane, punctnled. K. Kv. 


1. 1. f. 5. On Algas in the Pacific. Diam. 
1-300" to 1-126". Puncta scattered. 

C. Coscinodisens (E., Iv.). — Rise squall, 
irregularly but densely and finely grariu- 
lat(j, margin miooth'= Dtscojjka Cosci- 
nodiscits, ITM. pi. 33. 10. f. 1, 2. Fossil. 
United Slates. Habit of Coscinodi^cm 
tninor, rather turgid on the sides. R. 
1-1728". 

C. (E., K.). — Rise smooth, 

umbonato in tho coiilro ; suture in front 
view tumid, produced at the margins. = 
Discoplea Mammilla, P<]M. pi. 38. 22. 
f. 1-il. Fossil. Patagonia, llie suture 
between the valves is ridge-like, and 
consequently projects at the margins. 
Kim of disc striate. Riani. 1-1728”. 

C. umhilicata (E.). — Rise smooth, with 
a central smooth unibo.=7h'ifmj[j/#Yf nm~ 
hilicata, EM. pi. 35 n. b. f. 0. Fj*om 
Atlantic deep soundings. Elireiiberg 
describes this species as smooth, but 
figures it with a punctated centre. 

C. Americana (E., K.). — Frustiiles in 
front view turgid, with a transverse, tri- 
carinated i-ing ; disc punctate in’ the 
centre. KSA. p. 19. United States. 
Riam. 1-660". 

C. 27lit/sojdca (111., K.). — Rise smooth, 
except a circlet of large vesicular-looking 
granules round tlie centre. = DiscirplPa 
physoplva, J^M. pi. 33. 17. f. 8. Fossil. 
Virginia. Riam. 1-1162". 

C. comta (E., K.). — Disc with a circlet 
of small stum near tho margin, and a 
' crowded central mass of granules. = 
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copUa comtay EM. pi. 38. 1 d. Asia^ 
Africa, &c. Front view tuniid at tlie 
sides. Although this species is said to 
have a grauulated unihilicus, none of 
Ehrenberg’s figures exhibit this cha- 
racter. 

C. dendroc}t€era (E.). — Disc smooth, 
except a circlet of short rays. = Discoplea 
d^ndrochem'a, E. On trunks of trees. 
Venezuela. Frustules small, tuniid in 
front view. Diani. of disc 1-1920" ; cen- 
tral circlet with about ten rays. ITabit 
of C, comta, 

C. atmospherica (E.). — Disc with a 
central, ratlnir turgid umbilicus, from 
which radiate nunierousstrim. = Disenplea 
atmofphrncdj EM. pi. 39. 1. f. 17. In 
atmospheric dust. Diani. 1-1008". 

C. Sinensis (E.). — Disc with a central, 
ratlnir turgid, granular umbilicus, from 
which riidiale numerous striie ; the striic 
si^paraled from the umbilicus by abordiu*. 
= Discoplea Sinensis, EM. pi. 39. l.f. 10. 
Atmospheric dust. China, &c. Diani. 
1-8(34". Iia 3 \s niiu^h closer than in C. 
aUnosphcrica, and smooth, not rough as 
in that species. In front view linear, 
with 8triat(3d margins, (xv. 4.) 

C. Atlantica (K.). — Disc with a central, 
sonfew'h at granular imibilicus, from which 
proceed numerous radiating lines. = Z)i.v- 
copha Atlantica, I'M. pi. 31^. 3. f. 29. 
Atmospheric dust. Atlantic. Smaller 
than the last, and its umbilicus not cir- 
cumscribed by a rim ; but w'^e doubt 
wliether this and the twu) preceding s^ie- 
cies ar(! sutficieiitly distinct, (xv. 3.J 

C. Oreyonica = Discoplea Oreyo- 
nica, EM. pi. 37. 2. f. 3. Oregon. Eh- 
renberg’s figure represents a small disc 
with a central punctated umbilicuis, from 
which procecHi niinierous rays. Front 
view linear, with marginal striaB. Does 
this differ from C. Sinensis ? 

C. renmla (E.). — Disc wdth gi’anulated 
umbilicus and numerous smooth ra 3 ^s.= 
Discoplea venusta, EKDA. 1852, p. 534. 
Alive. Califoniia. Akin to C. atmo- 
spherica ; frustules with tlui stellate habit 
of Actinocyclus. Ehrenberg obseived 
three .specimens. In one the umbilicus 
w as nearly (;qual to a fourth part of the 
diameter of the di.se, and the entire sur- 
face very nearly smooth ; in another the 
surface w'as distinctly granulated, and 
the umbilicus, having its margin oblite- 
rated, was scarcely evident. 

C. Astrcca (Ji., K.). — Disc wdth a large 
punctated centre and denselv-raved mar- 
gin. KSA. p.l9.= f.4; 

SHD. pi. 5. f. 50 r' Kurdistan ; Ireland. 

1 >iam. 1-030". 1 1 has the habit and size of 


Melosira varians, but is not concatenate. 
C. Motnl-a is a marine specii^s. 

C. Peruana (E., K.). — Disc wdth veiy 
fine raj^s, reaching to the centre. 
coplea peruana, EM. pi. 38 a. 14. f. 6. In 
pumice from Arequipa and Santiago, 
Peru. Resembles C. Astrmu Diam. 
1-(3(X)". The thickness of the frustiile 
equals half its length. Although the rays 
are described as reaching the centre, the 
figures show an umbilical .space. 

C. oliyactis Discoplea oliyactis, 

EM. pi. 35 a. 9. f. I. (Jange.s. Ehren- 
berg’s figure show\s a snuul disc, with 
striated rim and irregular umbilical 
spjme, from which proceed a few' irrtigu- 
lar rays. 

C. Grccca (E.). — Disc plane, inter- 
ruptedly striated in a radiate maniuir. = 
Discoplea (Irceca, 1^1.= Coseinodisens Grce- 
cus, IvSvV. p. 125 ; EM. pi. 0. 2. f. I. Fossil 
in (Irceci;. Diam. 1-804". 

C. antiqna (S. ).— N'alves convex; strim 
broad, not reaching the margin. Diam. 
•0009" to 0013". SDD. i. p. 28, pi. 5. f. 
42. Lough Mourne and l*eterhead de- 
posits, &c. 

C. picta (E., K.). — Disc plane, broadly 
granulatcid in the middle, its margin 
densol}' radiated ; rays very slender, ele- 
gantly mixed with pairs oi stouter ones. 
KSA.t). 20. A fn can coast. Disc some- 
tiimss mrge. 

0. liota (E., K.). — Disc large, with 
numerous (52) equal rays, not rts'iohing 
to the ceutrti ; surface papillose ; papilL-e 
unequal, smallest between the ray.s, 
largest at the CG\\ivyi. = Discoplea llola, 
EM. pi. 35 A. 22. f. 0. Southern Ocean. 
Diam. 1-192". This and the next spijcies 
arc distijiguishcd from the rest by having 
papillaj or granuhis in the intervals of 
the rays. 

C. Potula ( E., K.). — Resembles C, 
Pota, but is smalliu', its rays fewer in 
number (20), and its papillae equal. = 
Discoplea llotula, lilM. pi. 35 a. 22. f. 7. 
Southern Ocean. Diam. 1-090". As in 
C. Rota, the rays extend from the margin 
towai’ds, but do not reach the centrti. 

C. dcnticulata (E., K.). — Disc marked 
with straight, parallel, gi’anulatcd liiuis, 
and its margin denticulate*. KSA. p. 20. 
Rei-muda. Diam. 1-072". In the character 
of its margin it resembhis Melosira sul- 
cata, but in the arrangement of its gra- 
nules it approaches Coscinodiscus lineatus. 

C. imdnlata ( K.). — I )isc with radiat- 

ing lines of very minute granules, and an 
undulated margin. = Discoplea undulafa, 
EM. pi. .33. 18. f. .3. Derinuda. Diam. 
1-570". Margi]]al Hexures about fifteen. 
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C. stylomm (Br.). — ^Valve with styli- have been found in union ; this may, 
fomi rays diverging from the centre, and therefore, belong to Melosira. 
ending near the margin with a large C. punctata (S.). — Frustules with un- 
circular head ; centre irregularly punc- dulations; valves delicately punctate or 
tate. Sierra Leone. Br TMS. viii. p. 96, cellulate ; cellules radiate. Diam. *0008" 
pi. 6. f. 16. to *0015". Fresh water. England. SBD. 

C. ? radiata (Br.). — Valve with simple, ii. p. 87. (viii. 16.) 
strongly marked radii, reaching nearly to C. Dallamana (S.). — Valves with niar- 
the centre ; centre smooth ; in front view ginal costie ; centre cellulate ; cellules 
the ends of the radii appear as puncta. irregular. Length of costae •0002" j Diam. 
West Indies, Monterey. Br. /. c. p. 96, of valve *022". Brackish water. Eng- 
pl. 6. f. 11. As many as ten frustiiles land. SBD. ii. p. 87. 

Genus ACTINOGONIUM (Khr.).— Frustulcs suborbicular, many-angled ; 
disc smooth, \vitli radiating lines. Actinogonium, like Liostephaiiia, (Hfiers 
from the rest in being smooth. 

AcTiNoaoNiuM septenanunif EM. pi. latcd border. Between the centre and 
66. f. 69. Barbadoes. Rays (7) divid- border is a circlet of very short lines, two 
ing th(‘. disc into compartments, separated in each compartment, (v, 65.) 
from the margin by a regularly-imdu- 

Genus LIOSTEPIIANIA (Ehr.). — ^Frustules simple, orbicular; disc smooth, 
but with a crown of rays encircling a large smooth central space or umbi- 
litais. Liostephaiiia is distinguished by its disc being smooth, and having a 
circlet of stria), which strioo do not reach the margin. 

Liostepitania Rotula (E.). — Disc the preceding one in the presence of 
having from six to f)urteen simple rays, puncta. 

lil.M. pi. 66. f. 40. Barbadoes. (v. 57.) L. maynifica (E.). — Disc with its rays 

\j. conda (I'k). — J.lisc with from six to alteriialing inwards with pairs of very 
thirt(‘t*ii ray.s, coniii'ctcHl exteriorly by a short striie, and coiinect(»d exteriorly by 
circhd of puncta. EM. pi. 66. f. 41. a circlet of puncta. EM. pi. 66. f. 42. 
Barbadoes. I'liis species differs from Barbadoes. (v. 56.) 

Genus DlCTyOLAMPRA (Ehr.). — Frustulcs orbicular, not concatenate; 
disc without an umbilicus, but ha^dng a circular cellular centre, with radiat- 
ing striae, whicli alternate with other striae from the margin. 

Dictyolampra differs from the other genera of this family by its disc being 
cellulose only in the centre, and indeed it probably ought, together with Lio- 
stepliania and Actinogonium, to form a distinct family; but, having seen 
no specimens, we arc unable to decide on their proper position. 

DiCTYOT.AMPiiA Stella (E^r. pi. 66. f. 20) short radiating lines, which altcrnato 
68). BarbadociS. * The only species. In with similar ones directed inwards from 
the centre is a large, circular, roo.sely cel- the margin ; betweem the latter are inter- 
hdose umbilicus, with nunieroiis (about posed very short marginal stria), (v. 68.) 

Gynus MASTOGONIA (Ehr.). — Frustulcs simple (une(|ually), bivalved ; 
valves not ecdlulose, in lateral view circular, unarmed, with lines radiating 
from a stellate or angular umbilicus. These forms, which were formerly 
•placed in Pyxidicula, may be recognized by their unequal and angular valves, 
radiating veins, and noncellular surface. The definitions of the species in this 

genus are unsatisfactory, depending almost entirely on the number of rays 

a clmracter which we regard as very variable. 

Mastogonia Crux (E.). --- Valves pi. 63. 18. f.8. Bermuda. Diam. 1-396". 
large, one with four, the other with seven Umbilicus stellate, 
radiating linos ; apex not truncated. EM. M. quinaria (E.). — ^Valves large, one 
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with five radiating lines, the other un- 
known ; apex not truncate. KSA. p. 26. 
Bermuda. Diam. l-480'^ Scarcely 
more than a variety of the preceding 
species. 

M. Hota (E.). — Valves large, one with 
six, the other with seven radiating lines ; 
apices entire. KSA. p. 25. Bemiuda. 
Biani. 1-360". Probably another variety 
of 3/. Ctna;. 

M. sexangula (E.). — ^Valves thin, one 
with six radiating lines, the other un- 
known; apex broadly truncate, with a 
hexagonal area. EM. pi. 33. 17. f. 12. 
Virginia. Diam. 1-1032". Ke.«enibles a 
truncated six-sided cone. All the above 
species are very smooth and crystal- 
lln(^ 

M. heptayona (E.). — One valve with 


seven, the other with nine rays; apex 
truncated. Bai A JS. xlviii. pi. 4. f. 12. 
Bermuda. l)iam. 1-840". 

M. Ocidm^Charneeleontis (E.^. — One 
valve having eight radiating lines and 
truncate apex, the other unknown. KSA. 
p. 25. = Pyxidicula Oculm- Chanueleontis. 
Mainland. l)iam. 1-1152". 

M. Actinoptychm (E.). — One valve with 
9, the other with 13 flexuose radiating 
lines; apices broadly truncate. = Pyxi- 
dieula? Actimfptyclim^ KM. pi. 18. f. 19. 
Virginia. This species seems distinct in 
its ilexuoso rays and the undulated mar- 
gin of its umbilicus, (v. 69.) 

M. Dkcoplea (E.). — Valves small, 
conic, with 18 to 20 raj^s ; apices smooth, 
truncate. KSA. p. 25. In Patagonian 
pumice. Diam. 1-1152". 


Genus STEPITAKOGONIA (Ehr.).— A^'alves as in Mastogonia, but their 
truncated apices have spinous angles. 

Distinguished by the rays being iirolonged into spines, and forming a fringe 
round the umbilicus. 

Stepitanogonia quadrangula (E.). — j to the margin by an indefinite number of 
Valves thin, smooth, with truncated j rays, the spaces between which are some- 
apices, one having four, the other six j times faintly punctate ; the umbilicus 
ray-lik(j angles and spines. KSA. p. 20. i sometimes surrounded with spines. Vir- 
Hermuda. \ ginia and Bermuda deposits. EM. pi. 33. 

S, pofygona (E.). — ^Valve with central | 18. f. 10; Br JMS. viii. p. 07, pi. 6. 
portion smooth and much elevated, united i f. 8. (v. 67.) 


Genus CLADOGBAMMA (Ehr.).— 
known to us. 

Clauoguamma Californicum (E.). — 
Valve orbicular, not cndlulose, marked 
with dexuose lines radiating from the 


— ^The characters of this genus are un- 

— centre, and irregularly forked or divided 
id near the margin. Califoniia. EM. pi. 
ae :33. 13. f. 1**. (viii. 11.) 


Genus HYALODISCUS (Ehr.). — Frustules simple, disciform ; disc smooth, 
flat, its umbilical portion or centre separated by a distinct suture. 

Kiitzing unites this genus with Cyclotella; but its comparatively largo 
hyaline disc, with a centre distinguished by an evident suture, and usually 
somewhat coloured, is perhaps sufficient to justify its removal. Its flat disc 
will distinguish it from Podosira. 


H YALODiscus Patagoniem (E. ). — Disc 
large, very smooth, its margin separated 
front the largo centre by a slightly 
grooved but not denticulate suture ; 
junction-line in front view very tumid. 
EM. pi. 38. 22. f. 10, 11. In pumice 
from Patagonia. Diam. 1-432". 

II. Irevia (E.). — Disc large, smooth, its 
central portion separated by a fracture- 
like suture. EM. pi. 33. 16. f. 17. Cyeh- 
teUa /rt*i7«,Kiitz. Virginia. Diam. 1-466", 
Allied to Cyclotella phyanplea. The su- 
tuw* between the valve.s is not tumid, 


and the central portion of the disc is 
smaller, and hence more distant from 
the rim, than in IL Patagoniem, ^ 

II. ateUiger (Bai.). — Disc with a broad 
margin covered with distinct rectilinear 
rows of dots, arranged in groups so as 
to produce a stellate appearance. BC. 
vii. Abundant. St. Augustine, Florida. 
“ The markings in this species are quite 
distinct; and the stellate appearance, 
resembling that shown by Coacinodisem 
auhtilky will at once distinguish it from 
all other species," B. 
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II. suhtilis (Bai.). — Disc marked like 
the engine-tiirned back of a watch, with 
lines of exceeding delicacy, only visible 
by the highest magnifiers and careful 
illumination ; umbilical portion more 
coarsely granulated and in size little less 


than one-third of the diameter of the disc,’ * 
B. 1 . c, pi. 1. f. 12. Halifax, Nova Scotia. 

H, laevis dillers by having a wider mar- 
gin and much coarser markings. This 
species forms an admirable test-object,” 
B. (v.60.) 


(leiuis LYSTCYCTJA (Ehr.). — The characters of this genus arc unknown 
to us. From Ehrenberg’s figures it appears closely related to Hyalodiscus, 
the disc having a central, circular umbilicus, and a broad border separable at 
the suture, as in that genus. 

Lysicyclia Vogdiiy ERBA. 1850, p. 333, f. 29. Central Africa, (viii. 39.) 


Genus rOBOBTSCUS (Kiitz.). — Frustulcs as in Podosira, but affixed by a 
lateral stipes. Marino. We think that the lateral position of its stipes is 
scarcely sufficient to separate Pododiscus from Podosii’a. 

PoDODiscus Jamaicemis (Kiitz.). — pi. 10. f. 28. 0\\ EnttTom&rjyhn ramulosaf 
Frustidca simple, coneatenato, smooth ; Jamaica. Biam. 1-840". (xiii. 28.) 
stipes oloiigaUid, dolicate. KSA. p. 20, 


Genus POBOSLRA (Ehr.). — Frustulcs united into short filaments, having 
a distinct central stipes ; interstitial portion obsolete ; valve convex. Marine. 

In Podosira the lateral valves are vaulted, and the central portion is at 
first a mere connecting ridge between them. This ridge, however, becomes 
gradually bi'oadcr, and then double; afterwards an intennediato growth 
se])aratos the halves of tht) frustulo, which meanwhile do not increase in size ; 
and at Last, when the intennediato space equals the diameter of the original 
frustulo, two now frustulcs are formed by the addition of a hemisphere on 
the inside of each of the separated portions. The outer silicious coveiing 
still remaining, the frustulcs are connected in pairs, and appear like two 
globules within a joint. The valves usually have a central, coloured umbi- 
licus — an appearance which Professor Smith jittributes, in our opinion errone- 
ously, to an absence of silex at that point. 


Podosira Moniagnei (Kiitz.). — Frus- 
tulos siibs])lierical, dotted ; connecting 
sheath with parallel annular series of 
minute stiim. SBl). ii. p>. 49. f. 326. 
= 1\ Ailriatica^ ^le. on Biat. ; Mdosira 
glohifvra^ Ra A Nil. xii. Britain, France, 
&c. ■ (V. 61.) 

V.HonmMcs (Kiitz.). — ^Frustidcs oval, 
united into short inonilifomi filaments ; 
connecting sheath obscurely punctate ; 
lateral view with umbilicus but no rays. 
SBl). pi. 49. f. 327. =P. nummuloideSf E. 
(ii. 45.) Atlantic, Britain, &c. Bi- 
stingikished from the preceding species 
by its more depressed valves. 


P. maculnta (S.).— Disc with a large 
central umbilicus, which is bordered by 
an irrcgidar, fracture-like suture, from 
which radiate outwards several shadow- 
like bands ; surface punctated. SBB. ii. 
p. 54, pi. 49. f. 328. Common in deep 
water, guano, &c. Britain. It may bo 
identical with Craspcdodiscus Stella^ tj. 

P. comprensa, West. (viii. 34.) 

P. (Greg.). — Frustulcs trans- 

parent, ghussy, with very delicate oblique 
striao and scattered pimcta ; connecting 
zone distinctly striated ; disc without a 
distinct umbilicus. Grov MJ. vii. p. 85, 
pi. 6. f. 15-17. Scotland. 


• Genus MELOSIRA (Ag.). — Frustulcs cylindrical, discoid, or globose, con- 
nected into cylindrical conferva-like filaments, one or two lines pa.ssing 
round each frustule near the centre. =Gallionclla, Ehr. Maritime and acjuatic. 
This g(jnus is easily distinguished from the other genera of the Biatomaceoe 
except Pododiscus, with which the species in its first section closely con’espond 
in character. Tlie filaments arc remarkable for their conferva-like appear- 
ance, but may be known by their brown colour and very fragile nature. The 



816 


SYSTEU^TIC HISTOEY OF THE INFUSOETA. 


species are numerous, and sometimes differ very slightly ; we fear indeed that 
several of them have been constituted upon insufficient grounds. Attempts, 
more or less successful, have been made to remove some species, and to form 
with them new genera. We have used these divisions as sections, partly 
because we are unable to find at present differential characters sufficient to 
justify a more complete separation, and partly because we cannot decide 
absolutely on the proper position of several species. The following are the 
sections wc have adopted : — 

* Li/sujonium. — Joints globose or elliptic, with a ring-like keel round each 
valve. In tliis section the frustulcs resemble in form those of the two pre- 
ceding genera, but arc distinguished by their carinated valves. The suture 
is a ridge between the valves. 

2* OalTionella, — Joints cylindrical or suborbicular, with a single median 
furrow, and more or less rounded ends, generally Innately connected ; valves 
not carinated. The filaments arc more or less interrupted at their margins, 
and the junction-surfaces are not dcnticidated. 

3* Aidacosira. — Joints cylindrical, bisulcato, with more or less rounded 
extremities. The genus Aulacosira was proposed by Mr. Thwaites for 
“ those species characterized by the absence in the fnistule of an evident 
central line indicating the place of subseipicnt fissiparous division, but each 
frustulc having two somewhat distant sulci or fossula) passing round it.” Wo 
have found the sulci constant ; but Professor Smith believes the characters 
have no real existence, and owe their apparent presence in the species Mr, 
Tliwaites adopted as his type, viz. Melosira crenufata, Kiitz., only to accident, 
or observation under imperfect illumination. A careful study of the specimens 
from Aberdeen, upon which Mr. Thwaites himself founded his remarks, and 
of gatherings from various other localities, has failed to satisfy ” him “ that any 
essential differences exist between this s])ecics and other Orthosirue.” 

4 * Orthosira, — Joints exactly cylindrical, marked by a central lino, con- 
nected into an uninterrupted cylindrical filament; internal cavity often 
spherical or subspherical (Thwaites). Orthosira contains “ those species 
the frustulcs of which are not at all convex at the extremities, and wliich 
therefore form, by their close contact, an uninterrupted cylindrical fdament ” 
(Thwaites). Professor Smith distributes the species of Melosira under two 
genera, Melosira and Orthosira, which ho thus defines. Melosira : Fila- 
ments cylindrical, of numerous frustulcs, attached or free ; frustulcs sidiorical 
or subcylindrical, more or less convex at the junction-surfaces.” Orthosira; 
“ FUaraents cylindrical, of numerous frustulcs, continuous, attached or free ; 
frustulcs and valves cylindrical ; junction- surfaces plain, lino of junction 
usually spinous or denticulated.” We regret that in the present state of our 
knowledge we cannot adopt Orthosira as a substantive genud. Its junction- 
margins, indeed, are usually denticulate or spinoiLs, a character we do not find 
in Melosira as d(?fincd by Professor Smith ; but this character is not considered 
essential. In our opinion, too, there is greater affinity between “ Melosira 
distam^^ and “ Orthosira orichahea ” than between the latter and “ Orthosira 
sulcata.** Melosira is of peculiar interest, as it affords the most frccpicnt 
examples of that form of reproduction in which the valves of a frustulc sepa- 
rate, and a sporangium is formed between them, unattended by conjugation. 


• Fritsiuhs (mcircled with median and 
lateral ridyes. Lysigonium. 

Melosuia nummuloides (Dillwyn, 
Ag.). — Frustiiles spherical, very finely 
punctured; valves carinated. SBD. ii. 


60, pi. 40. f. 329. =ibr. discigeraj Ag. 
arine and brackish waters. Europe, 
America, (v. (34. xi. 14.) Diam. 1-1700" 
to 1-8(50". Frustulcs globular, united 
in pairs, forming a moniliform filament ; 
each divided into hemispheres by a cen- 
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tral ridge and crossed by fainter lines at 
each end. l^rofessor Kutziug describes 
it as of a golden coloiu* when dry ; our 
specimens are greenish. Sporaiigiiil frus- 
tulcs larger, conoatenakHl, originating 
from tlie tenninal frustule only. Ac- 
cording to KUtzing, the frustules in this 
species are ternatelj^, and in the next bi- 
iiately conjoined ; this does not coincide 
with our experience. Tlie only species 
likely to be confounded with it is the 
following. 

M. mlina (K.). — Smaller; valv'es of 
the biiiate frustules achromatic, smooth ; 
keels very line. Kll. p. 52, pi. 3. f. 4. = 
(JaUiouvlla nummitUnilea^ bll. p. 1(>7. 
j8. concatvnata^ more distinctly stipitate; 
frustules concjitenated by a distinct isth- 
mus, K13. pi. 3. f. 5. Brat;kish waters. 
Europe. This spticios diifers from M, 
nummuhndvs by its 1(?S8 conspicuous 
keels and more distinct stipt^s. Pro- 
fessor 8mith unites them; for “forms 
aberrant in these respi;cts arc ao fre- 
(Hiently intermixed with the ordinary 
frustules that ” he cannot regard such 
peculiarities as of specific; importance.” 

M. Westii (S.). — Frustules sub- 
globular ; valves conical, with truncated 
apices and a sutural and median sili- 
cious ring. SRD. ii. p. 69, pi. 62. f. 333. 
Stomach of Pecten, coast of Sussex. 
This species seems distinct in the 
strongly marked central and lateral 
ridges. 

2 * Joints hinatdy or ternaUdy conjoined : 

V(drcs With ronnded emh^ neither cari- 

niited nor denticulated. Gallionella. 

M. moniliformis (^Miill., Ag.). — Joints 
rather longer than broad, finely piuic- 
tated, binatoly conjoined, -w^th rounded 
ends. KB. pi. 3, f.' 2. = M. liorreri, Gr. ; 
Gallionella moniliformis^ E. Common in 
brackish and marine waters. Diam. 
1-800”. Kiitzing describes this species 
as having ternat^y conjoined frustules 
concatenated by a distinct isthmiLS. 
Sporangiid friLstules larger, concatenated, 
and, according to Professor Smith, origi- 
nating only in the terminal frustules of 
the lihiment. (v. 71.) 

M. lineata (DiPwyn, Ag.). — .Toints 
cylindrical, smooth, binately conjoined, 
•with rounded ends ; pairs closely adnate. 
KB. p. 53, pi. 3. f. 1 = Gallionella lineata j 
E. Marine. Europe. A single filament 
sometimes consists of from 1200 to 4000 
frustules, forming a chain 2 or 3 inches 
in length. Length of joint 1-1400” to 
1-430". 

M, (Kiitz.). — Smaller; articu- 


lations depressed, spheroidal, smooth. 
KB. p. 6il, pi. 3. f. 0. Marine, near CTix- 
haven. Diani. 1-1200". 

M. Juryenm (Ag.). — Slender; joints 
smooth, clongat(;d, w’ith two slight con- 
strictions beneath the silicious sheath; 
j uncti< m-surfaces con vex , h emispherical , 
closely concatenate. KB. p. 54, pi. 2. 
f. \ki.=^3LsiihJlt>xilis, SBB. pi. 5J, f. .3;3J. 
Brackish waters. Europe. l)iam. 1-800" 
to 1-1200". 'Phere is only one sutural 
line, having usually on each side of it a 
.slight constriction. As in M. ruriansy 
thii inflated joints an; interstifial, and 
closcdy united to the parent frustult;. 
M. Juryensii dillers Irom JI. suhjlejcilis 
in its marine habitat and more closely 
connected joints ; but wt; find it ditKcult 
always to discriminate them. The joints 
are more uniform than in M. rarians, 
usually longer in proportion to their 
breadth, and with luore-roiinded ends, 
especially in tlie new-formed valves. 
(v.03.) 

^\.sid)Jlexilis(\\.^. — Frustules cylindri- 
cal, smooth, binately conjoined, younger 
ones elongated, adult shorter, depressed 
ends slightly convex; pairs united by a 
short isthmus. KB. p. 53, pi. 2. f. 13. 
llivulets. Europe. Diam. l-oOO". Jle- 
sembles M. varians with the binate frus- 
tules connected by short interstitial pro- 
cess(;s. l*rofessor Smith thinks this 
species identical with Conferva lineata^ 
Dill. Sporangial frustules* as in M. mo~ 
nil if or mis. 

I M. varians (Ag.). — .Toints cylindrical, 
iiTcgularly binately conjoined ; ends flat 
witli rounded angles, closely adnate; 
disc with very delicate, radiating mar- 
j ginal striie. Sill), pi. 51. f. 332= 
nellu varians, Ehr. Fresh water ; every- 
where common. requalis, all the joints 
quadrate; M. ccqualis, \^. This species 
varies much, both in size Jind length of 
joints ; the margins of the filament are 
more or less interrupted ; but the ge- 
minate arrangement of the frustules is 
often very obscure ; the valves, although, 
as in most oth(;r Diatoms, tlnij'^ are really 
dotbid, appear smootli iinh'ss magnified. 
The .sporangifil cells are inflated and in- 
terstitial ; Frofes.sor Smith describe.s 
them as at first globular, but afterwards 
dividing (as in the preceding .mecies) and 
becoming cylindrical, whilst llabonhorst 
gives a completely different account of 
them. The latter says “ that on forma- 
tion of the inflated coll, its granule.s, at 
first irregularly formed, become oblongo- 
ovate. Motion takes place ns in ordinary 
zoospores. The cell opens, the granules 
i3 o 
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stream forth, and two eloiipfatiid cilia 
become A'isible at their hyaliiio smaller 
end. Their nlo^'ement lasts for a veiy 
short period; they settle down, and 
quickly equal or surpass in size the 
mother-cell.” If this description bo cor- 
rect, it will add an important hict in sup- 
port of their vi’getable nature. Professor 
Smith makes the followin;i' diagnostic 
remarks upon tliis species : — “ llie only 
species witli Avliich this form can be con- 
founded is M, sultflcxilis ; but J/. ranatis 
has the extremities of its frustules closely 
applied and partially truncatii ; those of 
sifli/Icxilis Jirii often more', or less 
separated by a mucous cushion, and di- 
stinctly convex. 31. suyhxilts, wlum 
in abundance, appc'ars as a dark-gi*cen 
iridescent mass. M. tuin'ans always pre- 
sents a rich golden-yellow or chestnut 
to the eye. The geminate arrangement 
of the frustules is conspicuous in 31. stth- 
floxilia, and indistinct in 31. rarinm.-' 
SB I), ii. p. 58. The fossil frustules of 
this spccii?s constitute the groatm* part 
of the eartliy deposits of wliite powder 
used in polishing silver plate, (iv. ; 
IX. *181; XV. 82.) 

3 * Fntfiiidcs cj/iimlrical, hina/fafc, with 
roumh(ljioiction~mftr(/ms. 

M. (Ustans (E., K.). — Slender; joints 
cylindrical, smooth or indistinctly punc- 
tated, with two distant, delicate, ring- 
like fuiTOws, all closely connected ; disc 
plane. KB, p. 54, pi. 2. f. 12. Fresh 
wat(?r. J'kirope, Asia, Australia, Africa, 
and America. Fossil, Bilin, &c. Diain. 
1-845G" to 1-804". Joints once to twice 
as long as broad. 

M.nuY///.s' (8. ). — .loints subcylindrical ; 
valves suhhemispherical, distinctly cel- 
lulate ; extremities more or less truncate ; j 
disc dotted. SBD. ii. p. 58, pi. 53. f. | 
380. = Cosdnodiacm minors SBD. i. p. 28, 
pi. 8. f. 30. Fresh water in Alpine di- 
stricts. Britain. According to Ih-ofessor 
Smith, this form hardly dillers from 
31. distans, except in the greater di- 
stinctiKvss of the cellules, and may not 
be distinct. 

}I. orichtdeea (Mertens, K.). — Slender; 
joints obscuixjlv punctahjd, mostly longc^r 
than broad, clostdy binately conjoined, 
with slightly ci-enulah? ends and two 
median furrows ; disc plane. KB. p. 54, 
t. 2. f. 14. = GaUionella tmricJudceaj Ehr 
Inf. Fresh watfsr. Common. Europe, 
Asia, Africa, and America. Youngm* 
mints twY) or tiiree times as long ns 
broad; older ones shorter. This species 
dilVurs from 31. ludica merely in its 


more obscure crenations and apparently 
smooth disc; and perhaps Frofessor 
Smith rightly united them. Its Hat and 
closely connected cuds distinguish it 
from 31. variuns, (v. 05 ; ^TII. 88.) 

]M. Italica (E., K.). — Slender; joints 
cylindrical, longer than broad, Avith den- 
ticulated (mds and twm median fuiTows ; 
disc with striated border. KB. p. 55, 
pi. 2. f. 0. = (hdlionclla lUdivay Ehr. ; Or. 
vrenatOy EM. many ligiu’os ; O. enmn- 
htia, K\. pi. 2. 1. f. 14 ; Mvlosira on- 
chakva, Ibufs, Annals, xii ; Atdacosira 
vremdatUy ThwYiites; Orthoairn onvhakoay 
SBD. ii. p. 01, pi. 58. f. 887. Fresh 
w^ater. Eiiropt', Asia, Australia, Afric.a, 
and America. (xi.21), xv.88.) ^.Bindc- 
ratio, Kiilz., more slender; joints four 
to eight times as long as broad, often 
inllated ; dist; striated, KB. pi. 2. f. 1. 
1 lamhurgh. Mr. 'fliwaites describes the 
sporangium as orbicular, Avith its axis of 
elongation at right angles to that of the 
frustiilo from which it originated; but 
Proftjssor Smith’s ('xperieiicc did not en- 
able him fully to coulirm Mr. TliWYiites’s 
observations. 

M. coarctata (E. ). — J oints smooth. It s 
habit is that of 31. rarians, hut its disc 
is not striated. EA. pi. 8. 5. f. 1). Mt?xico. 
(xi. 20 iS: 27.) Kiit/.ing unites this form 
wdth M. orichakca. 

M. Itosraaa (Bab.). — .Toints longer 
than broad, Avith tw’o broad conslrietions 
and dentated truiicale junction-margins; 
disc Avith radiating strijc and throe or 
more central dots. Bab D. p. 18, i. 10. 
= Orthodra spinosa, SBD. ii. p. 01, pi. 
Ol. f. 880. Euixipe. Caves, in moss, on 
trees, See . ; probably common. IMiich as 
they diiler ni appearance, the late J’ro- 
fessor Gregory considered that he had 
ti-aced the Liparoyyra spiralifi into this 
species; and certainly the tw’o forms 
are almost invariably found together. 
(V. 07.) 

M. lacvis (]<1.) = GatlivncUa ken's, EM. 
pis. 0, 14 & 88. Elircnbcn’g gives up- 
' Avards of fifty habitats in Australia, Asia, 
Africa, and America. IJis tiguros of this 
species differ considerably from each 
other, ami, in the absence of description, 
render it diilicult to form any idea of the 
specific characters. Ehrenberg (1. c. p. 
118) says it is allied to Stephanodisem 
Epukndron, and we strongly suspect 
that both these forms ought to be united 
to 31. Itoseana. 

M. pikaia (1^]., K.). — .Toints shorter 
than broad, smooth, Avith tAVo finely 
punctated, Avididy separated sutures. 
Junction-portions convex, smooth, often 
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naiTower tliaii tlui intermediate portion 
(cin^vulum) ; hence the liat-like form. 
KSA. p. Golliondkt pUmtaf EIlllA. 
1844 j M. pi. 35 a. 21. f. 11. Antarctic 
Sea. Diam. 1-648". 

4 * tToints cylindrtcalf connected into an 
uninterrujjted jUumvnt ; internal cavity 
often spheriem or sidfspheneaL 

M. arenaria (MooreJ. — Filaments 
alont, curved ; joints cylindrical, mostly 
shorter than broad, closely united with 
deuticidated jiinction-mar^^ins and a line 
of puncta on each side of suture; disc 
with radiating" strijc and punctated 
centre. Halls, A Nil. xii. pi. 9. f. 4. = 
Orthosira arenaria, SHI), ii. p. 59, pi. 52. 
f. 334; Gallionella biseriata, FM. pi. 15 
A, f. 5-7. Fi’esh water, hhirope. Ikisily 
recogniz(‘d by its great size. (viir. 17.) 

JM. undnfafa (K., K.). — Stout; joints 
longer than broad, constricted within the 
sheath, hence undulate; disc slightly 
convex, very tiiiidy radiati'd. KSA. p.29. 
= GaUionviki nndnlata, EJ\1. pi. 11. f 2, 3. 
Europe .and Africa. Professor Smith 
relers this form to M. arenaria. 

M. pnnctigera.=^ Gallionella 2 ntncliy era, 
EM. pi. 12. f. 9. Fossil. Gcrnmny. 
Ehrenberg’s figure rijprc^sents a largo 
.species, perhaps not distinct from M. 
arenaria. Joints within a common 
sheath, in one figure shorter, in another 
longer than broad, constricted on each 
side of the suture, and having a scries of 
dots along the junction-margins. Di.sc 
with niimerou.s riidiating dotted lines 
and a smootli umbilicu.s. 

M. Sol (E., K.). — Joints coin-like, 
five times shorter than broad ; disc plane, 
large, strongly and broadly radiated, with 
a smooth umbilicus and nafrow smooth 
rim. KSA. p. \\\.= Gallionella Sol, EM. 
pi. 35 A. 22. f. 12. Antarctic Sea. Rays 
84 ; suture of vtilves single. l)iam. 
1-336". This species rivals M. arenaria 
in size, and somhwhat resembles it in 
appearance, but is marine. 

M. Oculm (E., K.). — Habit of M. Sol, 
but larger, with equal and stouter rays. 
KSA. p. 31. ERHA. 1844, p. 202. Ant- 
arctic Sea. Rays 67. Diam. 1-240". 
Probably a state of M. Sol. 

M. Tympanum (E., K.). — Disc very 
•broad, with a smooth centre and a nar- 
row, finely striated margin. KSA. p. 31 ; 
ERBA. 1844, p. 202. .^Vntarctic Sea. 

M. caUiyera (E., K.). — Joints small, 
smooth, having the habit of M. distans, 
but with a single median suture and an 
enclosed, double, granular mass (a.s in 
M. iindalata'). KSA. p. 31. = Gallionella 


calliyera, ERBA. 1845; EM. pi. 12. f. 9 
k, 1. P\)sail ill pumice, Lsland of .Vseen- 
sioii. Diam. 1-1728". 

M. sculpta (E., K.). — Joints not so 
long as broad, densely striated, and ele- 
gantly sculptured with horizontal punc- 
tated lines ; suture a narrow smootli 
band; disc with radiating punctated 
lines. KSA. 31. = GaUiomlta sculpta, 
EM. pi. 33. 12. f. 20, 21. Fossil. Ore- 
gon. Diam. 1-060". Frustules oval. 

M. Canqn/losira. = Gallionella Cam- 
pylosira, EM. jil. 35 a. 13 n. f. 1-3. 
JOlbe. Rcsembh's M. sculpta, but smaller. 
Joints ^uborbicnlar, vritliin an uninter- 
riiph'd sheath, with horizontal dotted 
lines on i*ai:h side; of a narrow, smooth 
sutural int(;rspai (‘ ; disc with marginal 
radiating lines. 

M. Californiea (10.). — Joints broader 
than long, don -f'ly and strongly striated 
with horizontal ])uiictaterl linos; sutural 
interval smooth, not distinct. = GaUio- 
nella Californiea, JORHA. 1852, p. 534. 
Fresh water, (^ilifornia. Vmy miu*h 
akin to the foi^sil J/. sculpta, and botli 
forms closely approach M. yranulata. 
Frequently the }>ranulat(;d, doine-slmpej 
terminal discs are found dispersed 
amongst the truncated joints. Perhaps 
therefore this form, with 31. TToroloyium, 
should bo referred to the peculiar genus 
Sphicrotennia. 

M. Horohyium == Gallionella vel 
Spluerotermia lloroloyium, EM. pi. 33, 
2. f. 17. Fossil. Siberia, Wc have 
seen no description of this species, or of 
Ehrenbm’ij’s genus, Sphoerotermia. Frus- 
tule with horizontal strim interrupted by 
the smooth sutural band ; disc with a 
large, definitt', smooth umbilicus and 
distant radiating strijc, terminating at 
inner ends in a circlet of gland-like dots 
(tuberclc;3 ?). (v. 62.) 

M. arctica (l)ickie). — Joints globose 
or oval, smooth, the iiuMian sutural line 
generally single, but duplex in subcu- 
taneous division, with a smooth band 
intci*posed.= arctica, ERHA. 

1853, p. 528 ; EM. pi. 35 a. f 1, 2. Mel- 
ville and Kingston Hays. In lOhrenberg’s 
figures the frustules are within a common 
continuous sheath, and marked with hori- 
zontal series of puncta. 

]M. sulcata ^E., K.). — .Toints shorter 
than broad, with a smooth median fur- 
row and pinna-like cellules on each 
side ; disc furnished with radiating striie, 
which do not reach the centre. KH. p. 
55, pi. 2. f. 7. = Gallamclla sulcata, Ehr. ; 
Ortlwsira marina, SHD. ii. p. 59, pi. 53. 
f. 338. Marine. Frequent, both recent 
H o 2 
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and fossil, (ix. 131 and xi. 20.) This j 
species, which varies considerably in | 
size, is well marked by its short, slightly | 
angular joints, and its transvei’se sculp- j 
lure-like marks on each side of tlio su- | 
tiire. IMargiii of disc often donliciilate. I 
Diarn. 1-800" to 1-000". 

M. coromita (E., K.). — 31. sulcata in 
habit; joints cylindrical, striated; disc 
smooth, slightly convex, with a crenated 
margin and a circlet of poarl-liko gi‘a- 
niiles within. KSA. p. 31.= OalUonclln 
coronata, EM. pi. 38. 22. f. 5. Marino. 
Asia, Africa, I’atagoiiia. Diani. 1-8(U". 
It di tiers from M. sulcata only in the 
moi’c distinct crenations of tlie disc and 
the circl(‘t of dots. 

M. phuia (E., K.). — Habit of 31. sul- 
cata ; but disc plane, smooth, and neitlnu* 
radiated nor gimiidar. K8A. p. 31.= 
Oalliouclla plaua^VAWWX. 184o. Fossil. 
Patagonia. 1). 1-1 io2". This form may 
possibly be 31. sulcata^ with its markings 
d(‘stroy(Ml by igiK'Ous action. 

M. Ilctrurica (K.). — Small; joints 
cylindrical, smooth, twi(!(j as long as 
broad, with finely denticulah'd junedion- 
margins; disc convex, marked with 
dotted rays. KP. p. 55, ])1. 2. f. 0. Fossil. 
►San Fiore. Diain. l-3()()()" to 1-800". 

M. tfi'anuluta (E.). — .Toiiits longer than 
broad, with horizontal pnnctat(*d lines 
on (.'acli side of the median suture, and 
denticulatt'd jiinctioii-margiiis ; disc with 
a .series of marginal puncta. = OattUmclla 
tjranulafay hlA. p. 123; M. many figures ; 
(t. iciicrrhuaf lOM. pi. 30. f. 50; Ortho- 
sira puuctitta^ Sill), ii. p. 02, pi. 53. f. 
339. Fresli wat('r. Elirenlan’g givc.s 
upwards of 50 habitats in Europe, A.sia, 
and America. 

M. /3. ma.vhim. Disc with 31 mar- 
ginal denticMilations, and strongly akin 
to 3L sulcata. 

M. 3Iarc]i!ca (E.). — Pesembles 31. 
ijranulata ; but tin; dotti'd lint's ar(^ pa- 
rallel to tht^ .siiturt?, and not liorizontal.= 
GallmicUa3Iarcliica^ FM. several figures; 
G. proccra^ EM. pi. 15 a. f. 1. Fre.sh 
w.ater. Europe, Asia, Africa, and Ame- 
rica. 

M. (Iccussata (E.). — Pesombles 31. 
fframilatn ; but the dotted linos are dia- 
gonal and df'Ciissating. = GalHnnclla (Ic- 
cussata ^ I'iM. sevt?ral figures. Fre.sh 
^yator. Asi.a, Afn'ca, and America. 
Kiitzing includes, perhaps corrt'ctly, 31, 
Marchica and 31. ijranulata under this 
specit^s. 

M. lirata (E., Tv.). — Tins the habit of 
31. ijranulata, but with more (!onspi- 
cuous lines, disposed like the strings of 


a lyre. KSA. p. 31.= lirata^ 

EM. pi. 2. 3. f. 33. Fossil. Amtirica. 

M. spiralis (E.,K.). — Filaments curved 
and spiral ; joints small, oblique, longer 
than broad, or equal, loosely punctattal 
ill transverse series. KSA. p. 3l. = 6W- 
litmella spiralis^ EM. pi. 33. 13. f. 3. 
Fossil. Oregon. Diam. 1-2304". 

M. Americana (Kiitz.). — Frustules in- 
cluded in a jointed cylindrical tube, 
separated by dissepiments t)f the tube, 
elli])tic, with striated margins and a 
nit'diau furrow ; disc with radiating 
stri.'c, convex. K 11 pi. 30. f. (50. = Ortho- 
sira Americana. Diam. l-GOO". Appa- 
rently funiished with intiTual silicious 
cells. 

M. I>ivkmi (Thwaitos, K.). — Joints 
mostl}^ longer than broad, smooth f)r ob- 
scurc'lv punctated, except by (conspicuous 
dots bordering the suture ; disc obscurely 
punctate ; sporangia ? fusiform. K8A. 
p. 880.= 0>*//io.s77‘« Divldciiy Thwaites, 
ANJI. 2nd s(‘ries, i. pi. 12; Sill), ii. 
p. GO, pi. 52. f. 335. Fresh water. Chn e 
near Aherdocm. (xv. 20.) 4’ho fila- 
ments of this beautiful species consist 
gi'jierally each of from two to four frus- 
tules, wliich are hyaline and pevfectlv 
smooth ; central cavity filh^d with dark 
' red-hrown endocdiroino ; sporangium 
I fusifoi’in, marked with iinnu'roiis annular 
‘ constrictions, whoso fonnation is pro- 
I gi’essive, and Avhich go on increasing 
i until the sporangium is fully d(5V('loped 
! (xv. 20(5. 20 b. a fihnueut, the terminal 
! colls of which h.avc each commtmced to 
I dev(dopo a sporangium ; and f. 20 c. a 
j mature sporangium). This formation 
i thus occurs : at the cominenccniK'nt of 
I the formation of n sporangium, the ondo- 
; chrome, at fno same time that it with- 
draws from the end of the frustule, pro- 
duces at its centre an additional ring of 
cell-membrane ; and, this process con- 
tinuing to take place at certain intiirvals, 
each now ring of cell-membrane exceed- 
ing in diameter those previously formed, 
productis at length the structure repre- 
sented in f. 20 c ; or it may be a more 
correct explanation of the process to say 
that an entire new cell-membrane has 
been developed b}'^ the yoiinjy sporangium 
at the time each new ring has tscon 
formed, and that thus have originated' 
the s(jvoral chambers into which the ends 
of the sporangium are divid(;d; fissi- 
parous division suhse(i^uently takes place, 
and sporangial frus titles are deveiopeci 
from each half, as shown in f. 29 d.” 
Professor Smith doubted whether the 
fusifonn bodies arc sporangia, ns this 
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mode of development, in the formation 
of sporaiijjia, stands alone and unsup- 
ported — a serious difficulty in the way 
of adniittirifr ]\fr. Thwaites’a conclu- 
sions.’’ For this and other reasons, he 
was disposed to refer the ni’ocess to the 
developnient of internal cells, as in Mori- 
dion, llimantidium, Odontidium, and 
Achnanihes, and recorded his impwission 
tliat the process was not connected with 
the sporano-ia. 

INI. temm (K.). — Very slender; joints 
eylindriciil, smooth, lono-or than troad, 
closely connected, produced at their 
junction. Kll. p. 54, jd. 2. f. 2. In the 
polishiiii^ powder of Luiieherj*’. I Ham. 
1-57(10". 

]M. Oavijnmva — Very slender; 

joints two or three tiint>s as lon^ as 
broad, with stout, protuberant, indi- 
stinctly dentate junctions; disc tiat, 
punctated on the periphery. Ilab 1). p. 
14, t. 2. f. 8. Italy. After buriiinjr, it 
reminds one of M, tenicis. 

Doubtful and hnparfvctly described 
impedes. 

M. Dozyana (Van den Bosch). — Joints I 
cylindrical, iincly punctated ; length 
eciiial to or a little longcjr than the 
breadth. KSA. p. 20. Stagnant water. 
Holland. IHani. 1-1152" to" 1-770". 

M. circnlaris, = OalUonella clrcularis. 
hiM. pi. i35 A. 9. f. ;l. Asia and Anienca. 
Filaments sl(5ndor,eui'ved ; joints broader 
than long, closely connected, smooth, 
with a single sutural liiui. 

M . Galtica. = Gallionvlla Gullicaj EM. 
pi. 9. 2. f. 2. Fossil. France. The 
irnstulo has one diameter twice as long 
as tlio other, and no siiturij or striie. 

M. hdopluhi = GaUlonella halophllay 
EM. pi. 87. 5. f. 1. Europe. Fmstules 
niiimte, smooth. 

M. Umiala = Gallwuelta taitmUa, EM. 
pi. 89. 3. f. 05. Atmospheric dust. The 
liguro shows a single subquadrate frus- 
tule, without any distiiignisliing cha- 
racter. 

M. tracheatis= GaUionvtla trachealis, 
l^M, pi. 8. 2. f. 18. Hungary. Ehreii- 
berg’s figure is too imperfect to be in- 
telligible. 

M. laminar ui = Gallionella laminar is, 
EM. j)l. 80. 8. f. 04. Asia. The imper- 
fect hgiire shows striated jnnclion-mar- 
gins. 

M. Scala = Galliomdla Scala, EM. pi. 
8. 1. f. 24. Hungary. The figure ro- 
reseiits a slender coiitimions iilaiiieut, 
ividt?d into smootli quadrate joints. 

M. ? mesodon = Gallionvlla? mvsodon 


(^Fi'agilaria mesodon?), EM. pi. 11. f. 1(5. 
Bohemia. Filament slender, conti- 
nuous, with smooth subquadrnto joints, 
having two puncta at each outer niaigiii, 
as in hVagilaiia. 

M. ochracea, = GalUnnella fvrruyinva 
(llalfs). — Slender, oval, convex at botli 
ends; smootli. In many, perhaps in all 
chalybeate waters, and" also in pt*at- 
water, which contains a small proportion 
of iron, tliis is to be found ; it is of the 
colour of iron-rust, and in mineral 
springs, in which it abounds, is often 
taken for precipitated oxide of* iron. 1 1 
covei*3 everyltiing uiub‘r water, but 
forms so delicate and Hoccose a mass, 
that the least moiitm dissipates it. lu 
the spring of tlie year, this mass is com- 
posed of very delicate pale-yellow glo- 
buh's, wJiich can be easily sciparated 
from each other. Tliev mute together 
ill rows, likts short clianis, and product? 
an irregular gelatinous felt or floccose 
substance. About summer, or in aAituiiiii, 
they become developed into move e\ i- 
deiitly articulated and slilf threads, of a 
somewhat larger diameter, but still fonii 
a complicated mass or web, and, either 
from adhering to each otluu* or to deli- 
cate Confervfc, appear brjinelujd ; in tin? 
young condition, when examined under 
shallow maii’iiiHors, they rt?semble gtda- 
tiiio ; but with a power of 8(X) diameters, 
the flexible granules are discoverable, 
and, with dexterous management, thti 
little chains fonning the felt or Hoccose 
web can be made out. In summer, on 
the othtM’ band, its structure can bo ob- 
served much more easily and distinctly. 
Early in spring, the colour is that of a 
pale yellow ochre ; but in summer, that 
of an intense rusty rt;d. l)iam. 1-1200". 

Accordiug to fciitzing, this is not a 
species of Unllionella, but a Conferva; 
it has no true silicious lorica, as have 
true IHatomofe ; and the coating of oxiilo 
of iron is not an cssontial element, but 
merely aji incrustation, such as will form 
ou well-known Coiifervm placetl iiiub;!* 
like circumstances, /. e. in w'ater holding 
salts of iron in solution, wliicli are sub- 
sequently precipitated by exposuyo to 
the air, and converted into the red oxide. 

The same author difiers from hJireii- 
bevg as to tlie part played by the so- 
called GallunwUa fvrruyinva in the pro- 
duction of the oxiic of iron in clialybeate 
waters, of bog-iron on?, of’ clay-iron ochre, 
&c. For, he observes, in many springs 
i-ich in iron no such organism is found, 
although otlier Coidervie may be present 
— Conferva', liowe.ver, not peculiar to 
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such habitats, but common in springs 
and ponds generally. 

Mr. Kali's (op. eit. p. 352), however, 
in port siippoi-ts Ehreiiberg, declaring 
that, thougii identical with Confet'va 
ochracea (1 )ilhvyii), yet “ Elircnberg is 
no doubt correct in placing the plant in 
this genus, as the lilaments are silicioiis 
and cylindrical.’^ 

Niigeli describes and figures a species 
which he refers to the genus Gallionella j 
but it is a doubtful member, llis de- 
scription, however, Cwspecially that of the 
self-division, induces us to give it nearly 
in his own words, with his name (Kay 
Society, 1840, p. 210). 

M. Niujeli (K.). — Shortly cylindrical; 
diam. •0l4"' to ‘027"'. Marine. Naples. 

^^13oth the terminal surfaces of the 
cylinder are flattened ; so that, when seen 
sideways, it appears rectangular, with 
the angles rounded off. It is composed 
of one simple cell, whoso membrane is 
covered by a siliceous plate; and its 
cavitv contains chlorophyll-granules, 
whicli lie upon the monibrane in two 
circular bands, (xv. 20-28.) Each (jf 
these bands occupies one of the obtuse 
angles of the cylinder, and appears annu- 
lar from above, rectilinear from the side. 

In developing, the relative length of 
the cylinder increasing, a septum divides 
it into halves (xv. 28 c), which when 
complete, the latter separate as two di- 
stinct beings. The nascent chlorophyll- 
granules are cither spread equally over 
the surface, or more fi’equently aiTanged 
in radii from the nucleus in the centre ; 
they lie in the course of the currents 
streaming from the nucleus. Compared 
with a cell of Conferva, or of Spirogyra, 
all three agree in the forming of a septum, 


in the siniilanty of their contents, and in 
the depositions of extra-cellular sub- 
stance. But Gallionella dilfers from 
both, by the production of an individual 
from every cell, also by the chlorophyll 
fomiing two lateral bands, and the sili- 
ceous extra-cellular substance an inter- 
mediate one. 

“So far ns my investigations go, 
Gallionella, which, according to Ehren- 
berg, possesses a bivalvcd or multivalved 
shield, agi'ees with the above-described 
plant in all essential particuhms. The 
liiKis, for instance, which woidd intimate 
a division of the shell into two or more 
pieces, are the septa by wliicb the cell- 
division is efl'ected. As in the liliform 
Algie, these walls at tirst app(‘ar as deli- 
cate lines ; then, by an incrcjise of thick- 
ness, seem two clearly deiined lines ; and 
at last present themselves as two lainollai, 
separated by an intermediate third line. 
Tlnj perforations which Ehrenberg de- 
scribed, I look upon {IS nothing more 
than intercellular spaces, fonned be- 
tween the two new-formeei cells and the 
parent cell. 1’hese so-called perforations 
jire only visible, therefore, on the two 
lateral borders where the wall abuts 
upon the membrane. The Confervoid 
Algae exhibit a similar appearance.” 

Galliondla (?) Novee llotlandim (Ehr.), 
Avon Kiver, Australiii ; G. f/ibha (Ehr.), 
fossil, Georgia; G. pimclata (Ehr,), 
Western Asia; G, tivefa (Ehr.), Ural 
Mountains ; G. (jemmaia (Pilir.), Hiberia; 
G, linvolata (Ehr.), fossil, North Asia; 
G. undata (Ehr.), llimalaya IMountains; 
G. curvata (Ehr.), India; G. vaijimita 
(Ehr.), India; G. Nilotica (I<]hr.), Kiver 
Nile, are spepies known to us only by 
iiamo. 


Genus ARTHKOG YKA (Ehr.). — ^Thc characters of this genus are unknown 
to us; but, judging from Ehrenberg’s figures of the species, it seems to have 
been constituted for the reception of those forms of Molosira' which, like M. 
Dichieii, produce liorizontal, elongated, tapering intci nal bodies or sporangia. 


AnTHnoGYRA GuatimahmsiSf EM. pi. 
33. 6. f. 1. Fem-earth. Guatemala. — 
Filament straight, jointed, with cronated 
margin, and straight, fusiform intenial 
body. 


A. stmnlunarisf EM. pi. 33. G. f. 2. 
Guatemala. — Filament jointed, curved, 
with crenate margins, and semilunate 
inteniid body. 


Genus DISCOSIKA (Kab.). — Frustulcs united into a short filament, with 
a thick mucous covering ; in lateral view circular, having a uniformly pimc- 
tate centre, a border of numerous (24 to 33) slightly curved, oblicpie, ray- 
like lines, and a marginal crown of teeth (50 to 04). 

IliscosiRA sulyfifa (Kab.). — Frustulcs | row.s, which coiTOspond to the teeth of 
m front view with deep trsnsverso fiu- | the lateral surface. KabP. p. 12, t. 3. In 
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a lagoon at aVranficdonia, cast coast ol* laic, but requires the bigbost inagnifv- 
Italy. Each tootli is minutely deiiticu- iiig powers to ascertain it. (v. 08.) 


Genus LirAliOOYUA(EJu’.). — Frustulcs simple, cylindrical, each having 
an internal spiral filiform hand or crest. 

The habit of this genus closely resembles that of Spirogyra, a non-siheious 
genus of Algie. 


Lii'ARooYiiA (hnih'otvros (E.). — 
Frustulcs smooth, cryslnlliiie, llireo or 
four timi?s ns long as broad, with an 
internal spiral band ; margin of disc 
denticulated. Itab 1). p. 12. = L, aptralis, 
EM. pi. 04. 5a. 1*. 1, 0. On trunks of 
trees. Veiiczuehi. Thirteen svuvals in 
1-OGO". (v. 72.) 

L. rircithtrifi (E.). — Frustnlc with 10 
aniuibir turns of internal line in 1-000". | 


Kab. 1. c. p. 12. With the prect'ding, and 
in IJrazil. I^Iirunberg says he is not 
satislied wlietlior the preceding arc di- 
stinct species, or imu’ely varieties. Each 
Inis a smooth disc, witli three central 
apiculi. 

L. scafan's, pi. 04. 5 a. f. 2. South 
Ani(‘riea. Ehrenberg’s ligure represents 
the friistidt; in front viiiw as «lividcd by 
cross bars in a hiddi‘r-like ninnnev. 


Genus P01l()CYCLIA(Ehr.). — Ilescmbles Liparogyi*a, but is without spires, 
has interior cinailar rings, and the margin of its disc-like ends a circlet of 
dee]) impressions. \Ye doubt Avhethcr this genus is suflicicntly distinct from 
Liparogyra. 

^ PoROCYCLTA dendropldlu (E.). — I r.adiating seaios of puncia, and 5 central 
Frustulcs sinooth, Svith 1) annular lines 5 1 apiciili. llabl), p. 12. On trunks of 
disc with 12 marginal depressions, I trees. Venezuela. \j. 1-020" ; w. 1-500", 


Genus STEPHANOSlllA (E.). — Fmslulcs united into a short filament ; 
disk with radiating series of minute puncta, and a marginal crown of teeth. 
In form this genus resembles Stcphanodiscus, but differs from it, and becomes 
allied to Mclosira by its imperfect spontaneous division, and conse(]Uont con- 
catenation. In Mclosira, however, the circlet of spines is wanting. We arc 
unacquainted witli this genus ; and its characters scarcely suflice to distinguish 
it from Orthosira. All the known species arc found on trees. 


Stfpiianosira J^imhndron (E.). — 
Front view with punctated transverse 
lines and furrow, llab D. p. 14. On trees. 
Venezuela and Jjrazil. Lfu’ger diameter 
1-432"; smaller 1-4320". 

8. Jlamadrym (E.). — In front view 
smooth, but with junction-margins stri- 
ated; disc having marginal radiating 
puncta, and its? centre a few scattered 
dots. llab. /. c, p. 14. On trees with the 


preceding species. Diameter 1-720". 

S. Knropfea (E.). — Frustulcs often 
broader than long, smooth, but with very 
faintly striated juiictioii-inargins. llab. 
/. c. p. 14. Among mosses on trees at 
Derliii. Much smaller than the preced- 
ing. Chain tunned of three to foiQ- frus- 
tules, each 1-2304" to 1-1152" in depth ; 
rarely 1-1200" in width. 


Genus 8TEPHANODISCU8 (E.). — Disc with radiating series of pnneti- 
forpi granules, and furnished with a crown of erect marginal teeth. A(]uatie. 
8tcphanodisci approximate in character to Cyclotolla, hut ditfer from them 
by the circlet of teeth. They also approach closely to tlic non -cellulose 
Coscinodisccic, and seem to have as good a claim to rank with that family as 
with the Molosircac. Stephanodiscus diflbrs from Odontodiscus in the same 
manner as Peristcjihania docs from Systephania, and in our opinion might, 
without iiiconvcnicnco, bo imitcd to it. 


STKi'iiANODiscrs Bcrolhwiisdi (bb). 
— Small, discoid ; disc plane, tinoly radi- 
ated, and fiiniislicd with.ncuio marginal 


teeth (often 32) on each sub\ l\SA 
p. 21. Alive, Dcrlin. Diam. 1-1 152". In- 
ternal granular substance broAvn, lobed. 
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8. JEimitiiicus, EM. pi. 33. 1. f. 16. 
Ejrypt. Ehrenbcrjv’s ligiu’o rtjproaoiits 
the disc with series of pTincta mdiating 
from the centre, without a distinct um- 
bilicus, the teeth uumerous, subulate, 
and ertict. (v. 09.) 

S. SuioisiSf KM. pi. 34. 7. f. 7. Canton. 
Elirenberg’s fioiiro shows the piincta 
arranged as in S. jEtjiipiiam.% but the rim 
sti-iated, and the teeth nodide-like and 
intra-iiiarp-inal. 

iS. Bramaputva:, EM. pi. 35 a. f. 0, 10. 


G angles. Puncta as in the foregoing 
.sj)ecies, the rim furnished with short 
triangular teeth. 

S. Ni(i(farco (E.). — Frustnles small; 
disc with numerous (often 04) serh*s of 
)unctiform granules radiating from a 
arge granulated umbilicus, and as many 
I acute marginal teeth ns niys. EIVI. 

' pi. 35 A. 7. f. 21, 22. Niagara. This 
j species is distinguished by its granidatcd 
I umbilicus. 


Conus PElllSTEPIIANIA (Elir.). — Frnstules simple, discoid ; disc willi 
decussating parallel series of granules, and numerous marginal teeth. Man- 
tiiTK?. “ The cliaracters of this genus so well agree with St(^phanodi.scns that 
[)erhaps wc might more correctly rehu- the deep-sea form to that genus. Jhil 
as the hitherto known Htcphanodisci arc all llviviatile, and the maritime form 
in the order of its cellules very nearly approaches the purely maritimo Ooscl^ 
nodisciis liueaiiifi, I have preferred not mixing (hiviatile Stephanodisci with 
a doubtful maritime form. rinha])s the How in d(>op water may have com- 
mingled a fluviatile form with the mantime ones. Should, tluu’cforc, a similar 
form be horeafler found in any river, this generic name must be eaiicelh'd, and 
tli(^ form placed in Stejdianodiscus ” (El MIA. 1854, p. 236). As wc consider 
habitat altogelh<*r inadmissible as a generic distiiudion, wc would distinguisli 
Stoplianodiscns and J*erist('pliaiiia by the radiating granules of the former, 
and their parallel arraiigi'nieiit in the latter germs. AVo sliould jirefer to 
unite this genus with Sysie])hania, which differs only in having intra-mar- 
ginal t(*etli. Poihai)S ev(‘n Ooschio</iscnft fineatm might bo included, thus 
making the paralhd arrangement of the granules the essential character. 


Pkristetiianta Eidycha (E.). — 
I lahit of Coscinotlificm litirafas ; margin 
of the disc Jirmcd with mniKa’ous t?n!ct, 
cTowdcd troth. EM. pi. 35 n. 4. f. 14, 
Deep soundings of the Atlantic, (v. 73.) 

P. Humta (])].). — licseinblcs 1\ 


Eidpchitf but its U'cth are fewer and move 
distant. EM. pi. 33. 13. f. 22. Culifoiiiiaii 
dtjposit and guano. 

Ill both sp(‘cit!.i the teeth arc miuuto 
and triangular. 


Cenus PYXTDTCULA (Ehr.). — Frustnles simple or binatcly conjoined, 
fre(j or adiuile, Invalvcd ; central portion obsolete ; valves very convex. In 
ryxidicula tlio trustulo forms a bivalved box, and differs from Cyclotcllain its 
vaulted valves and the abscMKje of an interstitial portion. The same characters 
distinguish it from all the Cosciiiodiscoa). As first constituted by Ehreuberg, 
J'y^idiciila contained very hct(*rogcneous fonns ; by the formation, however, 
of Afastogonia, Stephanogoniu, Steidianopyxis, and Xanthiopyxis as distinct 
g(MU*ra, this defect has bc(!ii in a great measure removed; but wc believe it 
still includes some doubtful species, llictyojiyxis wfis separated by Ehreii- 
l)(‘rg, first as a subgenus and afterwards as a genus, for those forms character - 
izixl by the cellulose stniclunj of the valves, leaving in the original genus the 
smooth and punctated species. AVc have thought it more desirable to regard 
Dictyopyxis as a Hubgi‘nus only, until some of the species aro more fully 
known. 


* Frustnles smooth or minnlehj piinctate. 
I'yxidicula. 

rvximcn.A operrututn (E.). •— Fni.s- 
tulcs small, orbicular, hyaline, punctated. 


EM. pi. 16. 1. f. 46. = P. 7mnor, KSA. 
p.2l. Fossil, Sweden ; recent, Asia, Eng- 
land ? Diani. 1-1440" to 1-570". Valves 
joiiKid by a distinct suture. Kiitzing 
refers P. opcrmlntn (E.) to Cyclotolla. 
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P. Ailrialiva (Kiltz.). — Adnate, sessile, 
of middle size ; valves convex, nearly 
liennspJierical, very smoolli. KP. t. 21. 
1*. 8. Adriatic, (xiii. .‘lil. ) Diam. 1-(K)0''. 

P. ? pi'(dvxta (I'l.)* — Valves pfciniiinte, 
sliglitly hispid, neither cellulose nor 
ratliati'd, but bordered by a raised limb ; 
middle ilat. K8A. p. 22. Fossil. Greece. 
Diam. 1-1152". 

I*, r' urceoliiris ( hh). — Valves ofeminate, 
imeqiud, nrceolate (the one more convex, 
elongated, the other shorter), each \vith 
a plane, raised limb ; ctdlules none, but 
about ten smooth rays in the loiij^er, and 
eij»lit apiculaUi ones in the shorter valve. 
= JJicfpojjpxis Hrevofarisj FM. pi. 18. f. *‘l. 
Fossil. Virginia. Diam. 1-1728". 

P. hm/a (h'.). — Oblong, two and a 
half times as long as broail, cylindrical, 
willi rounded eiuls; suture longitudinal. 
K8A. p.22. Fossil. Virginia. L. 1-1080". 

2 * Fnialules celhdoae. Dictyopyxis (-E). 

P. cntcinUt (F.). — hVustules oblong, 
with rounded ends; cellules large, ar- 
ranged in paralhd lines; rim distinct, j 
10 M. pi. 18. h 2.=i Coscinodiscus cruciatus, j 
K8A.p. 125. 

Iu‘II(‘niva, smaller= Divfyopyxis Ilel- 
Ivnicaj IilM. jil. It), f. 13. Fo.ssil. America. 
Guano, &c. h'requently the disk has 
.some SiU'ies of its ctcjilules more con.spi- 
ciious and forming a cross. A alvcs cam- 
pan iilate. 

P. Vylindi'm (F.). — Cylindrical, with 
rounded ends, three times as long a,s 
broad ; valves with ob.sciire rows of cel- 
liilo-s. FM. pi. 18. f. 8. Fossil. 3Iaiy- 
land. Diam. 1-000". Valves cainpanu- 
hite, separated by a snluro. 

P. Lma (hi). — Frustules JAterally de- 
pressed, lenticular, cellulo.se ; valves in 
front view semidliptic. EAI. pi. 18. f. 5. 
Fos.sil. Virginia. Diam. 1-G8(*i". The 
frii.stulc is oval in the front view^, the 
suture forming tlm greatest diameter. 

P. areolala (F.). — Valves with a 
heptagonal, areolatc, punctated centre, 
and seven lateral punctated aroohe. 
IvSA. p. 22. North America. D. 1-000". 

P. yemmifera (E.). — Valves turgid, 
cry.staliiiie, not bordiu’od, funii.slied with 
lax series of crystalline nodules, hftcen 
o.f which very nearly reach the smooth 
centre. KSA. p. 22. Fossil. Mar\land. 
Diam. 1-702". 

^ P. compressa (Pail.). — Frustules’cJlip- 
tic, bivalx e ; valves separated by a plane 
passing through the longer axis, slightly 
convex, and xvith transverse row s of dots. 
PC. ii. p. 40, f. 18, 14. Florida. 

P. dvntnta (F.). — Frustules having the 


; convex margin furnished xvith (irregular) 
I sliglitly prominent little teeth ; collides 
j ratlier large, 0 in 1-1200". KSA. p. 22. 
i Antarctic Ocean. Jliam. 1-840". 
j P. f limlmta (F.). — Fru.ytiilcs oblong, 
j xvith a central k(‘el ; valves shoxviiig in 
I front a cmitral cellular surface, and 82 
‘ to 40 radiating lines; bordm* not ccl- 
; lulose. = Sfip/taaopt/xis limbatiif FM. 
pi. 18. f. 7. F().s.sil. Aiaryland. D. 1-702". 
h'ihrenberg’s figure is oxal, and has a 
broad, distantly stnated, but not cellu- 
lose rim, n»d in its centre scattered gra- 
nules. • 

P. vridata (F.). — Frnsl ules xvith gomi- 
I iiate, lenticular valvtjs, xvliich are close 
i together, not xvinged, xvith a somexvhat 
; prominent margin like a thin suture ; 
j cellules of disc iu \\)\\f^. = Strph(tnopyxiii 
j enstata, FM. pi. 18. f. 0. Fossil. Vir- 
ginia. Diam. 1-81(1". hdireiiberg’s ligure 
.somexvhat re.senibles that of P. limluda ; 
but the cellules of the oval valve are 
i (rroxvded, and the striated rim is iiar- 
roxver. 

Obscure or doubtf ul Species, 

P. (Kiitz.), — Smooth, one side 

orbicular, girt xvdth a meinhraiioiis wing- 
like ring; tlio other side oval, one mar- 
gin more convex, umbonate in tJio mid- 
dle. KSA. p. 880. Switzerland. 

P. Actinocyelus (F.). — Frustules xxitli 
tw’^o flatteiKid, linely cellular and ele- 
gantly radiated valves; rays 80 to 40, 
straight and dense. l^M. pi. 18. f. 10. 
= CycloteUa ActinneyeliiSf KSA. p. 20. 
Fossil. America. Diam. 1-720". Fhreu- 
beig figures only the lateral viexv, xvhich 
in its radiating series of dots resembles a 
Cosciiiodiscus. 

V. Seurabccus (F.). — Oblong, with 
unequal valve.s ; xvluui viexx’^ed laterally, 
recalling the figure of the Scarahaius. 
= Dictyopyxis Scuruhems, F. Fo.s.sil. 
Virginia. Diam. 1-048". Cellules 14 iu 
1-1150". 

V, major (Kiitz.). — Frustules largo, 
elliptic, regularly^ punctated. KP. t. 1. 
f. 25. North Amen'ca; Franco. Diam. 
1-420". Ih’obablv a state of i*. cniciutu. 

1*. ylobufa, — \Vo iii.sert under this 
1 name certain spherical bodic's of a dia- 
motor varying from 1-240" to 1-1150", 
discovered in 1B8>0 by Ehrenbiu’g in 
flints near Pevlin, and considered by him 
to belong to ilio silicious Diatoniacore. 
Kiitziiig has examined these bodies, 
xxiiich occur along with silicious spicula 
of sponges and species of Xantliidiiim 
and P(‘iidinium, but does not consider 
llicm Pyxidicuhe. The section of pebble 
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containing’ these speciiiK'iis, iVoiii which 
Mr. IJauer’a drawings (xvir. /5()(.>-509) 
Avere made, was found on Jhiglifoii 
beach. The ligures are magnilied 100 
diameters. 

P. prism, EM. pi. 37. 7. f. 3. This 
species is found in Hints, and is probably 


the same as tin; preceding. 

I*.? f/i//fis, EM. pi. 33. 13. f. 18. Fossil. 
California. The figure shows a large 
orbicular disc, with distant scattered 
dots, and no siitim^ 

1*. ilecmsata (E.). — Found in the chalk 
marl of -d^giiia. 


Genus STEPHANOPYXIS (Ehr.). — Frusiulcs simple or united into short 
filaments, in front view orbicular or oblong, composed of hvo cellulose valves, 
each having a crown of teeth, siiines, or membrane ; central i)ortion obsolete ; 
lateral view circular. ‘‘ This group includes those Pyxidiculoc which have 
turgid forms w'ith a cellular surface, beaiing in the middle of th(i valves a 
croAvn of small teeth, prickles, or a membrane ” (Pailey). 'flic fossil species 
appear simple ; but as recent specimens forming short filaments have betui 
obtained by the Kev. 11. Cresswcll and Mr. Norman, probably the others also 
were originally so formed, but, as the crowns prevent the close union of the 
frustules, they become more easily disconnected. The vfdves agree in their 
turgid form, rounded ends, and cellulose structure's with Pyxicliciila ; but their 
coronets will easily distinguish them. 


Stephanopyxis lYiadima (E.). — 
Valves htanispherical, with parallel, 
straight rows of celluhis ; centre of disc 
depressed, with a circlet of iiunuirous 
toetli (20 to 66)^=~Pijxi(limla Dimhmu, 
KSA. p. 21. Fossil, Virginia j guano. 
J)iam. 1-570". AVe hav 0 seen tNvo fras- 
tulea connected. 

S. Tun is, — Frustules cylindrical, cel- 
lulose, ends depressed at the centre and 
fiu'iiished with a crowni of spines or pro- 
cesses, which are truncate or clavato at 
tlieir apices ; areoho hexagonal, 7 in 
•001”.= Crcsstvellia TurriSfGivv, in GDC. 

5 .04, pl.O. f. 109. In stomach of Ascidia. 

eigniiioutli, Hull, &c. Fossil in guano. 
We regret being unable to accept the 
genus Cresswx-llia, as we believtJ all the 
species of Stephanopyxis, when niceiit, 
have the frustules connected by their 
coronets ; S. Diudemu, a species closely 
allied to the present, wo have found so 
imited in specimens from guano. This 
character has probably escaped detection 
only because in all filamentous ibrms the 
fossil frustules arc usually separated. 
The coronets of numerous non-attenuated 
spines distinguish this species, (v. 74.) 

8, apiculata (1^.). — Fnistules oblong 
or subcylindrical, end broadly rounded ; 
cellules not crowded, arrangc^d in longi- 
tudinal rows ; centre of disc with a few 


elongated spines, EM. pi. 10. 13. f. 0. 
America, Ihirope, guano, &c. 

S. appendicnlata (1^.). — Frustules in 
front view subglobose, coarstdy and 
closely cellulose ; segimuits with rounded 
ends, each with an cxcentric, short, horn- 
like process. EM. pi. 18. f. 4, Fossil. 
Vii’ginita. Diam. 1-024". Processes trun- 
cate, not central ; cellidos forming a 
crenated margin. 

S. turaida (Grev.). — Front view cylin- 
diical-oblong ; junction-margins sub trun- 
cate, with rounded angles and a crown 
of elongated spines \vith dilated apices ; 
areoljc 11 in ’001 . = Crvsswvllia tunfida, 
Grev MJ. vii. p. 105, pi. 8. f. 14. Cali- 
fornian guano. This species is nearly 
redated to S. Tunis, but diJfers in the 
larger, moro truly cylindrical and trun- 
cate frustules, and in the considerably 
sinalh'i* areolation, Grev. 

S. fvrox (Grev.). — Front view oblong ; 
valves subglobose, campanulate, hispid, 
with a crown of elongated spines and a 
thin, hyaline, pniminent sutures ; areoho 
largo, 5 in *001". = CrcsswvUia? frrox, 
GrevMJ. vii. p. 100, pi. 8. f. 15, 10. Ca- 
lifornian guano. The valves are ex- 
panded at their junction so as to form 
a sutural keel, as in some species of 
Pyxidicula. (v. 75.) 


Genus XANTIHOPYXIS (Ehr.). — ^Valves turgid, continuous, entire, non- 
cellulose, hispid, setose, or winged. = Pyxidicula oUm. Fossil. “ These forms 
are Pyxiflicuhi with bristles, seta), or wings. Thtjy have the habit of Xaii- 
thidium and Chajtotyphhi, but ani bivalved and silicious.” The true affinity 
of this genus is doubifid ; we have scon no spc^cies which is circular in the 
lateral Aiew, and consoqucntly consider them misplaced in the Mclosirca) : 
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but, from our insuftioient acquaintance witli them, we are unable to decide on 
their proper position, and have not attempted their removal. Are tliey akin 
to Goniothccium ? 


Xanttttopyxis (jlohosa (E.). — Frus- 
tiiles subj^lobose, hispid, with short setae. 
= Pyxi(l{cula tflohosa, K8A. p. 2t‘i. Fossil. 
Bermuda. IJiaiii. 1-652". 

yi» ohlonffa (E.). — Frustulea oblong, 
equally and broadly rounded at each end, 
densely hispid, with short setie, which 
are soiuelinies joined by a iiiembrane. 
EM. pi. 33. 17. f. 17. = ryxidiciihi.(K.). 
Fossil. Virginia. E. 1-552". (v. 70.) 

X. constrivtd (E.). — Frustules oblong, 
constricted at the middle, and broadly 
rounded at each end, hispid, with short 
setae, which are often joined by mem- 
hximi\=Pjjxidicula coiistncta, KSA. p. 23. 
Fossil. Bermuda. L. 1-384". Dillers 
li'oni A'', ohlontja by its constriction. 

X. Inrsuta (E.). — Frustules bivalved, 
siibgloboae, not cellulose, rough with 
simple and obsoletely forktid liairs. = 
Pi/xidivffht? hirsuta, ERBA. 1845. Fos- 
sil. Maryland. Diain. 1-115". Habit 


of Xanthidium, but silicioiis. 

X. iirceohina (E.). — Valve urccolate, 
with the Hiinimit bristly ; inargin revo- 
lute. EM. pi. 33. 10. f. 14. Fossil. Vir- 
ginia. Diam. 1-1500". [EhrciibergJ 
luive only met with single valves. In 
form they ri'semble Steplianogouia, but 
are not angular.” 

X. (ihtla (E.). — Frustules smooth, ob- 
long, (‘ach ('lid equally and broadly 
roundi'd ; margin of the valves bordered 
by a lacerated or dec'jily dmitate, not 
setose membrane. = PyxidicHla alata, 
KSA. p. 23. Fossil. Bermuda. 1). 1-552"* 

Doubtful Di(dum. 

X. amlvata {Yj.)^Pyxidiculit aculmla. 
The iiguve inMicrog.pl. 18. f. 124 shows 
a globular spinous body, resi'inbling 
some sporangia of the Desmidieaj. Eh- 
reiiberg himself regards this as a very 
doubtful Diatom. 


Genus INSILELLA (Rhr.). — Frustules simple, equally bivalved, (*ylindrical 
(fusifoim), with a turgid ring iiiteiqioscd in the middle between the valves. 
Idarine. Resembles a cylindiical Bidduljihia. 

iNSiLELnA (E.). — Frustides others decreasing at each end, oblong; 

fusiform, smooth, four times constricted ; (‘.ach apex acuminated. KSA. p. 32. 
the middle joint largest, subglobose ; the Mouth of the river Zambese, Alrica. 


FAMILY Vlll.— COSCINODISCEH^. 

Fnistnlcs disciform, mostly simjilc; lateral valves or discs flat or convex, 
cellulose, arcolato or grannlate, w ithout processes, but sometimes furnished 
Avith spines or teeth ; conifecting zone liiig-likc and generally smooth. The 
Coscinodiscem arc closidy allied to the Melosireac, — a fact noticed by Kiitziiig 
himself, although in his arrangement the families are wddely separated. The 
distinction between them is by no means satisfactoiy ; according to Kiitzing, 
it consists in the *0011111080 or arcohitod structure of the Cosciiiodiscete. But 
Avhilst on the one hand w'c find in the Melosireac some species of Pyxidiciila 
and Stephanopyxis with coUulose valves, on the otlun* hand, in this family 
some species jiro merely granulate or punctate. Practically^ however, the 
proper situation of the species can generally he determined without much 
difficulty. In the Coscinodisccu) the frustules ne\'er form flhinuuits, the C(xi- 
nccting zone is alway's present, narrow and ring-like, and the lateral valves 
are never so convex as to be licmisphoncal or campnnulatc ; so that the disk 
is almost always in the field, it being difficjult to obtain a good front view. 
Most of the forms included in this family are marine, and many are remark- 
able for their exceeding beauty. 

Genus COSCIKODISCUS (Ehr.).— Fnistulos simple', discoid ; disc ccllidar 
or dotted, without processes, defined border, internal septa, or division into 
radiating compartments. “ TJie only’ essential cliaractcT that distinguishes 
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this gonus from Cyclotclla is the arcolation of the sccontlaiy surfaces” 
(Mcneg.). “ This genus finds its nearest allies in the Mclosirea), whose 
genera, from their filamentous character, stand widely ai)art. "Were the 
frustules of Cosclnodiscm cccenfricns, for example, permanently coherent after 
self-division, it would be difficult to separate them, in a generic point of 
view, from those of Orthoslra nivalis, which have the same cellular structure, 
or from those of Melosira aurichalcea or M. sulcata, Avhich are furnished 
with a projecting fringe of silex, the honiologuc) of the spinous j)roccsses in 
C. sccentriciis^’ (Smith, 111), i. p. 23). Coseinodiscus is easily distiiigiiishod 
from most genem in this family by a disk not divided into compjirtments. 
In the greater number of species the cellules have a radiating arrangement, 
and become smaller near the margin ; the former character, however, is fre- 
quently obscure, and is best seen by^ as low a magnifying power as will suffice 
to determine the cellular or dotted stinctiire. 


* Disc with, a few central larger {gene- 
rally ohlong) cellules, stellately arranged, 
and forming an wnhilical rosette (^rini 
striated), 

t Disc large, and its cclhdes distinct. 

CosciNODiscus centralis (E.). — Cel- 
lules minute, nearly (‘qual, in crowded 
radiating sorites j umbilical rosette of a 
few oblong cellidcs round a cinuilar one. 
KM, nl. 18. l\ 3i) i GDC. )). 28, pi. 3. f. 50. 
Fossil. Virginia and bVdly. A largo 
species with striab.'d rim. 

C. omphulanlhus (E.). — Cellules in 
radiating series, marginal ones smaller, 

7 to 8 ill 1-12()0", middle ones largi^r, 
0 in 1-1200" ; umbilical rosette of 7 or 

8 largti oblong cellules. KS.V. p. 125. 
Bermuda deposit. Disc large. D. 1-90". 
Mr. Brightwell finds it difficult to distin- 
guish this species from the following, 
and considers their specific characters 
iiiisatisfaelory. 

C. Oeutiis Iridis (E.). — Cellules hex- 
agoUtal, in radi.ating serje.s, smaller at 
the margin find inair tlnj umbiliirid rosette, 
which IS formed of from 5 to 9 large 
oblong cellules. EM. pi. 18. f. 42. Fossil 
and recent. America, Europe, Milford 
Ihiveii, &c. TJiis largo specitjs, when 
dry, is marked with coloured rings, — an 
effect apparently due to the pe(nili.ar 
nmingemeiit of its cellules. It differs 
from C. centralis in its larger cidlules, 
and from C, asteromphalus by the absence 
of a veil. “ This species, both in the 
recent and fossil specimens, oftiui ac- 
quires a size not much inferior to that 
of C, gigas ” (Bailey). 

C. borealis (Bail.). — Disc having at 
its depressed centre a conspicuoiLS star, 
foimed of about (> larger cellules. The 
rest of the surface covered with inter- 
niptedly radiant lines of prominent hex- 


agonal cellules, which increase regularly 
from mm* the centre to the convex 
margin.” B. in Amor. Journ. of Science 
and Arts, 1850. Sea of KainschathcT;. 

Tills resembles C. Ocidas Iridis j but 
the cell i des forming the star are more 
rounded, and the other cellul(?s are 
larger” (Bailey). 

0. asleromphalus (E.). — Cellules in 
radiating series, smaller towards the 
margin ; umbilical rosette distinct; sur- 
face appearing as if covered by a very 
finely punctatcjd veil. EM. pi. 18. f. 45. 
Fossil. America, (^clluh's large, rather 
tumid. C. diifers from the 

other species with stellate umbilicus by 
its minutely punctated cellules. 

2t Disc with cidlules obscure, and re- 
quiring the higher magnifying powers 

to discern them. 

C. coneinnus (Sm.). — Disc large, with 
radiating f^n’ics of minute piiiicta, and 
an umbilical irregular rosette of larger 
cellules, dividi‘d into compartments by 
radiating lines, which terminate at the 
margin in minute spines, (v. 89.) SBD. 
ii. p. 85; Roper, MJ. yi. p. 20, pi. 3. f.l2. 
Europe. Valves convex. In some spe- 
cimens the msu'kiiigs are very inconspi- 
cuous, and dillicult to detect; in others, 
as in the specimens from IJull, more 
evident. 

C. steltaris (Roper). — Disc exfremely 
hyaline, with very fine, inconspicuous 
radiating serii's of puncta, and a few 
larger, stellatidy airanged umbilical cel- 
lules. (v. 83.) Ro M.I. vi. p. 21, pi. 3. 
f. 3. Caldy, Bembrokeshiro. When 
mounted in bals.am, the disc is so hya- 
line, and the puncta so diflicidt to detect, 
that it is liable to be regarded as a 
detached ring. Dry vjilvos brownisli, 
without maiginal spines. 
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2 * Disc with a central hyaline, nmhilicnsy 
ivhich often resembles a perforation. 
{The species are commonly smaller than 
those of the preceiliny section.) 

C. actinochilus (E.). — Granules iu close 
lines, radiating froiii tlie distinct punc- 
tated umbilicus, separatcal from tlic mar- 
gin by a bordcjr of puncta arranged in 
clost>, short, radiating linos. EM. 
pi. A. 21. f. 5. Antarctic Sea. The 
radiating series of granules arc close, 
but distinct. 

C. Lame (E.). — (h-anules oyial, ar- 
ranged in distinct series, radiating from 
the sniootli umbilicus, and s{?parated from 
tin.' margin by a border of niinule puncta. 
lOM. pi. ;J5 A. 21. f. 7. Antarctjc Sea. 
SoiiK'what resembles C. actinoehilas, but 
Inis fewer rays, the marginal puncta arci ! 
more obscure', and the iiinhilicus is : 
smooth. I 

Ch yemmifer (Fa .). — Disk with con-: 
spiciious gr}inuli>s, arranged in lax and j 
(?li^gantly mdiating lines trom a smooth I 
umbilicus; b<»rder minutely punctated. I 
h]^r. pl. 85 A. 22. f. 8. Antarctic Sea. I 
JJennuda d( ‘posit. The rays an^ fewm* 
and more distant than in thii two pre- 
ceding species ; but all agree', in having 
w(?ll-inark(.'d granules, distinct rays, and 
minute submarginal puncta. *l)iam. 
l-45()". Very like* Pyxidicala yemmiferaj 
blit larg(*r and nnmi depr('ss('d. 

Vj. apiealalns (J'i.). — Cellules rather 
prominent, apiciilate, rendering the sur- 
face rougli, subequal, radiating, 10 in 
1-1200"; umbilicus smooth. EM.pl. 18. 
f. 4*8. Anuuica. Diain. 1-324". Has 
11 gcniu’al resemblance to Pyxidicala 
yemniifern. 

C. perftrafas (F.). — Cell Ales miiiuto, 
amingial in dost?, radiating series ; um- 
bilicus smooth, re.sembling a pmToration ; 
margin tinely raycnl. EM. pl. 18. f. 40. 
Ammlca. liiain. 1-848". DitHu's from 
C. fimhriulus hy its umbilicus. 

C. disciycr (1^.). — Diifers from C. per^ 
foratus by its irregularly circular, not 
smooth, and larger umbilicus, and by its 
very minute and dense punctifomi cel- 
lules.* KSA. p. 128. \jrginia. Dinra. 
1-480". Cellules about 30 in 1-1200". 

C. ApoUinis (E.). — Disc 'with nume- 
rous series of very dense, equal, pum-ti- 
form granules, radiating from a small 
umbilicus. h]M. pl. 85 a. 22. f. 4. Ant- 
arctic Sea. It diifers from C. Lance by 
the greater number and dmiseness of its 
ra 3 \s, which, however, althougli nume- 
rous, are distinct. Diam. 1-482". 17 

gr»auules iu 1-1200''. 


C. cinyulata^s (E.). — Disc with very 
dense, punctiform granules, indistinctly 
mdiating from a small clear umbilicus ; 
margin with an anmdar band capable of 
being detached. EM. pl. 85 a, 21. f. 0. 
Fossil. America, Antarctic S(‘a. 20 gra- 
nules in 1-1200". Diam. 1 -552". Kesem- 
bles C, Apollinist but its gi’anules are 
denser and less distinctly radiating. 

3* No ambilieul vacancy: disc wif.h a 
striated border distinct from the rim, 

C. Jimbriatas (E.). — (\‘lliiles small, 
subequal, obsoletely radiating, near the 
margin smaller and arranged in radi- 
ating lines rt'sembling stria'. E. 1. c. 

I pl. 22. f. 2. Fossil. Sicily. 

I 0. maryijattas{F.). — (.\‘llnles in curved 
[ lines ; marginal ones smaller and ar- 
ranged in radiating lini's resembling 
strim. Vi. 1. e. pl. 18. f. 44. IJecent and 
fos.sil. America, Cuxliaveii. Cellules 1) 
or 10 in 1-1 2(X)''. 

(X limbatas ( 10.). — Central ctllules 
largest, not radiating, outer oiu?s small- 
est, crowded, arranged in radiating lines 
r<‘.sembling sLrijo. 10, /. c. pl. 20. 1. f. 20. 
Fossil, CrcMHre. Diam. 1-570". The 
largest 7 in 1-1200", 

C. striatas (K.). — Celliih'S irri'gularly 
crowded in the middle ; margin of disc 
with radiating striae KD. t. 1. f. 8. 
Cuxhaven. Diam. 1-450". 

4 Disc with radiatiny series of celhdes ; 
no distinct aynbilicasj nor striated border 
disli net from the rim. 

C. yiyas (E.). — Disc vc'r^' largt'. ; cel- 
lules lavgt?, hexagonal, radiating, largest 
at the margin, decri'asing towards the 
centre. E.M. pl. 18. f. .81. Virginia; 
Maryland ; alive, Cuxhaven. The largest 
species of the gtanis, and well character- 
ized by its largtj h(?xagnnal C(‘llules gi'a- 
dually decreasing in sizii from the margin 
to the centre. Ivim striated. 

C. excaratas (Crev. M8.). — Disk largo, 
with hexagonal cellules decreasing in 
.size towards the centre, which has three 
conspicuous (hqiressious alternating with 
the same number of elcA'ations. I’isca- 
taway ihjposit. The disc in this spefties 
is, from its largo size, visible to the 
naked eye, and, lik(j C, yiyas, it app(?ar.s 
ilng-like, the smaller central cells being 
then invisible. There is no distinct um- 
bilicus; hut the central portion, including 
the elevations and dciprc'ssions, is thinner 
and is rarely found perfect. The cellules 
of the depressions appear smaller and 
more radiant than the others, (viii. 20.) 



830 


SYSTr,MATlC IIISTOUI OF THE INFUSORIA. 


C. n^assm (Bail.). — Disc without a 
central star, covered witJi interruptedly 
radiant linos of largo, proniinont, hex- 
agonal cellules with circular pores ; cel- 
lules somewhat larger near the margin. 

B. Amor. Joum. Science, 1860. Alive, 
Sea of Kamtschatka ; fossil, JMontorey. 

C. — Cellules of t\isc 

suhoqiial, near tlio mjirgin smaller and 
in’i'gularlv radiating. EllBA. 1854 j EM. 
pi. 35 II. 8 , Atlantic. 

C. radiutus (E.). — Cellules rather 
large, arranged in radiating lines (EM. 
pi. 21. f. 1; Sim pi. 3. f. 37), smaller 
near the margin, (xi. 39, 40.) Common, 
both ri^cent and fossil. Diam. 1-8(50" to 
1-240". The radiating arrangement is 
sometimes obscure. 

C. Sol (Wallich). — Disc as in C. rndi^ 
afn^f but surrounded by a bro.ad, hyaline, 
niembinnous border, whidi is divided 
into compartiiK'iits bv numerous radiating 
lines. Wiillieli, TMS. viii. pi. 2. f. .1, 2. 
From Salpfc, Bay of Bengal, and Indian 
Ocean. ()n siilijecting the trust ulo to 
acids, the membranous ring is at first 
simply detached, and after a while dis- 
solved (Walli(jh). 

C. Arym (E.). — Cellules largo, some- 
what smaller at th(i centre and margin ; 
the radiating arrangeuK'iit often inter- 
nipted. EM. pi. 21. f. 2. Eeceut, Cux- 
haven ; fossil, t)ran and Sicily. May be 
a v ariety of C, radiatuSy from which, Jiow- 
ever, Mr. Brightwtdl considers it sufli- 
cieiitly distinct. Tie finds the cellules 
in that species always radiant, whilst 
in the pri'sent they have no definite 
aiTangemeut. 

C. radiohdm (I'].). — Granules puncti- 
fonn, equal, radiating. E. /. c. pi. 18. 
f. 30. Fossil, Yirginia,. Dillers from 

C. Ajwllhfis by the absencii of an um- 
bilicus. 18 cellules in 1-1 2(X)". 

C. subtdis (E.). — Granules puuctiforrn, 
small, equal, radiating. Fi. 1. c. pi. 18. 
f. 35. America. Similar to C. radiolatm, 
but with 24 cellules in 1-1200". 

C. Nonnanni (Greg.). — Disc with ra- 
diating series of faint jii’cola) arranged 
in fasciculi of about 0 rows each ; areohe 
equal, except near the m.argin, when? 
they are smaller; rim smooth. Grov 
MJ. vii. p. 81, pi. 0. f. 3. In stomach of 
Ascidians. IT nil. Areolao about 24 in 
•001". No distiiKit umbilicus. Diflers 
from C. mihiilis by having only half iis 
many lines in each fasciculus (tirev.). 

0. pitucUdus (E.). — Cellules puncti- 
fomi, radiating, loosely disposed at the 
centre, very densely crowded at tlio 
margin, and forming a broad, yellosrish- 


whi to border. EM. pi. 18. f. 41; KSA. 
p. 124. Virginia. Cellules at centn?, 
24 to 2(3 in 1-1200". Diam. 1-348". 
Elirenberg gives a figure of an oval 
variety of this species, pi. 18. f. 40. 

C. icndlm (E.). — Cellules veiy small, 
equal, radiating. EB. 1854. Atlantic. 
17 or 18 cellules in 1-1200". The cha- 
iiicters given are insullicient to distin- 
guish this species from C. radiolatus and 
C. auhtilis. 

C. (fmmdatus (E.). — Disc small, with 
dense sericis of very small cellules, caus- 
ing a granular app(*arance; granules 18 
to 21 in 1-1152". KSA. p. 122. Fossil. 
Virginia. Diam. 1-552". 

0. umhonatm (Greg.). — Disc densely 
cellulate, having a broad, nearly flat 
innrginal zone, tin? central portion being 
nearly or quite hemispherical ; cellules 
gt'uerall}^ rjuliant, small and iiTegular in 
outline. Dijim. *0045". Lamlash Bay. 
GD. p. 28, pi. 2. f. 48. 

5 Cdluirfi not I'udUdinfj ; no distinct 
umbilicus or striated border. 

t Cellules aiTanged in more or less 
perfect concentric circles. 

C. Patina (E.). — Disc largo, with 
moderate-sized cellules, disposed in 
concentric circles and bt^coming snuiller 
towards the margin. KB. p. 1. f. 15. 
Fossil, Greece; alive, Cuxhavon. The 
young and vigorous specimens of live 
individuals are completely filled with 
yellow gi*anules, whilst the older ones 
have an irn'gular yellow granular mass 
within them. Diam. 1-8(50" to 1-240". 

C. isoporiis (hi.). — Disc coarsely cel- 
lular; celluhis close, arranged in con- 
centric circles. EM. pi. 33. 17. f. 3. 
Disc of modemto size*. Eh ren berg's 
figure bears some resemblance to C. con- 
earns, but luus concentric cellules, and no 
distinct rim. 

C. vidatus (E. ). — Cvjllules largo, an- 
gular, rather distant, arranged somewhat 
concentrically; the disc punctated, ap- 
pearing as if covered with a \ oil. E. 1. c. 
pi. 18. f. 37. Virginia. Diam. 1-402". 

2 1 Cellules in parallel or curved linos. 

C. linvatus (10.). — Cellules small, cir- 
cular, arranged in straight, parallel lines. 
K B. pi. 1. f. 10. Fossil, Sicily and Ame- 
rica; alive, Cuxhaven. Common. The 
cells in this species form parallel lines in 
Avhatevor direction they may b(i viewed. 
In large and well-preserved" fossil speci- 
mens ns many ns twenty-five openings 
(? spines) wore seen near tho circiim- 
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forenc(\ AVithiii the live forms sonie- 
timea niinKn’oiis yellow vesicltis are seen, 
as in Gallioiiella. Duimeter of fossil 
1-1150" to 1-480"; livino-, 1-1150" to 
1-8(50". 

C. eccentriem (E.). — Cellules small, 
disposed hi excentric curved lines. K15. 
pi. 1. f. 9. (Common, both recent and 
lossil. 1). 1-8(50 to 1-430". 

3t (/ollides in no detenniiiato arranj^e- 
ment. 

C. concarus (M.). — riacli valve verv 
concave, tlui two opposite conjoined, 
tbnniii'^ an (nitire, vi*ry convex body ; 
celluh^s coarse, (’(jiial, not radiaiin*;^. 
VM. pi. 18. f. 38; GDC. pi. 2. f. 47. 
Virginia. Cellules 4 in 1-1200". An 
African variety has twice as many. = 
Mehsint vnbrosaj SmA.NlI. xix. p. 11, 
pi. 2. f. 15. 

C. hvtcroponfs (M.). — Cellules liex- 
apfoiial, sniallor at the margin and centre, 
intermediate ones largest, imerpial. K A. 
p. 123. Ijcrmuda deposit. D. 1-300". 
This species may b(i recognized by the 
smallt*r inarginarand central cellules and 
the very unequal intermediate ones. 

C. mimUHS (Kiitz.). — Disc nearly 
smooth, margin with pnuetated rays. 
1). 1-1410". KB. 1 . 1. i\ 14. Cuxliaveh. 

C. minor (10.). — Margin smootli ; di.se 
iiTcgularly and d<‘n.sely collidoso-punc- 
tate. Fo.s.sil, 8 icily and Virginia; alive, 
Europe and America. E. /. c. Not C, 
minor of 8BU. 

C. Jlnvicana (E.). — Disc small, with 
very line non-radiating (adlules, yellow 
by traiLsmittcd, but whitci by reflected 
light. K8A. p. 122. I’erii and 8t. Do- 
mingo. 

C. lahyrinthus (Boper). — Disc divided 


by dotted lines into largo, iiTogular, hex- 
agonal, minutely dotted spaces ; puiurta 
16 in 001". RoMJ. vi. p. 21, pi. 3; f. 2. 
l’embroke.shiro. 'I’liis species has some- 
what the aspect, under a low power, of 
a limdy manced specimen of C. eeven- 
tricus, but ditVers in the absence of a 
spinous margin, and in the large and 
iiTCgulaiiy shaped hexagonal spaces 
without any clearly delineil margin (Ito.). 

Donht fnl or imperfeclhf hioini Spccivs. 

C. cinctmt (K.). — Kim with inter- 
rupted radiating strim; cellule.s of disc 
crowded in the centre, thi; otlnu’s .scat- 
tered, remote. K8A. p. 122. C. Vatina^ 

B. Amer. Jour, of Seituice and Arts, 
1842, pi. 2. f. 13. Alive, Cuxhaven ; 
fossil, Virginia. Diam. 1-324". Eliren- 
berg refers the V^irginian specinnuis to 

C. minor. 

C. oralis (Bo.). — Valves oval, brown- 
i.sh in balsam, with linely-dotted radi- 
ating lines and no distinct umbilicus. 
Uo SlJ. vi. n. 22, pi. 3. f. 4. Bembroke- 
shirc. MarKings very delicate and in- 
conspiciioiLS. (V. 78.) 

C. pnnctidntHs (Gr(‘g.). — Disc marked 
with very tine and obscure linos, the 
whole surface .‘sparsely punctate. Ijani- 
lasb Bay. G 1 ). p. 28, ]>1. 2. f. 4(5. 

(1 niiidus (fJreg.). — Disc marked with 
distant and irregularly radiant gi’anules, 
larger towards tln^ ct'iitre; margin striate, 
striie about 1(5 in -OOl". lia.mla.sh Bay, 
Greg. /. c, p. 27, pi. 2. f. 45. ( viii. 18.)* 

(1 eerrinm (Bri.). — Disc minutely 
punctate, piincta scattered ; centre con- 
vex. liiam. *0054" to ’OOHo". = //>/u/o- 
discKs cerrinas, Bri .IMS. viii. p. 95, pi. 5. 
f. 9. Arctic regions. 


Genus ENDTGTYA (Ehr.). — Fmslulcs dLsedform, simple or forming short 
filaments, closely cellulose, in front view with a middle furrow, having on 
each side crowded parallel series of cellules. Kiit/.ing places its only s])ecies in 
Coscinodiscus ; but we think that it is much more nearly allied to Ortho.sira. 


Endictya ocean ica (E.). — Disc with 
close cellules and a dentate rim. (v. 70.) 
EM. pi. 35 A. 18. f. (3, 7. = Orthosira oce- 
anica^ Bri JMS. viii. p. 9G, j)!. 0. f. 10. 
Common in Peruvian guano. Some- 


times the cellules of tlio disc are almost 
coii(?cntri(j in their arrangi'incnt, 7 in 
1-1152". Diam. 1-528". This form is 
probably identical with Coscinodiscus 
concarus and Mehsira cribrosa. 


. Genus CRASPEDODISCUS (Ehr.). — Erustulcs simide, disciform; disc 
cellulose, without stritc or septa, but having a broad, wcll-delined, tumid 
border of a different structure from the centre, CraspedodLsciis has the Imbit 
of Coscinodiscus, with which Kiitzing united it. It differs from Coscinodiscus 
limhatus, and similar forms, by its margin, which docs not form a mere rim, 
but a broad border of a different .structure, .separated from the centre by a 
distinct furrow or well- defined line. 
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CllASl*HDODISOUS clvfftUlS (E.). — J3oV- 
der with obliquely quadrate collides; 
disc with a central rosette of live or six 
oblonj^ ones, th(*> otluu’s beiiijr circular 
and somewhat radiatinj^. (xi. 38.) EM. 
111. 33. 18. f. 2. = Coschwdtaom clcf/avs, 
KSA.p. 120. llernuida deposit. Frus- 
tiiles laixe, witli an elegantly marked 
border, the diameter of which is much 
loss than that of the centre, ^’his species 
dillors from the rest in its central rosette 
and diagonally marki'd border. 

O. CoscmofJiscns (E.). — Horder broad, 
but (»f loss diameter than the centre ; 
cellules of border large, close ; those of 
centre minute or puncta-like, and scat- 
tered. (V. 80.) E31. pi. 35. 10. f. 8.= 

PyxkUciihi CosemodiaettSf ICB. 1844 ; Cos- 
cttwdhsctfs Pi/xi(h’cttktj KSA. p. 120; Ih* 
.1 MS. viii. p. 05, pi. 5. f.4. Fossil. United 
States. 

(J. microfliscns (E.). — Border very 
broad, its diameter greater than tliat of 
the centre ; cellules of hordm’ large, close ; 
those of centre minute, scattertul. E. L c. 
pi. Jlil. 17. f. 4. Fossil. United States. 


Itesembles C. Coscinodisnia, from which 
it dillei’S in its proportionally smaller 
centre. 

Doubtful Species, 

G.? Stella j EM. pi. 35 n. n. 4. f. 11. 
Ehronbi'.rg’s figure represents a smootli 
disc with a Melosira-liKe umbilicus, from 
which radiate irregiilarlv placed lines. 

C. ? Pranklini, EM. pi. 35 a. 23. f. 0. 
= IIyalo(lisvus suhtiUs, 

C. manjinatus (^Bri.). — Disir with hya- 
line margin, having about 20 rays ; re- 
mainder of the valve minutely punctate. 
Diam. *0037". Barbadoos deposit. Br 
.IMS. viii. p. 05, pi. 5. f. 7. 

C. seniiplauus (Bri.). — jNlargin very 
broad, faintly radiate and punctate. One 
half of ci'iitral part of the valve smooth, 
the reinaind(‘r with 4 or 5 r:idii. Diam. 
•0024" to -0035". Barbadoos di^posil. 
Br. /. c. p. 05, pi. 5. f. 12. 

0. eoroua/us (Bri.). — Only tVagments 
of this form have hitherto bi'cn found, 
.and const^quf'iitly no salisfactiny speeitie 
character can bt* given. Br. 1. c. p. 05. f. 0. 


Genus ODON’TODISCUS (Ehr.). — FnLstulos simple, orbicular; disc with- 
out nodule or sejita, but with doited rays and erect teeth. Odontodiscus 
differs from Coscinodiscus and Actinocyclus by having its disc furnished with 
teeth, of which the others are destitute. The dots are radiate, not parallel, 
as in S3'Ste2)haiiia. 


Odontodiscus Spied (E.). — Teeth 
subinarginal, numerous (48); granules 
in radiating .series. KA. p. 120. Fossil. 
Virginia. Granules 10 in 1-1 152". 

O. Uranus (E. ). — Disc with numerous 
(32) radiating series of granules and 
marginal teeth. KSA.p. 120. Fossil. Vir- 
ginia. O. Uiv/yn/s has marginal teeth and 
fewer radiating series of granules than 
O. Spiea ; but wo doubt whether the}' be 
really distinct species. 

O. eccentricus (E.). — Disc with its 
granules arranged in eccentric, curved, 
indistinctly radiating rows ; teeth nu- 


merous, marginal, (v. 00.) Ex^^. pi 35 a. 
18. f. ll.= Cosrinodiseus vevodrieusy 8D. 
i. p. 23, pi. 3. f. 38. ? l'\)ssil. Guano, i&c. 
Granules about 20 in 1-1152". D. 1-804". 
This spticii'S dillers from Coscinodiscus 
I ojdy in having leelli, and may be nimely 
i that .‘itatt! of the latter which is described 
i and ligun'd by Brofi?ssor Smith as spinous. 
AVe, }iowe\er, have g(!nerally failed to 
detect the spines in the Coscinodiscus 
ccccntricusy although they are obvious 
enough in the Odontodiscus, which is 
usually much smaller. ^On these accounts 
we cannot decide tliat they are ideiitiiral. 


Genus SY 8 TEPIIANIA (Ehr.). — Friustulcs orbicular ; disc cellulose, 
neither radiate nor septate, with an external circlet of spines or an erect 
membrane on the disc, not on the margin; ccllule.s in parallel row^s. /‘The 
genus has the habit of Coscinodiscus lineahtSy but with latiTal crowns, which, 
ill the young state, unite two individuals ” (Bailey). Tlie spines arc subulate, 
and aiipcar not unlike the peristome of a moss. 


Systepiiania aculc.ata (E.). — Disc 
loosely cellulose ; cellules distinct, spine.s 
erect, not crowded, few (12 to 15), placed 
on the disc near the margin. KA. p. 120. 
B(»rmuda. Cellules 8 in 1-1152". Diam. 
1-324", This .‘Species is distinguished 


by its fewer spines and more conspicuous 
cellules. 

S. Corona (E.). — Disc densely cellu- 
lose; spines erect, numerous (40 to 50), 
clo.sely set, placed on the margin. EM. 
pi, 33. 15. f. 22. Bermuda, Virginia. 
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CeUules 12 in 1-1162". Diam. 1-348". 
The spines are far more numerous and the 
celluh^s less distinct than in S. aculeata. 

S. Diadmna (E.). — Disc densely cellu- 
lose ; spines numerous^ marginali in- 
curved; conjoined at their extremities 


by a membrane. EM. pi. 33. 18. f. 11. 
Bermuda. Cellules 14 in 1-1162". Diam. 
1-864". Much smaller than the two 
preceding species. All have a variable 
number of teeth. 


Genus SYMBOLOPHORA (Ehr.). — Erustules orbicular, not concatenate ; 
disc with striae or dotted lines, radiating from a solid angular centre. Sym- 
bolophora differs from Actinocyclus in having an angular or stellate hyaline 
centre. 

Ehronberg has placed in this genus forms which agree only in their hyaline 
angular umbilicus; and the species with radiating series of dots scarcely 


differ from Coscinodiscus. 

Symuolophou A Trinitatis (E.). — Disc 
having a triangular crystallinii umbilicus 
with a crenated margin, from which 
radiate six fascicles of very fine lines 
diverging towards the margin. EB. 
1844, p. 88. (xi. 36.) Fossil. Maryland. 
We believe no one except Ehreiiberg 
has observed this species, for which tho 
genus was constituted ; and it has been 
suggested that his figure may represemt 
what he en’oneously supposeSl to be the 
original form (os shown \y a fragment) 
of Triceratium Manjlandica ; but in this 
opinion we cannot concur, be(;ause in 
several instances whore Ehrenberg has 
founded species on mere fragments he 
has figured tho fragments as he observed 


them, without attempting a restoration 
of their supposed entire ligure. 

S. acidangula (E.). — Resembles the 
preceding in size and habit, but has tho 
angles of its umbilicus acute. EB. 1846, 
p. 81. Fossil. Virginia. 

S. ? Microtrias (E.). — Disc turgid, 
with a stellate umbilicus, from which 
radiate series of piincta. Antarctic Ocean. 
Umbilicus triradiate = 8. Microtricis^ E. 
/. c. 1844, p. 205 ; EM. pi. 36 A. 21. f. 16. 
Umbilicus cruciate or four-rayed = 8. 
Tetrasy E. /. c. Umbilicus five-rayed = /SI 
PentiWy EM. pi. 36 a. 22. f. 10. Uilibilicus 
six-rayed = 8 Hexatty E. 1. c. This species 
differs from a Coscinodiscus only in tho 
presence of the stellate umbilicus. 


Genus HETEROSTEPIIANTA (Ehr.). — Cliaractors unknown to us. 

IIetehostepiiania Rothiiy EM. pi. I 8 or 10 marginal teeth or minute pro- 
36 A. 13 n. f. 4, 6. (v. 86.) Elbe. Disc cesses, and no umbilicus. Front vicjw 
with radiating series of minute puncta, I with minute, erect, marginal teeth. 


Genus HALIONYX (Ehr.). — Fnistules orbicular, not concatenate; disc 
rayed ; number of rays definite, not starting from tho umbilicus ; no internal 
septa. It resembles Actinocyclus, except in its umbilicus not being radiate ; 
or, in other words, its central ocellus is wanting. In like manner Coscino- 
discus differs from Symbolophora in its non-radiate umbilicus, which is a 
simple void spac^. 


TIalionyx senanus (E.). — Suifaco of 
disc with six rays; each compartment 
is marked by parallel lines, which de- 
crease by e^ual gradations on either side 
of a radiating median line ; loosely and 
widely cellulose ; umbilicus entire, punc- 
^tated. KA. p. 130. Antarctic Ocean. 
Diam. 1-720". Approaches Aciinoptychus 
undidatm. 


II. undenaritis (E.). — Disc with eleven 
or twelve rays; umbilicus large, punc- 
tated, not radiant, (v. 82.) EM. pi 36 a. 
21. f. 12.=//. duodenariusy E. olim. Ant- 
arctic Ocean. Diam. 1-676". Ehrenbefrg’s 
figure shows the disc with a granulated 
centre, from which proceed radiating 
series^ of puncta and eleven darker or 
shade-like rays. 


Genus ACTINOCYCLUS (Ehr.). — Fnistules simple, disciform; disc mi- 
nutely and densely punctated or cellulose, generally divided by radiating single 
or double dotted lines, and having a small circular hyaline intramarginal 
pseudo-nodule. We consider Actinocyclus, as limited by Ehrenberg, a well- 

3 11 



834 


SYSTEMATIC HISTOHY OF THE INFUSORIA. 


marked genua. Its confusion has arisen from Professor Kiitzing’s retention 
in it of some species of Actinoptychus, and the application of its name 
by Professor Smith to the latter genus. The disc is not undulated; and 
the rays, which arc often very indistinct, are dotted or interrupted, not 
continuous lines. From the minute size and close arrangement of the puncta, 
the fnistulcs, when mounted in Canada balsam, never appear hyaline, but of 
a brownish or, more frequently, of a beautiful purplish colour. The disc is 
furnished with an intramarginal pseudo-nodule, which simulates an orifice. 
Ehrcnberg in this, as in other genera of Diatomaceae, distingui^ed his species 
solely by the number of their rays ; but we cannot retain them, as we con- 
sider species founded on such characters altogether unscientific and erroneous. 
In general, names once bestowed ought to bo retained, even when somewhat 
inappropriate or defective, because less injury is done by their retention than 
by burdening the science with synonyms; still wc believe it far better to 
bestow a new name when, as in this genus, numerous species arc reduced to 
one to which the original names would be inapplicable. 


Actinocyclus moniliformis(r\, sp.l. — 
Disc divided into compartments by three 
or more ra^’s, formtid of single stnies of 
dot», in a moniliform arrangement. =^4. 
ternarius, EJM . pi. 22. f. 9. Fossil. Europe, 
Africa, and America. This species m- 
(dudes most of Ehrenberg’s tigures of 
Actinocycli from the deposits of Greece, 
Oran, Sicily, and Virginia (pis. 18, 19, 21 
& 22). We have seen no specimens ; but 
in Ehrenberg’s figures th(», single monili- 
form rays differ so greatly from wliat we 
find in the following species that we 
must consider them distinct, although 
Ehrenberg,in consequence of his regard- 
ing th(^ number of the rays as the essen- 
tial cliaracter, has mixed up its forms 
with those of the following species under 
the same names. 

A. Ehrenberf/n (n. sp.). — Disc gene- 
rsilly iridescent, closely punctated, so as 
under a low power to appear waved, 
divided by regular equidistant rays 
formed of inUirruptc’d doubhi liii(*s, which 
terminate at the margin in minute teeth. 
ConimoTi, both recrent and fossil. Very 
fine in Ichaboe guano. Under this name 
wc include all Ehrenberg’s species with 
ra 3 ’S composed of double lines. The rim 
is narrow, but gen era Jl^^ distinct ; p.seudo- 
nodiilc minute. In fluid, A. Ehrcnhm'yii 
is colourless ; but wdien mounted in bal- 
sani, it, like the next species, varies with 
difierent shades of brown, green, blue, 
uiplo, and red. The rays are formed 
y lines composed of linear or subulate 
hyaline spaces, which, more frequently 
than in A. llaJfsiiy are in pairs, though 
sometimes alternate ; they are often in- 
distinct, especially in smaller specimens. 
This species is best recognized by the 
waved appearance of ita piincta. 

We subj(»in a list of foniis included in 


A. Ehrfinbfii'f/itf but by Ehrcnberg re- 
garded as distinct species. Most of them 
may bo obtained irom Ichaboe guano. 
We unite them all in this species: — 
A. ternarmSf 3 rays ; A. quaternariusj 4 ; 
A, quinariunj 5 ; A. bitemarim, 6 ; A. 
st‘pte7uiriusj 7 ; A. oetonarmsy 8 ; A. no- 
narinSf 9 ; A. denarius, 10 ; A. undma- 
rim, M •, A. bmmarim, 12 ; A. tredena- 
rim, 13; A. bmptenarms, 14; A. quin- 
donanus, 15; A, hioctoiumm, 10; A. 
septemdenarim, 17 ; A. binonajdus, 18 ; 
A, novemdemtrius, 10; A, vicenai'ius, 20; 
A, Luna, 21 ; A. Ceres, 22 ; A» Juno, 23 ; 
A. Jiqnter, 24 ; A. 3Iars, 25 ; A, Met'- 
curius, 20 ; A. Pallas, 27 ; A. Saturnm, 
28; A. Terra, 29; A. Venus, 30; A, 
Vesta, 31; A. Uranus, 32; A. Achar- 
netis, 33 ; A. Aldeharan, 34 ; A. Antares, 
35; A. Aquila, 30; A.Arcturm, 37; A. 
Eef-el-f/ose, 38 ; A. Canopus, 39 ; A. Ca- 
pella, 40 ; A. Fom-el-hot, 41 ; A. Lyra, 
42 ; A. Proeffon, 43 ; A, Rerpdus, 44 ; A, 
Itiyl, 45 ; A. Sirius, 40 ; A, Sol, 47 ; A, 
A. Spica, 48 ; A. Stella polar is, 49 ; A, 
Ninas, 50; A. Alexander, 51; Jl. Ptole- 
mcens, 52 ; A. Datndes, 53 ; A. Numa, 
54 ; A, Crwsus, 65; A. Dux, 60 ; A, Rex, 
57 ; A. Lnperator, 58 ; A. Plutus, 69 ; 
A, Proserpina, 00 ; A, ahundam, 01 ; A. 
Inxuriosus, (J2 ; A, prodiym, 03 ; A. for- 
tiinatus, 04 ; A, locuples, 65 ; A. opiparm, 
00 ; A, preiiosus, 07 ; A, polyactist, 68 ; 
A, mayn^m, 69 ; A, Zm'oaster, 70 ; A, 
Solon, 7l; A, Cleobulm, 72; A. Chilo, 
73; A. Pittaeus, 74; A. Thales, 75; A. 
Rios, 76 ; A. Periander, 77 ; A. SoertUes, 
78; A. Salomon, 79; A. Ilomerus, 80; 
A. Hesiodm, 81 ; A, Tyritxm, 82 ; A, 
Anacreon, 83 ; A, Sappho, 84 ; A. Pin- 
darus, 85 ; A. JEschylm, 80 ; A. Sophocles, 
87 ; A, Euripides, 88 : A, Viryilius, 89 ; 
A. Iloratius, 90; A, Tuhelcain, 91; A^ 
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Dtsdalm, 92; A, CaUimachm, 93; A, 
,Phidia8j 94 ; A. Praxiteles, 95 ; A, Pyr^ 
goteles, 9H ; A, Apelles, 97 ; A. Zeuxis, 
*98; A, Orpheus, 99; A. Apolh, 100; 
A. Adamas, 101 ; A. Achates, 102 ; A. 
Aniethystus, 103 ; A, Astrolites, 104 ; 
A, BeryUus, 10*5; A. Carhunculus, 106 ; 
A, Chrysolithus, 107 ; A, Hyacinthm, 
108; A, laspis, 109; A, lasponyx, 110; 
A, Leucochrysus, 111 ; A, Omphus, 112 ; 
A. Onyx, li3; A, Opalus, 114; A. Sa~ 
phirus, 115; A. Sarda, 116; Sardonyx, 
117; A, Smaraydus, 118; A, Tcpazius, 
119; A. Panhelios, 120. 

A. Bcdfsii (Sm.). — Disc iridescent, 
with close radiating^ series of punctifonn 
j^ranules, interrupted by numerous subu- 
late hyaline spaces, which are crowded 
in the centre and more distant near the 
marj^Lii, where they form irregular rays of 
double broken lines ; mar^nal teeth and 
^eudo-nodiile as in A. Ehrenheryii. = 
EupodiscusRalfsii, SBD. ii. p. 86. British 
coast, (v. 84.)* 3. sparsus (Grog, in lit.), 
granules in loose series, without angular 
blanks, the principal rays alone reacliing 
the umbilicus, =Mupodkcus sparstis, Greg 
TMS. V. p. 81, pi. 1. f. 47 : Scotland. 
“ The lines of cellules diminish in num- 
ber at distinct intervals from the margin 
towards the centre of the valve, giving 
a zoned appearance when seen under a 
low power ” (SBD.). A, Ralfsii diflers 
from A. Ehrenheryii in tho radiated ar- 
rangement of its granules, the far greater 
number of hyaline spaces, and the more 
irregular distribution of tho rays, in 
which also the blank spaces in tho asso- 
ciated lines are usually alternate. The 
following remarks on the var. sparsus 
are condensed from Profe^or Gregory’s 
papers : — Principal rays equidistant, 
formed of largo dots not closely set; 
between the principal rays, the inner 
ends of which leave a small central um- 
bilicus, occur shorter series parallel to 
each other, the middle one longest, the 
others progressively decreasing in length 
on each side, and "the shortest adjacent 
to the principal rays, which they approach 
at an angle. Professor Gregoiy finds the 
same arrangement in A. Ralfsii] but in 
that form the dots are large and very 
, close. In A. Ralfsii the colour varies 
with different shades of purple, blue, 
green, and yellow, and sometimes brown 
or buff. At Professor Gregory’s sug- 
gestion, wo reduce A, sparsus to the rank 
of a variety, as he finds tho species to 
vary much in the size of the granules, in 
their closeness, and in colour. 

A. fulvus (Sm.). — Cellular structure 


indistinct, radiate; colour of dry valve 
tawny.” = Eupodiscus fulvus, SBD. i. 
p. 24, pi. 4. f. 40. Britain. Kays obscure. 
We doubt whether this species be distinct 
from A. Ehrenheryii, many specimens of 
which have very indistinct rays. 

A. crassus (Sm.). — Disc somewhat 
opaque, purplish when dry ; granules in 
radiating series ; pseudo-nodiue as in A, 
Ralfsii] margin smooth. = Eupodiscus 
crassus, SBD. i. n. 24, pi. 4. f. 41. Britain. 
Mr. T. West believes this species to bo 
an immature state of A. RaifsiL 

Doubtful Species, 

A, Panhelios (E.). — Very large; disc 
with 120 very fine rays. KSA. p. 128. 
Cuxhaven. DianL 1-180". 

* Disc generally coloured, furnished with 
radiating series ofpuncta. 

A. interpunctatus (Bri.). — Disc with 
an indefinite number of double rays 
running from the centre to near the cir- 
cumference ; the rays composed of short, 
broken lines; tho spaces between the 
rays are minutely punctate. California, 
New Zealand, West Indies. = Actino-- 
ptychm interpimctatus, Bri JMS. viii. 
p.’94, pl.0. f. 17. 

A. suhtilis (Greg.). — Disc very hyaline, 
with numerous very fine inconspicuous 
radiating dotted lines, a circular punc- 
tated umbilicus,- and rather distant mar- 
ginal iQeit\L.=iEum)discns suhtilis, GDC. 
p. 29, pi. 3. f. 50. Forming brown patches 
on sides of rocks. Ilfracombe, Plymouth. 
This species is easily distinguished by 
its hynliue appearance in balsam. The 
pseuao-nodule is minute, radiating lines 
indistinct, and the umbilicus is furnished 
with scattered dots surrounded by a 
dotted circle. Frustules sometimes con- 
tained in an indefinite mucous stratum. 

2 * Disk with hexagonal cellules, which 
are not in radiating lines, 

A. tesscllatus (Ro.). — Cellules of disc 
distinct, hexagonal, with a minute no- 
dule at each angle, not radiant. =j^uj9o- 
discus tessellatus, Ro JMS. vi. p. 19, pi. 3, 
f. 1. Pembrokeshire, Hull, Norfolk. 
Guano. This species is placed in Acti- 
nocyclus because of its solitary intramar- 
ginal pseudo-nodule ; but in its structure 
it diflers so much from the other species 
of that genus, that it might be separated 
from it. The reticulated disc and ab- 
sence of rays distinguish it. In balsam 
it is nearly colourless. 
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Genus ASTEllOLAMPRA (Ehr.). — ^Frustules simple, disciform ; disc orbi- 
cular, with marginal urcolated or punctated compartments, separated by 
smooth rays which proceed from a hyaline central area ; central area divided 
by lines, which radiate from the umbilicus to the apex of each compartment ; 
compartments and rays symmetrical. Marine. The disc in this beautiful 
genus is generally colourless, and when mounted in balsam is far from con- 
spicuous, notwithstanding its comparatively large size. The marginal com- 
partments are usually conical, and from the apex of each a line or rib proceeds 
to tlie umbilicus. The hj^alinc central area seems to originate from the dilated 
inner ends of the rays, and its lines to be produced by their jimction. Aste- 
rolampra is distinguished from Astcromphalus by the compartments being 
similar and eciuidistant ; on Mdiich account the rays are equal, the lines all 
radiant, and the umbilicus central. 


* Umhilical lines straight. 

Aster onAMPiiA Marylandioa (E.). — 
Umbilical lines simple, straight; areo- 
lated coumartments conical or semicir- 
cular. ER 1844, p. 70, f. 10; W'allicli, 
TM. viii. p. 47, pi. % f. 13, 14; OrevTM. 
viii. p. 108, pi. 3. f. 1-4. = .^. se^denuria, 
Johns. Sill. Jourii. 2nd ser. xiii. p. 33 ; 
A, tmpar, Sh TM. ii. pi. 1. f. 14 ; A. pe- 
lagicfiy EI3. 1854, p. i38. Fossil, Vir- 
ginia ; Mbnterey stone, guano. Recent, 
India, i^c. (xi. 33.) Kays 0 to 14. The 
disc varies greatly, not only in the num- 
ber of rays, but in the elongated or de- 
ressed form of the compartments, pro- 
iicing a coiTesponding variation in the 
size of the central area. 

A. llotula (Grev.). — Resembles A, 
Marylnndica, but the areolat(;d compart- 
ments have subtruncato apices ; unibili- 
cnl lines straight. Gi’evTM. viii. p. Ill, 
pi. 3. f. 5. Monterey stone. Umbilicjil 
lines simple or dividing in a forked man- 
ner, close to the central point. 

A. variahilis (Grev.). — Compartments 


with cuneate apices ; umbilical lines 
.straight, mostly unit(‘d in twos or threes 
near the central point. Grev TM. viii. 

L I 11, pi. 3. f. 6-8. Monterey stone. 
,ys 6 to 11. 

A. OnrilHi (Wallich, Grev.). — Com- 
partments conical, with truncated apices ; 
umbilical lines straight, variouslv united. 
= Asteromphalas OrevilUiy Wall TM. viii. 
p. 47, pi. 2. f. 15 ; Asterolampra Gi'ertllu, 
Grev TM. viii. n. 113, pi. 4. f. 21. Fossil, 
Virginia and Monterey stone ; recent, 
Indian Ocean. This species approaches 
Asteromphalus in the appearance of the 
central area, but its marginal compart- 
ments and alternating mys are symme- 
trical. Rays numerous, l3 to 17. 

2 * Umhilical lines angularly hent. 

A. Brehissomana (Grev.). — Areolated 
compartments truncated ; umbilical lines 
with an angular bend in the middle. 
Grev TM. viii. p. 114, pi. 3. f. 9. Mon- 
terey stone. Umbilical lines simple or 
united, close to the central point. 


Genus ASTEROMPHALUS (Ehr.). — Frustules simple, disciform ; disc as in 
Asterolampra, but with two of the punctated compartments approximate, and 
the interposed ray narrower than the others. Marino. Astcromphalus differs 
from Asterolampra in having two compartments closer together. The lines 
connecting these with the umbilicus do not radiate Hko the rest ; and the 
enclosed hyaline ray consequently differa in form from the others, and is 
termed the median or basal ray. 


* Uinhilical lines radiating from a central 
pointy two of them approximated. As- 
tcromphalus. 


t Umbilical lines straight or ciuved. 

Asteromphalus Hookerii (E.). — 
Punctated compartments, conical or 
rounded at the apex; umbilical lines 
straight, the median ones parallel. EB. 
1814, p. 200; EM. pi. 35 a. 21. f. 2. ^A. 


Buchiiy EB. 1844, p. 200 ; A. Ihimhhldtiiy 
E. 1. c. p. 200 ; EU. pi. 35 a. 21. f. 3 ; A. 
Curieniy EB. 1844, p. 200 ; EM. pi. 35 a. 
21. f. 1. Antarctic Ocean, (x. 34.) Ra^^s 
0 to 9. We consider that forms diflering 
only in the number of their rays are not 
really distinct, and have consequently 
united Ehronberg’s species quoted above. 

A. DaUasianus (Grev.). — Areolated 
compartments, with truncate apices ; me- 
dian lines cnmpanulate. = Asterolampra 
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DaUasiana, Grev TM. viii. p. 115, pi. 4. 
f. 10. Bermuda, Tripoli. 

A. Wallichianiis TGrev.). — Areolated 
compartments, witn truncate apices ; 
umbilical lines straij^bt. = Aateroiampra 
Wallicldana, Grev TM. viii. p. 116, pi. 4. 
f. 11. Bermuda, Tripoli. “The umbilical 
portion of each ray is so wide next the 
areolated segments, that it may be com- 
pared to a short-bladed trowel, 'while 
the linear jiart represtuits the handle’* 
(Grev.). Accordinjy to J)r. Groville’s 
figure, this species dillers from Astero- 
laiupra only by its median ray being 
narrower than the rest. 

2 1 Umbilical lines with an angular 
bend. 

A. lioamnontii (U.). — CoinpartiiKuits 
with rounded apices •, umbilical lines 
with an angular bend ; iiKulian oin^s 
straight, pariillel. 1814, p. 200, f. o ; 
Grev TM. viii. p. 115. Antarctic Ocean. 

. A. Darwhnt — Compfirtmeiits 

with round(;d or sub truncate apices; 
umbilical lines with an angular bend; 
median ones bent or curvt)d. Kit HA. 
1844, p. 200, f. \,=Adervlnmi>ra 
tciniij Gr(jv TM. viii. p. 110, pi. 4. f. 12, 
13 ; AsteromphalmRomif EltBiV. p.200, 
f. 2; EM. pi. 36 a. 21. f. 4. Antarctic 
Ocean, Monterey stone, (v. 80.) 

2* Disc siibcircukirj rays unequal; um- 
bilical lines radiating from the top and 
sides of the median oneSf which latter 
l>ass heijoml and enclose the central 
point, Spataugidium. 

t Umbilical linos not bent. 

• 

K. Jlahellatm (Br^b., Grev.). — Punc- 
tated compartments, conic ; umbilical 
lines straight or slightly curved, radi- 
ating from apex and aides of the median 
ones. GrevMJ. vii. p. 100, pi. 7. f. 4, 6.= 
Spatanyidium Jlahellatum, Br^b. Bull. Soc. 
J dnn. de Nonnand. iii. pi. 3. f. 3 ; Aste- 
rolampra JlabelUitd, Grev rM. viii. p. 110 ; 
Spatanyidium peUatum, Bi^b. I, c. pi. 3. 
f. 4., Peruvian luid Californian guanos. 
Kays 10 or 11 ; median one clavate ; 
areolation of compartments very minute. 

A. Ililtonianus (Grev.). — l*unctated 
compartments naiTowly conic ; imibilical 
lines radiating from apex and sides of 
median lines, the two lower pair sud- 
denly de1\{iKod,=Aslerolatnpra lliltoni- 
anUf Grev TM. viii. p. 117, pi. 4. f. 15. 
Algoa Bay guano, Indian Ocean. Rays 
10 to 19, slender ; umbilical lines simple 
or forked ; areolation very minute. It is 


a very transpai'ent species, and easily 
overlooked, Grrev. 

A. Arachne (Bn?b.). — Disc broadly 
ovate ; hyaline area small and excentri- 
cal; areolated compartments, very un- 
equal; umbilical lines straight, short; 
dilated head of median ray truncate. = 
Spatanyidium Arachne j Brdb. Bull. Socr. 
Linn, do Nonnand. iii. pi. 3. f. I ; Aste- 
rolampra ArachnCy Grev TM. viii. p. 123 ; 
Asteromphalns malleus^ Wall I'M. viii. 
47, pi. 2. f. 11 ; Mxcentron cancroidesy 
alts in lit. (v. (iO.) I’eruvian guano, 
Indian Ocean. Distinguished by its mal- 
leiforni median ray. Comparlments with 
large areolation ; umbili(;ai lines less con- 
spicuous than iiitlni otlier speciL\s. Bays 
usufilly 6, soinotiincs 7 ; median and 
adjacent ones straight, tluj anterior pair 
(jurvcid. When tlnjre are only five rays, 
this specie's diilers greaily in appe^aranco 
from thti rest by Iniving the anterior 
margin of the head of tin*, median ray in 
direct contotit with the anterior com- 
partment; but when the rays are 7 in 
number, the lu aline dilated portions of 
tho anterior pair interpose between these 
paris, as in the otlier species. 

2 1 Umbilical lines with an angular 
bend. 

A, ekyuns (Grev.). — Ihinctated com- 
partments, conic, more than halt* tho 
radius ; umbilical linens with an angular 
bend, radiating from apex and sitbis of 
tho median ones, usually simple, but 
sometimes two or tliree united. Grev 
MJ. vii. p. 7, pi. 7. W Asterolampra 
eleyansy AIJ. viii. p. 118, pi. 4. f. Hi. Ca- 
lifornian guano, Indian Ocean, (v. 87.) 
Areolation extremely minute; rays 13 to 
29, gracefully slender. 

A. imhrivntus (Wall.). — Areolated 
compartments, conic;, less than half the 
radius; rays numtirous, robust; angular 
bends of umbilical lines forming unitcjdly 
an oblong-ellipti(;al figure. Wall TiM. 
viii. p. 4(1, pi. 2. f. 9. = Asterolampra im- 
bricatUj Grev M.I. viii. p. 119, pi. 4. f. 17. 
Indian Ocean, Natal. ArtM)lation con- 
sidembly larger tlnin in A, elvyansy ita 
nearest ally, Grev. 

A. liroohei (Bail.). — Disc a]nio.st cir- 
cular; areolation (fonspicuo us ; compart- 
ments truncated; angular bend of um- 
bilical lines near the outcir end ; umbilicial 
portion of median ray constrictcjd be- 
neath theroiindcal inner c*nd, them dilatcMl. 
Bail. Sill. Joum. 2 .ser. xxii. p.2, pi. 1. f. 1. 
= Asterolampra liroohei^ Grev MJ. viii. 
p. 119, pi. 4. f. 18. Soundings, Kamt- 
schatka, Atlantic, (v. 79.) The umbi- 
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lical lines radiate from the upper half 
of the median ones^ and are sometimes 
divided. The angular bend is nearer the 
outer end than in any other species ; and 
at each angle is a minute spine-like pro- 
cess, Grev. 

A. Roperianm (Grev.). — Disc circular, 
with its hyaline area centrical ; areolated 
compartments, truncate, almost equal ; 
umbilical lines radiant from rounded 
end of median ones ; median lines pass- 
ing round the central point in a semi- 
circle, then contracted, and lastly widely 
expanded. = Astei'olampra Roperiana, 
GrevMJ. viii. p. 120, pi. 4. f. 14. Indian 
Ocean. Rays 7, robust ; areolation rather 
large, Grev. 

A. Shadholtianm (Grev.). — Areolated 
compartments, truncate ; umbilical lines 
radiant from the pyriform median ones, 
with the bend about the middle; rays 
not reaching the Aster olampr a 

ShadhoUianUf Grev MJ. viii. p. 121, pi. 4. 
f. 19. Indian 0(!ean. “ Rays 7, robust ; 

areolation rather large. Its nearest ally 
is perhaps A. Rrookei, from which it is 
separated by the very dideront median 
lines and by the angular bend being 
more in their middle” ^Grev.). Dr. 
Greville suspects that in tliis species, as 
in A. Ro2)eriamtSj A. heptactisj and A, 
Arachney the number of rays may bo 
more constant than is generally the case 
in the group. 

A. heptactis (Brdb.). — Areolated com- 
partments, truncate ; rays broad, linear, 
terminating in a lunate marginal fold, 
and bordered by a row of larger areolae. 
=:iSpatangif1iwn luptactisy Br^b. Bull. Soc. 
Linn, de Normaiid. iii. p. 8. f. 2; Aste- 
rolampra heptactis, Grev TM. viii. p. 122 ; 
l^atangidiumRalfsianum, TM. vii. p. IGl, 
pi. 7. f. 7, 8. Peruvian and Californian 
guanos, Atlantic soundings. Rays 7, 
straight or slightly curved, the median 
one m a broad shallow groove, the linear 
ortion faintly prolonged through the 
ilated portion to spurs from the bends 
of the adMacent uniDilical lines. Areo- 
lation of compartments, conspicuous; 
disc subcircular, (viii. 21.) 

Doubtful or imperfectly described 
J^ectes. 

A. centraster (Johnston). — Disc orbi- 
cular ; areolated compartments with | 


rounded apices and bordered by a series 
of larger aroolsB ; umbilical lines straight, 
radiating from top and sides of me£an 
ones ; rays terminating at the margin in 
nodules. Johnston, M J. viii. p. 12, pi. 1. 
f. 10. Elide guano, (viii. 14.) Rays 
11. Dr. Johnston’s figure difters from 
every known species by having the rays 
continued, as Dp. Greville remarks, like 
distinct bars or the ribs of an umbrella, 
from the central point to the margin. 
We believe, however, that this structure 
is similar to what is met with in several 
other species of Asterolampra and As- 
teromphaliis (see especially Greville’s 
figures of Asterolampra rariabilis, A. 
Wallichiana, A. Ropeiiana, and A. hep- 
tactis), but more strongly marked, and 
probably exaggerated in the figure. 

A. stellatus (Grev.). = Asterolampra 
stellnta, Grev TM. viii. p. 124, pi. 4. f. 20. 
Indian Ocean. It is allied to A. Ililto- 
nianus and A. Jlahellatus. The lowest 
pair of umbilical lines are curv^ed down- 
wards, as in the former species. The 
median lines are parallel. The valve, 
at a first glance, is most conspicuous for 
the large size of the hyaline area and the 
rapidly attenuated rays ; but this may 
prove to be a worthless distinction. 

A. Sarcophagus (Wall.). — Valve ob- 
long, with inflated middle ; median ray 
plane and continuous with the anterior 
ray ; umbilical lines straight ; areolation 
very lai-ge. Wallich, TM. viii. p. 47, pi. 2. 
f. Asterolampra Sarcophagus, Grtiv 
TM. viii. p. 124. Indian Ocean. “ The 
broadest portion of this species is always 
towards the extremity opposite to the 
median ray, thus giving the valve a some- 
what pyriform or sarcophagus-like shape’’ 
(Wallich). “ The form of the valve is 
so extreme a deviation from the other- 
wise more or less orbicular shape of the 
entire series, that an impression almost 
forces its(}lf upon the •mind that it is 
simply a malformation. It is most nearly 
related to A, Arachne ; for if we remove 
the terminal ray (which in many species 
may be either absent or present), the five 
remaining rays would occupy the relative 
position which they hold in that species, 
as well as in the same direction, one pair 
pointing upwards, the other pair down- 
wards. In both species the areolation is 
large” (Grev.). 


Genus ASTERODISCUS (Johnson). — Frustules simple, disciform; disc 
divided into punctated compartments, which do not reach the centre, by hyaline 
smooth rays ; compartments connected to the umbilicus by an equal number 
of radiating lines, two united half way, the rest distinct. Fossil. (Johnson, 
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in Silliman’s Amer. Jouni. 1852.) “Tbo proximate genera, Astoi’olanipra 
and Asteromphalus, are readily distinguished. In the former, all the connect- 
ing lines are symmetrical ; in the latter, two are parallel ; ” whilst in this 
genus one line divides half-way from the centre and proceeds to two of the 
compartments, the smooth ray between which is smaller than the others, but 
not parallel as in Asteromphalus. 


Asterodiscus Jokmonit. — Rays and 
umbilical divisions from five to nine. 
Bermuda earth. This includes the fol- 
lowing species of Johnson : — 

A. quinarim. — Marginal rays and um- 
bilical divisions five. 

A. senarius . — Marginal rays and um- 
bilical divisions six. 


A. nonarim. — ^Marginal rays and um- 
bilical divisions nine. 

“ Front view bi-oonvex ; compart- 
mtmts elegantly marked wdtli mmulci 
dots, mTangcd in excenlric curves ’’ 
(Johnson). 


Genus ACTTNOrTYCTlUS (Ehr.).— Frustules disciform, cellulose ; disc 
divided into equal triangular comimrtments by lines or intei’iial sej)tii (E.). 
= Actinocycliis, Smith, not Ehr. The circular disc is cellulose, and divided 
into triangular portions by lines intcnnil sepia,” E.) radiating from its 
centre. The alternate portions are usually more distinct, owing to the undu- 
lated form of the frustules, w'hicli causes them alUu-nately to bo ncai er to or 
more remote from the eye. The ap])arent septa distinguish it from Actino- 
cyclus, and the absence of spines from Hcliopelta and Ornphalopelta. We 
have not the slightest doubt that Ehrenberg has ])roi>crly separated Actino- 
cyclus from Actinoptychus. Professor JSmitli himself practically admits this, 
by })lacing the groups in different genera, although lu^ lias not retained the 
names as affixed by their author. If, however, the validity of their separa- 
tion be admitted, the founder of those genera has surely an undoubtcid right 
to retain the original name for whichever group he thinks fit. Professor 
Smith seems to have erred by choosing as the type of Actinocycliis, not one 
of Ehrenberg’s siiccics, but a form placed in that genus by Professor Kutzing, 
though really belonging to Actinoptychus. 


Actinoptycitus ternarhis (1^1). — I 
Disc with 3 or 5 radiating lines, with- | 
out a distinct umbilicus j compartments 
even. KB. pi. 1. f. 19. =^4. qmnarimj E. 
Fossil. Virginia. The •rays proceed 
directly to its centre, without leaving an 
umbilical space. 

A. undulatm (Kiitz.). — Disc with its 
compartments altemaUdy prominent and 
cellulose and depressed and punctate; 
umbilicus indistinct or indefinite. = 
Acthwcyclm undulatm, KB. pi. 1. f. 24 ; 
Actinoptychus hiternariusy EM. pi. 18. 
f. 20 ; A. hiternatuSy EM. pi. 35 a. 10. f. 1. 
(v. 88.) America. Guano, &c. Com- 
partments six or more. 

A. cclatus (E.). — Compartments six, 
loosely celliuose ; surface apparently 
covered by a thin punctated membrane, 
KSA. p. 130. Virginia. We are unac- 
quainted with this species, but think it 
may probably be a state of A. undidatmy 
the valves of which frequently consist 
of two dissimilar plates, one having the 
usual character, the other being triradiate 


and minutely punctate, and which has 
been describi?d as a ne.w species by Mr. 
Roper in TM. vi. p. 23 {Actinocyclus tri~ 
radiatuH^y who first observed it diitached 
from the trui*. valve. lie and others 
have since found the plates in situ. 

A. senarim (E.). — Compartments (0 
or more) alternately prominent, all 
loosely cellulose ; umbilicus angular, 
definite ; rim striated. EM. various 
plates. = Actinocyclus undulalusy 8B. i. 
pi. 5. f. 43. (ix! 132.) Common, both 
recent and fossil. Mr. Tiiffeii West re- 
gards A. senarius and Ornphalopelta areo- 
lata ns identical. The presence of niar- 
ginal spines in the latter seems indeed 
the only essential distinction ; and we 
have generally succeeded in detecting 
spines, more or less distinct, exactly 
such as Professor Smith has represented 
.in one of the figures of his Actinocyclus 
undulatiis. The determination of species 
in Actinoptychus is very diificult. The 
number of the compartments, generally 
relied upon, we consider unessential, anil 
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we would separate into two species all gin occasionally spinous ; each segment 
those forms in which the compartments, with 1 or 2 processes ; umbilicus smooth, 
irrespective of their number, are di- surface of the valve punctate. Monterey 
stinctly cellulose without any particular earth (or deposit). Bri MJ. viii. p. 94, 
arrangement of their cellules. A, undu- pi. 0. f. 15. 

would thus include all those having A. dives H^.). — Disc divided into 
a vague or indefinite umbilicus, and A. numerous (aoout 60) narrow compart- 
senarius those in which the lunbilicus is meiits by lines radiating from a large, 
separated from the cellulose compart- indefinite, punctated umbilicus, each 
ments by a well-defined margin. compartment having a single series of 

A, spimdem (Shadbolt). — Compart- granules. EM. pi. 19. f. VJ.ssJJiscoplea 
ments (12 to 20) obscurely celliuose, dives, E. ; Ct/clotella dives, KA. p. 20. 
each with a median line, which termi- Fossil, ^gina. 
nates in a clavate intramarginal nodule 

or tooth ; umbilicus hyaline, definite. = Bouhtful Species, 

Actinopheema splendens, Sh TM. ii. p. 16 ; 

Actmoptychus sedmarius, E., Ro tSi. ii. A. quaternarius (E.). — Disc divided 
p. 74, pL G. f. 2. Common. Guano, Eng- into 4 compartments oy as many radi- 
land. In this species the altei-nate do- ating lines. KA. p. 130. Virginia, 
pressions of the compartments are often Diam. 1-552". A state of A. temarius H 
very slight j and the compartments being A. ? kexaplerm (E.^. — Disc with 6, 
striated, frequently appear irre^ar, and thick, solid and conical rays ; margin 
are counted with difficulty. The species thick, undulated, denticulate internally, 
nevertheless has so peculiar an aspect, KA. p. 1 31 . Fossil. Vera Cruz. (xi. 3,1.) 
that, once known, it is easily recognized. A very doubtful Diatom. 

The rays are most distinct where they A. octonarius (E.). — Disc divid('d into 
radiate from the hyaline umbilicus, at 8 compartments by as many radiating 
which part they sometimes appear thick- lines. Guano, &c. A state oi A. senarius, 
ened. In some specimens the nodules A. denarius (E.). — Disc with 10 coni- 
are confined to the alternate compart- payments and 10 radiating lines. EM. 
ments. pi. 18. f. 23. Cuxhaven and Virginia. 

A. eJeyans (n. sp.). — Disk divided into We believe this species is founded on 
compartments by lines radiating from a certain forms of A, senarius and A, 
stellate, hyaline umbilicus j compart- splendens, 

ments punctated, and each bisected by A. duodenaHus (E.). — Disc divided by 
a moniliform row of granules. =^. radiating lines into 12 compartments, 

denanus, EM. pi. 21. f. 21. Oran. Ehren- which are alternately darker ; in the 
berg has figured more than one form as centre of each compartment runs a nar- 
his jf. octodenarius ) the compartments in row line, terminating at the margin in a 
his figure of this species are 9, and each minute pseudo-nodule, so that as many 
is bisected by a monilifoim ray. as 24 rays m^y bo counted. Recent and 

A. trilingidatusi}\n .). — Valves divided Fossil. Europe, America. KA. p. 131. 
by 6 alternately elevated segments. I’he = Ileliopelta Bhaethmi, M J. viii. p. 13 ? 
elevated portions gradually rise from the A state of A, splendens ? 
circumference to near the' centre, where llio following species of Ehrenberg 
they are rounded oft’; each alternate one are distinguished by the, number of rays 
has a submarginal row of dots or tnm- only : — 

cated processes. Surface delicattdy puiic- A. quatuordenarius, 14 mys=A, splen- 
tato-striate. *0035" to ‘OOTS". \Vest dens'. A, vicefiarius, 20 rays; A, Ceres, 
Indies. Bri MJ. viii. p. 93, pi. 6. f. 2. 22 rays ; A, Jupiter, 24 rays (xi. 28). 

A. spinosus (Bri.). — ^V^alvcs with 6 seg- The three last are probably states of 
ments, alternately slightly elevated; mar- A» splendens. 

Genus HELIOPELTA (Ehr.). — Frustules disciform, undulated disc cellu- 
lose, with external rays and internal septa, a striated margin, many erect 
suhmarginal teeth, and an angular centre. As in Actinoptychus, the frustule 
is undulated, and the disc divided into cuncate compartments or rays, which 
appear alternately more distinct; “but, in addition, they have near the 
margin a row of lateral spines, somewhat like the processes of Eupodiscus, 
hut far more numerous, which probably connect the frustules together in the 
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young state. Ehrenborg has dedicated the different species of this genus to 
persons distinguished in the history of microscopic research ” (Bailey). As 
the species differ only in the number of compartments, they are probably not 


tnily distinct. 

IlELioPEiiTA (E.). — Disc having 

loosely cellulose, elevated, radiating com- 
partments, alternating with depressed 
ones marked with tine decussating lines ; 
border a rather broad striated rim. Ber- 
muda deposit, (xi. S5.) Compartments 
0; umbilicus stellate. Diam. 1-H72". 
Has tlu) habit of Actim^tychm velatm, 
= //. Meta, EB. 1844, p. 2(>8. Com- 
partments 8 ; umbilical star tetragonal. 
l)iam. 1-204”. 

H. Leemvenhoekii (EM. pi. 33. 18. f. 6.). 
— Compartments 10 ; umbilical star pen- 


tagonal. Diam. 1-156”, 

H. EuUri (EM. pi. 33. 18. f. O.V — 
Compailments 12; umbilical star hex- 
agonal. Diam. 1-156”. 

H. Svlliquet-ti (EB. 1844, p. 268.). — 
There are usually 3 teeth opposite each 
elevated compartment, and 2 opposite 
each depressea one ; but sometimes, es- 
pecially in the larger specimens, tJie tcot h 
are more numerous, wmilst in tliti smalh'r 
ones they are occasionally 1 less in each 
compartment. 


Genus OMPHALOPELTA (Ehr.). — ^Frustules simi^lc, disciform ; disc cellu- 
lose or punctate, divided by impcifcct septa into cuneate rays ; centre hyjiliiie ; 
spines, one to each compartment. “ This genus has the habit of Actinoptyclius 
and Ilcliopelta, but differs from the former in the presence of lateral spines, 
and from the latter in the small number of these processes. The species of 
these three genera often closely agree in their form as well as in the number 
of their radii and cells ; but the character of the sijines will always distinguisli 
them” (Bailey). “All the species of Omphalopelta resemble Actynoptychus 
senarius” (Kg.). 

Ilcliopelta differs from this genus in having two or more spines instead of 
one to each compartment, — a difference we regard as more suitable for specific 
than generic distinction; and wo believe that a bettor knowledge of these 
forms will prove the propriety of uniting them. 


Omphalopelta cellulosa (E,). — Ra- 
diating compartments 6, cellulose, al- 
ternately tumid and deprosed, stcllato- 
punctate; rays but slightly prominent; 
rim broad, striated. KA. p. 133. Fossil. 
Bermuda, Virginia. Diam. 1-192”. This 
species greatly resembles 4he 6-rayed 
form of Heliopelta Mctii^ in which the 
compartments have sometimes only 1 
and '2 spines alternately ; and indeed we 
are not certain that they are even speci- 
fically distinct. • 

O. areolata (E.). — Compartments 6, 
all loosely and obscurely cellulose, 
scarcely or but slightly depressed; rays 
distinct ; rim broad, radiate. EM. pi. 35 a. 


18. f. 12. = Actinocyclus areolatuBj Bri M J. 
viii. p. 93, pi. 5. f. 1. Fovssil. Bermuda, 
guano, (viii. 15.1 

O. versicolor (E.). — Compartments 6, 
all granulated in very fine decussating 
lines, which cause a play of colours from 
tawny to red ; the strong rays and hex- 
agonal crystalline umbilicus very conspi- 
cuous ; rim narrow, radiant. KA. p. 133. 
Fossil. Bermuda. Diam. sometimes 
1-252”, but mostly less. 

O. piljictata (E.). — Radiating compart- 
ments 6, all loosely punctated, 3 alter- 
nate ones slightly elevated ; rim narrow, 
not distinctly radiant; spines obsolete. 
KA> p> 133. Fossil, llermuda. 


• 

Genus ARACHNOIDISCUS (Deane). — Frustulcs disciform ; disc witt a 
central hyaline nodule or umbilicus, and numerous radiating lines connected 
*by concentric lines or series of gemmaccous granules. = Hem iptychus (E.). 
The disc has been compared to a spider's web ; hence the name. Alternating 
with the long radiate lines are one to three short marginal ones, the central 
one of these being also longer than the* other two when three are present. 
Professor Bailey informs us that Arachnoidiscus has been adopted instead of 
Hemiptychus because the latter name had previously been used in ento- 
mology. 
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Abachnoidiscus wnatm (E.). — Disc 
having its radiating lines connected by 
concentric ones. = ornatusj 
EB. 1848, p. 7 ; Arachnoidiscus ornatus^ 
EB. 1849, p. (54; Ai* TM. yi. p. 1(5; 
A, JaponicuSy Shadbolt; A. Nicohatncm, 
EM. pi. 36. f. 36 (according to Amott). 
Africa, West Coast of America, Nicobar 
Islands, (xv. 18-21.) In deference to the 
opinion of I*rof. Amott, wo have united 
A, Nicoharicus to this species ; but it is 
desirable to examine specimens from the 
original stations. Ehrenberg describes 
all the radiating lines in his A. ornatm as 
equal ; but he figui'es A, Nicoharicus with 
two sets of shorter, marginal, intemie- 
diate ones. Our specimens, in this re- 
spect, agree with A. NicohariciiSy but 
have around the umbilicus a circlet of 
close, short, radiant, oblong lines, which 
are wanting in Ehrenberg’s hgure. The 
granules, too, arc apparently larger in 
our specimens. The lines connecting the 
radiating ones often anastomose. 

A. Ehrenhergii (Bailey). — Disc with 
numerous, moniliform, concentric circles 
of large pearly granules, the circle next 
the umbilicus formed of short lines; 
radiating lines with two series of shorter 
ones between. Ehreuhergiiy l^B.1849, 
p. 64 ; SD. i. p. 26, pi. 31. f. 266. Recent, 
Coast of Oregon and California; fossil, 
Monterey and California. A, Ehren^ 
hergii is easily distinguished from A, 


ornatm by the absence of concentric 
lines. It is more hyaline, and the gi*a- 
nules far larger ana moi’e consmicuous. 
All the circles arc compact, and, except 
•the two inner ones, have the granules 
slightly quadrate, and their relative di- 
stances somewhat irregular. The second- 
ary rays are sometimes half the length 
of the principal ones ; the third series is 
simply marginal. 

A. Indicmy EM. pi. 36. f. 34. India. 
Wo have seen neither specimen nor de- 
stiription of this species. Ehrenberg’s 
figure represents the disc with numerous, 
concentric, moniliform circles of pearly 
gi’anulcs. The granules are distant in 
the first and third from the umbilical 
apace ; in all the others they are dense. 
iVofessor Amott (perhaps rightly) unites 
A. Indiem to A. Ehrenhergii but we 
have thought proper to keep them sepa- 
rate for the present, in order to direct 
more attention to tliem, because Ehnui- 
btirg’s figure of A. Tndicus differs in some 
respects from A. Ehrvnhergii. In this 
species there is no linear" scries round 
the umbilicus, the third circle has distant 
granules, all the granules are orbicular, 
there is only one series of shorter rays 
interposed between the long ones, and 
these are connected by an undulated 
line, giving the inner margin of the rim 
a scolloped appearance. Jn all these 
respects it diliers from A, Ehrenhergii 


Genus PERITHYRA (Ehr.). — Characters unknown to us. According to 
Ehrenberg’s figures, it seems to differ from Heterostephania by its larger 
tubercles. 


Pehithyua denaritty EM. pi, 35 a. 9. 
f. 6. = Coscinodisem radiaUiSy var., Wal- 
lich, TMS. viii. pi. 2. f. 22? Ganges. 
Disc with radiating series of minute 
puncta, ten intramarginal tubercles, a 


rather broad, smooth i-im, and no umbi- 
licus. (vin. 19.) 

P. qnatcrAariay^ EM. pi. 35 A. 9. f. (5. 
Ganges. A vaiiety of the preceding, 
with only four tubercles. 


FAMILY IX.— EUPODISCEiE. 

Frustulcs simple, free, disciform ; lateral surfaces furnished with processes. 
The Eupodiscem may be regarded as connecting the Coscinodisccm with the 
Biddulphicffi. They agree with th& former in their discoid frustules and with 
thfx latter in having processes on the lateral surfaces. These processes, how- 
ever, must not be confounded with the spines or teeth which occur in some 
of the Coscinodiscem. It is sometimes difficult to decide whether the discs 
really have processes or only pseudo-nodules, since, from their circular out- 
line and hyaline texture, free from cellules, both these appear like orifices 
unless seen in profile, and perhaps Actinocyclus would be more correctly 
placed in this family than with the Coscinodisceae. 

Genus EDPODISCUS (Ehr.). — Fnistules disciform ; disc cellulose or gra- 
nidatc, fumished with submargiiial circular prominences. =Tripodiscus, Tetra- 
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podiscus, Pentapodiscus (E.), Podiscus (Bail.). The cellular structure is 
usually less evident in this genus than in Coscinodiscus. We have removed 
to Actinocyclus throe species originally placed here by Professor Smith, who 
himself admits that they probably belong to that genus, as the process in all 
is rather a pseudo-nodulo than a projection from the surface of the valve.” 


Eupodiscus (E.). — Disc with 

three or more processes, subremote from 
the margin ; cellules somewhat stellate, 
intervals punctated. SI), i. p. 24, pi. 4. 
f. 39. = £. Aitiericanus, EB. 1844 ; 
quafemariuSf E, quinariusj E, Germa- 
nimsj KA. p. 134. (vi. 2 ; xi. 41, 42.) 
Recent in manne and brackish water, 
Europe, America; fossil. United States. 
This species is easily recognized by its 
irregular cellules and' intervening puncta, 
which give to the disc a clouded appear- 
ance, very unlike the usual transparency 
of Diatomaceo). The processes vary from 
3 to 5 in number. The star-shaped 
coUs appear when seen by direct light 
to be placed in tlie centre of small bosses 
or protuberances, in which respect it dif- 
fers from all other Diatomaxreio that I 
am acquainted with. Ro MJ. ii. p. 73. 

E. immtniosm (E.). — Disc with 4 pro- 
cesses on one side, hi 1. c. p. 81. Baltic. 
Distinguished the unsymmetrical dis- 
position of its processes. It is probably 
an accidental variety of E. Argus, 


Yu Eogersii (Bail., E.). — '^Frustules 
large, having 3 to 7 hyaline lateral pro- 
cesses placed on an elevated circle, 
within which the disc is slightly con- 
cave, and outside of which the surface 
is part of the frustum of a cone. = Po- 
discus Rogersiif BAJ. xlvi. pi. 3. f. 1, 2; 
Eupodiscus Eogersii, E. /. c. ; E. Baihgii, 
E. /. c. Recent and fossil. United 
States. In this specie's the processes 
are close to the rim. The whole surface 
is beautifully punctate. ... As this spe- 
cies is the largest and most beautiful of 
the fossil Infusoria occurring in the strata 
of which Professor W. B. Rogers made 
the discovery, 1 have selected it ns pe- 
culiarly appropriate to bear his name ” 
(Bail. I, c.). 

E. radiatns (Bail.). — Disc plane, areo- 
lation hexagonal, with 4 (or more) sub- 
marginal processes. “ Resembles Cosci- 
iwdiscus radiatus in size and reticulation,” 
BO. Bri MJ. viii. p. 95, pi. 6. t\ 10, 
America. 


Genus AULACODISCUS (Ehr.). — Frustules disciform ; disc granulated, and 
furnished with intramarginal, shortly tubular processes, each connected with 
the centre by a distinct furrow, or by a radiant series of more conspicuous 
granules, Aulacodisci are Eupodisci furnished with bands radiating from the 
centre and connected with the tubercles situated just Avithin the margin, and 
having the surface of their valves granulate, and not cellular. Professor 
Eiitzing makes this genus a section of Eupodiscus. 


♦ Eisc hidlate hencath the processes. 

Aula CODISCUS Petersii (E.). — Disc 
nearly colourless, having a small, per- 
foration-like umbilicus, a largo kite- 
shaped inhation, rough with minute 
points, beneath each process, and minute 
granules arranged in lines. EB. 1845, 
Eupodiscus Petersii, KSA. p. 135 ; 
E, criydaer, Sh TM. ii, pi. 1. f. 12. South 
Africa, both recent and in guano j Aus- 
trMia and New Zealand. Disc large, 
•with 3 to 6 orbicular processes, furnished 
with a central nippm and situated on 
the outer margin of the inflations. The 
^anules are minute, and arranged in 
lines, some radiant and bisecting the 
intervals between the processes, the rest 
oblique and decussating. Raised points 
are present on the inflations and less 
conspicuously along the connecting fur- 


rows and about the umbilicus; margin 
finely striated. In ordt^r to observe tho 
disc properly, it is necessary, on account 
of its unevenness, to vary the focus. 
Specimens from Now Zeahuid have tho 
granules and markings more distinct, 
and tho inflations smaller, less deflnite, 
and further from the margin. 

Ai ybr?/MWMs(Aniott,MS,). — Disc lurid, 
having an irregular perforation-like um- 
bilicus, a large cuneate inflation beneath 
each process, and radiating scries of con- 
spicuous pearly granules. = A, Bright- 
weUii, Ralfs, MS. ; A, Boliviensis, B'r<Sb. 
MS. In upper I*eruvian or Son Filipe 
guano. A, formosus agrees with A, 
Petersii in having an inflation beneath 
each process, but diflers in most other 
respects. From A, tnargarUaceus and 
A, Comberi, which it moi*e nearly rc^- 
sembles in the appearance and arrange- 
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ment of its granules, it is easily known 
by its inflations. Disc large, smoke- or 
lead-coloured, with a narrow, distinct, 
finely striated rimj inflations remote 
from the margin, and having a bright 
oint at the outer edge, placed at the 
ase of an elongated, clavate, not very 
conspicuous process. 

2 * Disc not hullate beneath the processes, 

A. scaler (Ilolfs, n. sp.). — Disc with 
oblong submarginal processes, crowded 
radiating series of minute granules, and 
scattered raised points. Peruvian guano. 
Processes 3 to 6, connected by indistinct 

r oves with the very minute umbilicus. 

the front view this species resembles 
a Cerataulus, its lateral portions being 
turgid, and, in addition to tlie processes, 
rough with minute apiculi; connecting 
zone marked by faint longitudinal lines. 

A. Kittoni (Amott, MS.). — Disc hya- 
line, with 3 to 8 submarginal crescent- 
looking processes, connecited by radiant 
rows of minute granules, with an umbi- 
lical rosette of oblong cellules. Ilecent, 
New Zeidand and Monterey Bay ; fossil, 
Monterey stone. An eh?gant species, 
distinguished by its somewhat mammi- 
form processes, which, being directed out- 
wards, appear lunate. Granules pimcti- 
form, proceeding from umbilicus to 
rocesses in pencil-like rays : interval 
etween the processes bisected oy similar 
pencils, but less conspicuous, and with- 
out furrows j the rest of the granules in 
oblique lines, as in A. Petersii, 

A. Johmmiii (Arnott, MS.). — Disc pale, 
with a circular, perforation-like umoili- 
cus, and crowded radiating series of gi’a- 
uules becoming more numerous ns they 
proceed outwards, so as to appear forked ; 
processes witliin the margin, roundish, 
small. Algoa Bay guano. Tlie rays, 
near the margin, become more numerous, 
with smaller granules, so as to logk like 
strife ; sometimes the processes appear 
within a faint circle. A, Johnsomi some- 
what resembles A. Kittoni, but is 1(»S8 
hyaline, with more conspicuous gra- 
nules, and processes moi'e distant from 
the margin. 

A. Crux (E.). — ^Disc with close, radi- 
ating, forked series of largo pearly gra- 
nules, which are crowded at the centre, 
leaving no blank space ; processes some- 
w’^hat distant from the margin. = A, Ornx, 
KB. 1844, p. 76; EM. t. 18. f. 47; Eu- 
Grwjr, KA. p. 136. Fossil. Vir- 
ginia. We are indebted to Professor 
Arnott for correcting the error wo had 
I'alleii into, of confounding it with A, 


Kittoni, In general appearance it agrees 
with A, Coniheri and A, margaritacem ) 
but the processes are more remote from 
the margin, and the connecting furrows 
obscure ; it difiers essentially from most 
other species in having large granules 
at the centre of its disc, iustefid of a 
blank space ; margin striated. 

A. margaritacem (Haifa, n. sp.). — Disc 
pale, with oblong submarginal processes, 
an in’egulor, perlbratioii-like umbilicus, 
numerous, close, moniliform, radiating 
series of large, pearly gmimles, and in- 
conspicuous coiiiiectiiig fiuTows. Patos 
or Californian guano. = A, Crux, KM. 
pi. 35 A. 16. f. 2. Disc large, with from 
3 to 10 rather small processes ; umbilicus 
usually iiTc^ular, hyaline, looking as if 
denuded ot granules, sometinujs very 
minute and suiToimded by a circlet of 
larger gi’anules. Two simple series of 
equal gran ides lead to each process, be- 
neath which, by a slight separation, they 
leave a triangular hyaline space ; the 
other series are dichoiomously divided, 
and near the margin their gi‘anules be- 
come smaller, or even punctiform, luid 
resemble strife. 

A. (Amott, MS.). — Disc lurid ; 

granules large, irregularl}^ scattered round 
the irregular perforation-like umbilicus, 
the rest arranged in crowded, forked, 

! radiating lines ; processes oblong, sub- 
margimu, with conspicuous connecting 
furrows. San Filipe guano. Processes 
2 to 6. A. Coniheti in choi'acter ap- 
proaches closely to A, margaritacem ; its 
granules, however, are smaller and more 
irregular near the umbilicus, and the 
fuiTOws leading from the processes ai'e 
much more, conspicuous ; but the most 
obvious distinction of this species is its 
lurid appearance. 

A. Jiveverm (Johnson, MS.). — Disc 
smoke-coloured, with an irregular blank 
umbilicus, rather distant radiating lines 
of large pearly granules, striated mar- 
gin, and (3 or 4) roundish submarginal 
processes. New Zealand. Of this beau- 
tiful species we have seen only one spe- 
cimen. The disc is small, apparently 
nearly flat, with very distinct granules, 
9 or 10 in ’OOl", on a dark ground ; two 
series leading to each process, wider, 
apart and moi’e parallel than the rest. 

(VI. 6.) 

A. Brotoneti (Norman, MS.). — Disc 
coloured, with a minute umbilicus, close 
radiating series of granules, and two or 
throe roundish intramarginal processes. 
Shell-cleanings, Onlifomia and clse- 
' where in the Pacific. Fossil, Monterey 
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stone. Disc small under a low newer, 
bluish, with a darker, brownish border. 
The granules, which, according to Mr. 
Norman, are about 17 in *001'', are so 
regularly arranged as to form concentric 
circles as well as radiating series. A, 
Browtudi agrees in colour with A. Ore- 
gaum, but in the arrangement of its 

f ranules more resembles A, Beeveria. 

'rora the former it differs in the regular 
radiant arrangement of its granules, 
smaller size, fewer processes, and much 
Hatter surface. From A, BeeverUe it is 
distinguished by its colour and closer 
granules. 

A. Oregnnus (Bailey). — Disc coloured, 
with circular perforation-like umbilicus, 
convex centre, tlattened border, short 
cylindrical slightly einarginate marginal 
processi?s, and series of minute crowded 
granules. Bail. Proc. Acad. Philadelphia, 
185.3 ; Grev MJ. vii. p. 15G, pi. 7. f. 2. 
California, both recent and fossil ; ]Mon- 
terey stone, Puget’s Sound. This very 


distinct species is easily recognized by 
its coloured disc and cylindrical emar- 
ginate processes, which are from 0 to 27 
in number, and close to the margin. 
Under a low power its minute gi'anules 
appear arranged in waved or obliime 
lines, but imperfectly radiant under 
higher powers, (vi. 4.) 

A./n/^/icr (Noniian, MS.). — Disc lai’ge, 
coloiu‘ed, with from 7 to IG marginal 
processes ; central granules irregularly 
scattered or crowded, the others in di- 
stinct, close, radiant rows. Fossil. Mon- 
terey stone. A. pulcher agrees with A. 
Browneii in its coloured, slightly and 
uniformly convex disc and radiant ar- 
rangtmiont of granules. It ditters from 
that species by its much larger size and 
more numerous processes. The most 
remarkable feature of this species is its 
grauulose centre, in whicli respect, as 
well as in its radiant granules, it differs 
from A. Oreganm, Granules 12 in *001". 
(yui. 28.) 


Genus AULISCUS (Ehr., Bail.). — Fnistulcs cylindrical or discoid ; lateral 
surfaces undulated, ha^ong two circular, flattened, mastoid, imperforate pro- 
cesses at some distance from the margin; umbilicus (generally present) 
smooth, circular, surrounded by a plumose arrangement of dots and lines ; 
sides smooth” (BC. 1854.). 

“ The projections on one valve are usually on a line at light angles to that 
on which those of the opposite valve are placed ” (B. ). Kutzing unites Auliscus 
with Coscinodiscus ; but it seems more nearly allied to Eupodiscus. 


* Disc with a conspicuom circular 
timhilicm. 

Auliscus prninosnsiY ^.^, — Disc with 
four sets of curved and spju-atdy punc- 
tate lines, two diverging from the large 
smooth umbilicus, while the other two 
converge round the large processes.” 
BC. 1854, pi. 1. f. 5-8. Ilecent. United 
States, (vi. 1.) “ Frustiiles large, discoid 
or cylindrical ; edges bevelled, centnil 
portion in front •\dew smooth or with 
longitudinal parallel Hues” (B.). We 
have seen frustules of this species with 
3 processes. 

A. punctatus (B.). — Frustules like 
thosef of A. pruinoms, but their linos so 
crowded and closely punctate that the 
plumose arrangement is scarcely visible. 
•BC. pi. 1. f. 9. United States. ‘‘This 
may prove a variety of the preceding ; 
but the sparsely punctate surface of the 
one and tho closely pimctato surface of 
the other appear to offer a sufficient 
distinction between them” (B.). 

A. c€Blatm (B.).— Disc with unequal, 
strongly marked lines proceeding from 


tho margin towards tho centre, but 
leaving a wtill-defiiied central, four- 
lobod or crucifomi figure, with waved 
lines radiating in four sots from the 
umbilicus. BC. pi. 1. f. .3, 4. In sand 
from West Indian sponge, and in sound- 
ings from Mobile Jlay. Umbilicus di- 
stinct, smooth, the lines proceeding from 
it towards tho processes in converging 
curves, the others variously flexed and 
anastomosing. 

2* Uinhilicus wanting or obsolete. 

A. seniphts (Smith). — Disc with un- 
cq^Ual, strongly marked sliort lines, radi- 
ating in’wards from the margin and 
leaving a woll-deiined central, four- 
lobod sp.'ice, marked with four sots of 
fainter lines radiating from the centre. 
=:Enpodiscnssculptm, Hm). i. pi. 4. f. 42 ; 
Bri M J. viii. p. 04, pi. 5. f. 3. England. 
(vi. 3.) This species resembles A. cee- 
mm, but has no umbilicus. We have not 
seen the strife of the central quatrefoil so 
strongly marked ns in Professor Smith’s 
figure, but always much fainter than the 
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marginal^ ones ; indeed sometimes they 
are very indistinct. 

A. Amertcanus (E.). — Disc with 
strongly marked lines, radiating inwards 
from the margin and leaving an irregular 
central space destitute of lines. EM. 
pi. 33. 14. f. 2. United States. The 
large processes^ as well as the central 
space, are without the radiating lines of 
A. sculptm} hut we think it probable 
that Ehrenberg’s figure was taken from 
a specimen of that species in which 
those markings were more than usually 
inconspicuous. 

A. cylindriem (E.). — Frustules cylin- 
drical, with a plane orbicular disc on 
each side, having a nm and a central 
area marked by various radiating lines ) 
processes resembling oblique openings. 

A. oveUift (Arnott, MS.). — Disc oval, 
with two opposite, narrow, hispid ele- 
vations midway between the roundish 
perforation-like apices of the processes ; 
curved lines punctate, rather faint ; um- 
bilicus obsolete. Algoa Bay and Peru- 


vian gnanos. Communicated by Mr. 
Kitten. This species is distinguished 
by its oval disc and hispid elevations. 
The truncated processes do not in general 
correspond exactly with the longer dia- 
meter of the valve, but ore placed a little 
on one side in opposite directions, in 
which respect, as well as in the presence 
of hair-like spines, it approaches Cera- 
taulus. 

Doubtful Species, 

A. polystigmm (E.). — lladiating series 
of cellides converging in two lateral 
obsolete whorls, which appear perforated 
(processes ?). Cellules 14 in 1-1200". 
])iam. 1-360".= Coscinodiscus polystigma, 
KA. p.l24. North Sea. 

A. r gigas (E.). — Margin of sides tu- 
mid, looting as if perforated, sculptured 
by elegant rows of dotted, imperfectly 
radiant lines. EM. pi. 19. f. 63. = Cos- 
cinodiscus Auliscus, KA. p. 126. Fossil. 
^■Ggiiia. Ehrenberg’s figure represents 
a mere fragment. 


FAMILY X.— BIDDULPHIE.^. 


Frustules cellulose, compressed ; lateral valves entering into the front view, 
and usually more or less produced, at one or both angles, into processes. The 
Biddulphiem are remarkable for the great development of the lateral valves of 
the frustule, which arc so convex or inflated as always to enter largely into 
the front view, causing the central zone to appear like a band between them. 
The mode of growth in this family is very interesting. Instead of simple 
elongation and subsequent division of the central zone by means of internal 
septa, new central and inner lateral valves are formed within the elongated 
original one, which, until ruptured, retains the frustules in pairs. The central 
zone is at firat very narrow and merely a broad line, but it increases greatly 
in breadth until the new frustules are fully formed. 


Genus CEIIATAULUS (Ehr.). — Frustules with turgid lateral valves, each 
valve with two tubular processes alternating with the same number of horn- 
like spines ; lateral view orbicular or broadly oval. Cerataulus seems, in some 
measure, to connect the Biddulphieac with the Eupodisce®, since, in a lateral 
view, it approaches the latter in the circular form of some of its species ; the 
front view, however, is similar to the other genera of this family : the frus- 
tules are binately conjoined by an external punctated sheath, and their pro- 
cesses are definite in number. Ehrenberg describes the frustules as simple, 
by complete fission ; but Professor Bailey finds them concatenate. Cerataulus 
is characterized by having stout hom-llkc spines, which are not situated on 
protuberances between the two processes, but alternate with them, and form 
part of the same circle. 


Ceuataulus turgidm (E.). — Pro- 
cesses short, broad, and truncate ; lateral 
valves broadly elliptic, with a submar- 
mnal band of apicuii. EB. 1843, p. 270. 
iBiddtdphia turgida, SBD. ii. p. 50, pi, 62. 


f. 384; Ro TMS. vii. p. 17, pi. 2. f. 23. 
Europe, America. Professor Bailey thus 
describes this species : — " Frustules glo- 
bular or slightly compressed, with two 
large prominences at each end, cohering 
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bv alternate angles, fomiing zigzag 
chains. Between the two processes, ana 
in a plane at right angles to that con- 
taining them, are placed two long horn- 
like processes. Two frustules are often 
connected bv an external decussately 
unctate cell, as in Isthmia and Bid- 
iilphia/’ The processes do not exactly 
correspond with the angles, but are situ- 
ated a little to the side in opposite di- 
reactions. This species, beautifully figured 
in Professor Smith’s excellent work, is 
easily recognized by its broad, truncated 
processes, (vi. 8.) 

C. Smithii (Ra.). — Valves in front view 
turgid ; processes conic, alternating with 
subulate hom-like spines ; lateral valves 
orbicular; cellules distinct. — 
radiatm?y SBD. i. p. 24, pi. 30. f. 255 
(not Bailey) ; Biddulphia radiata^ Ro 
TMS. vii. p. 19, pi. 2. f. 27-29. Thames. 
The orbicular form and differentlv shaped 
processes distinguish this species from 
the preceding. The cellules are not 
radiant ; and as Professor Smith’s name 
was bestowed in error, and is liable to 
mislead, we have thought it advisable to 
change it. 

C. Uevis (E.). — Frustules large, qua- 
drangular, with short, broad, truncate 
processes and straight intermediate mar- 
gin ; valves suborbicular, obscurely punc- 
tate, with two minute, opposite, siibme- 
dian spines. = Biddulphia Icevis, EB. 1843, 
p. 122 ; Ro M J. vii. p. 18, pi. 2. f. 24-26 ; 


Odontella poltfttiotphay KB. 1844, pi. 29. 
f. 90; Isthmia polymorphay Monta^ie. 
Shores of North and South America. 

(vi- 7.) . 

C. ihermalis (Me.). — Large, joints cy- 
lindrical, angularly concatenated by a 
lateral isthmion ; lateral valves very 
smooth. = Melosira (JPleurosira) tiiermaliSf 
Menegh. 'On the Animal Nature of 
Diat.,’ p. 391. Warm springs of Eugania. 
Length of frustules very variable. Kiitz- 
ing refers this to the preceding species, 
— a decision from which Meneghini dis- 
sents. The following extracts are taken 
from the work of the latter : — “ Kiitzing 
says, ^ Your Melosira (J.Heurosira') ther~ 
7nalis is in no respects different from the 
Odontella polymot'pha. I have compared 
your specimen with that of Montague. 
There are oven found the delicate points 
upon the shield, as in the other, wiiich I 
have inadvertently omitted in my figure. 
Your specimen is certainly an Odontella, 
although the articulations are cylindri- 
cal.’ ” On this opinion Meneghini mokes 
the following comments: — "Although 
I have had on opportunity of examining 
fragments only of Montague’s Isthmia 
polymorphay I am positive in treating 
the matter dilfercntly. It is admirably 
figured by Kiitzing ; the articulations are 
not cylindrical, and, though obtuse and 
slightly prominent, the lateral processes 
are very evident.” For other distinctions 
between them, see the work quoted, p. 483. 


Genus BIDDULPHIA (Gray). — Frustules compressed, quadrilateral, 
cohering by their alternate angles, and thus forming a zigzag chain ; angles 
equal, elongated into tooth-like projections ; spines none, or confined to the 
intermediate rounded projections ; lateral valves constricted laterally at their 
base. Great difference of opinion exists as to the proper arrangement of the 
forms here associated, whether they should be included in a single genus or 
not. Ehrenberg and Kiitzing distribute them in two genera ; but although 
their genera appear identical, yet their definitions differ so much as to make 
the agreement irf fact merely nominal. Professor Smith unites Cerataulus and 
Zygoceros, as well as Odontella, to Biddulphia, whilst Professor Bailey, whose 
opportunities of studying this family have been so ample, admits the i)ropriety 
of conjoining Biddulphia and Odontella, but is not prepared to add Zygoceros. 
Breb^son, who first conjoined Biddulphia and Odontella, subsequently recog- 
nized both genera. Ehrenberg and Kiitzing concur in describing Biddulphia 
and Odontella (Dcnticella, i?.) as concatenate, and Zygoceros and Hemiaulus 
ns simple. Elu’enberg distinguishes Biddulphia from Odontella by the ab- 
sence of spines, which arc present in the latter. Kiitzing, on the other hand, 
characterizes Odontella as smooth (not cellulose, though often punctate or 
granulate), without internal septa, and. Biddulphia as regularly punctato- 
cellulose, with internal septa. Smith find^ spines in the typical species of 
Biddulphia ; and Bailey considers the presence or absence of spines an unim- 
portant accident. We retain our former opinion, that we cannot exclude any 
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species firom Biddulphia merely on account of the absence of costas, without 
violating natural afilnity, and dividing Isthmia also. In Biddulphia, Kiitzing 
forms his species solely from the number of lateral' costae and consequent 
divisionAl[chambers) ; his species, however, have been generally rejected; and 
we think that, like similar characters in Actinoptychus and other genera, such 


distinctions are essentially erroneous. 

* Valves with undulatinff margins and 
transverse costee or depressims. 

Biddulphia palcheUa (Gray), — Fnis- 
tulea distinctly reticulated ; valves with 
obtuse processes, and from one to* live 
smaller intermediate projections sepa- 
rated by costsD extending to the suture. 
SI), ii. p. 48, f. 821. B. iriloctdaris, Kiitz. 
(with two costas); J9. quinqueloctdaris, 
Kiitz. (with four costae) ; B. septemlocu- 
laris, Kiitz. (with five costae) ; DenticeUa 
BitUlidphia, E. (central projection armed 
with spines) ; B, austrahsy Montague ; 
B. ehngata, Montague (with broad cen- 
tral portion), (ii. 46 to 60.) I’he di- 
stinctive character of this species is the 
costae or imperfect septa which separate 
the projections. Lateral valves oval, with 
undulated margins and a large pseudo- 
opening at each end. In the young state 
there is only one rib, and no interme- 
diate projection. 

B. liegina (Sm.). — Valves with three 
median elevations, the central one 
largest, unarmed; processes little ex- 
ceeding the median elevation in length, 
papillate, rounded ; cellules of elevation 
distinct, those of valves and central zone 
minute. SD. ii. p. 60, pi. 46. f. 323 ; 
Ro TMS. vii. p. 8. Dredged off the 
Island of Skye. Professor Bailey refers 
this species to B, tridentata^ and Pro- 
fessor Williamson, according to Pro- 
fessor Smith, to B, Tuoineyi. We have 
seen no specimen, but ti-ust to the Avell- 
known accurac;y of Professor Smith’s 
figures for its distinctness in the form 
and comparative shortness of its pro- 
cesses. 

B. tridmtata (E.). — Jjateral valves 
dotted, having elongated, obtuse pro- 
cesses, and one to three unequal inter- 
mediate projections ; constrictions ap- 
proaching the suture. EM. pi. 19. f. 21. 

DenticeUa tridentata, E. (centrol pro- 
tuberance armed) ; DenticeUa Tt'idens, E. 
Fossil. America. Professor Bailey re- 
fers B, Beginay Sm., to this species, but, 
judging from the descriptions and figures, 
the}' seem to us distinct. In this species 
the processes ara more slender, longer 
than the intermediate projections, and 
mostly constricted beneatn the apex. 


Mr. Roper unites this species to B, 
Tuomeyx^ and is probably right in so 
doing. 

B. ohtma(K ,'), — ^Frustulesvery smooth, 
short, with turgid, obtuse, short horns, 
and a very short intermediate process. = 
OdanteUa ohtusay KA. p. 136. Heligo- 
land. (xm. 30 to 32 a.) 

B. suheequa (K.). — Frustules oblong, 
verysmooth; horns minute, without inter- 
mediate 'OTo\Qct\ons,= OdonteUa sidtecquay 
KB. pi. 18. 8. f. 4, 6. Heligoland. Pro- 
fessor Smith is probably right in regard- 
ing the last two as states of B. aurita. 

B. l^is (E.). — ^Has the habit of B. 
auritay but its valves are smooth and 
tridcntate. = Dm^ic<;/Za Itsvisy EM. pi. 83. 
16. f. 6. Antarctic Sea. Diam. 432". 
Ehrenhorg’s figure of this species but 
slightly resembles B, aurita i the horn- 
like processes are elongated, slender, and 
awl-shaped, and not the least inflated ah 
the base ; the intermediate margin also 
is convex, and not elevated into a central 
projection. 

Ji. Tuomeyi (B.). — ^Valves having ob- 
tuse horns with swollen bases, between 
which are from one to three shorter, 
rounded projections, the middle one 
largest, and often bearing two spines. = 
Zygoceros Tuomeyi, BAJ. xlvi. pi. 3. 
f. 3 to 9. Fossil. America, Patos guano, 
(vi. 10.) The central zone is narrow- 
linear, and siightly projects at each end ; 
lateral valves covered with shagreen-like 
asperities, which are most evident on the 
projections ; processes generally con- 
stneted. At the base of each swelling 
is a short, linear, hyalino line which re- 
sembles a perforation, but which we be- 
lieve is really a smooth elevation. 

B. polymera (E.). — Lateral valves 
granulated, very broad and short ; angles 
elongated into conical processes ; dnter- 
mediate projections several (about nine), 
rounded, the central one largest. ^^Denti- 
cella? polymera, E., BAJ. xlviii. pi. 4.- 
f. 20 ; OdonteUa ? polymera, K. ; B. 
Tuomeyi, Ro TMS. vii. p. 8. Fossil. 
Bermuda. The lateral valves ore so 
short that the constrictions between the 
lobes reach nearly to the base. This 
species is remarkable for the great num- 
ber of intermediate projections, of which 
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the central one is the largest, the others 
decreasing regularly on each side, two of 
them armed. Mr. Iloper unites this form, 
probably correctly, with B, TuomcyL 

2 * Valves lanceolate or elliptical^ witlmd 

wididated margins (Odoutella, Ag,), 

B. aiirita (Lyngb., Brdb.). — Frustulos 
iiiiely punctated ; angles prolonged into 
slender conical horns, with an interme- 
diate projection, which is usually fur- 
nishecl with a few spines ; valves elliptic- 
lanceolate. SBD. li. p. 49, pi. 45. f. 319. 
= Odontclla anritUf Ag., K. ; Benticella 
auritaj E. ; Denticella gracilis^ E. Ame- 
rica, Africa, Europe. 

B. Roperiana ((Ire v.). — Valve elliptical 
oval, with central ehivation, which in 
front view is depressed or sometimes 
bilobod, puiKitate, unarmed; angular pro- 
cesses scarcely produced, obtuse, lai*gely 
inflated at base ; connecting zone With 
rows of minute granules, parallel with 
suture of the valve. Grev JMS. vii. 
p. 193, pi. 8. f. 11-13. Seaweed, Mon- 
terey ; Californian guano. “ This species 
appears to bo removed from B, aurita and 
its varieties by the absenc<3 of spiiKJS, and 
the very depressed, often two-lobod cen- 
tral elevation of the valve " (Grev.). 

B. hnifici'uris (Grev.). — Valve in front 
view with central elovatiioii, bearing a 
very long spine ; angular processes very 
much produced, awl-shaped ; surface 
minutely granulate. Grev .IMS. vii. 
p. 1G3, pi. 8. f. 10. Californian guano ; 
Sierra Leone. 

B. turgida (E.). — Lateral portions in 
front view scabrous, with produced, 
conical, obtuscj angles, and two distant, 
long, intermediate spines; vaU^es elliptic- 
lanceolate: = Denticella turgida, EB. 
1840, p. 207; Odontella turgida, KB. 
t. 18. f. 89 ; Biddnlphia granulata, Ho 
TMS. vii. p. 13, pl.^1. f. 10, 11. Atlantic. 
Britain. Processes large, inflated at 
base, slightly recurved ; spines generally 
slightly bent at the middle ; valves rough 
with minute apiculi. 

B. reticulata (Uo.). — Valves hirsute, 
with "large hexagonal reticulations ; 
processes obtuse, subconic, inflated and 
gibbous at the base. Ro TMS. vii. p. 14, 
pl. 2. f. 14-17. Ceylon, Natal, New 
Zealand. Valves eUiptic; connecting 
zone having rows of rather conspicuous 
dots. 

B. Indica (E., Ro.). — ^Valves hirsute, 
with slender, elongated, aubcapitate pro- 
cesses, and a long awl-shaped spine 
near each process. Ro TMS. vii. p. 10, ! 


Denticella Indica, ERBA. 
, p. 802. Natal, (vi. 12.) Valves 
Iwceblate, with the pseudo -apertures at 
right angles to the length of ^e valve, 
Rcmer. 

B. tumida (E., Ro.). — ^Valves broadly 
elliptic, with very fine radiating dots, 
and two or three subniarginab spines ; 
in front view globose, with tapering 
obtuse processes. Ro TMS. vii. p. 16, 
pl. 2. 18, 19. = DenticeUa tumida, 

ERBA. 1844, p. 206 ; Odontella tumida, 
KSA, p.. 137. Bermuda ; Californian 
guano. 

B. Macdonaldii (Norman, MS.). — 
Frustules finely striated, with very snort, 
nearly obsolete processes; valves with 
transverse stria) interrupted by a median 
line. Shark’s Bay, Australia, (viii. 23.) 
Valves minutely dotti^d between the 
stniB ; frustules somewhat twisted. For 
the description of this species we are 
indebted to G. Norman, Esq. 

Doubtful or imperfectly known Species, 

B. ? brevis (E.). — Small, laterally lan- 
ceolato-rhomboid, smooth, tiipartite 
with two septa; lateral portions also 
three-lobcd ; lobes small, subequal ; 

? soudo-op(mings obsolete. KA. p. 138. 
Portugal. 

B. P gigas (E.). — Large, very turgid 
at the centre, rough, without distinct 
granules, laterally five-jointed, having a 
large, oblong (pseudo-) opening at eacli 
attenuated apex. KSA.. p. 138. Fossil. 
Bermuda. l)iam. 1-144 . 

B. ? lunata (E.). — ^Valve three-lobed, 
smooth, slightly curved, lunate, with 
subacute horns. EM. pl. 18. f. 63. Fossil. 
Virginia. Diam. 1-804". 

B. ? ursina (E.). — I^argo, turgid, not 
cellulose ; sides hirsute, not constricted, 
middle part smooth. KSA. p. 138, 
fragment. Antarctic regions. Diam. 
1-192". Remarkable for its hairiness. 

B. ? amphicephala (E.). — Smooth, nar- 
row, wand-like, concatenate, constricted 
beneath each apex ; hcjiice each end capi- 
tate, rounded. = Odontella? amphicephala, 
E. KSA. p. 137. Mouth of the Tagus. 
Individual frustules resemble those of 
Navicida diciphala in habit. 

B. ? Fragilaria = Denticella ? KM. 
pl. 21. f. 31. Algiers. Perhaps a frag- 
ment of Eucyrtidium Uneatum, 

B. ? Cirrhus(E.). — In Barbadocs earth. 
We have seen neither description nor 
figure of this species. 

3 I 
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Genus POBPETA (Bailey, MS.). — Frustiiles simple (?), compressed, each 
valve with two short obtuse processes, and two interaal curved plates which 
do not extend to the central portion. We give this genus in deference to the 
opinion of our highly esteemed correspondent the late Professor Bailey, but 
doubt whether it is sufficiently distinct from Biddulpliia. In Porpeia tho 
septa appear like costce incurved at their inner ends. 

PoiiPEiA (Bai. MS.). — Pro- Bailey. ^^At first sight this species 

cesses Avith punctated rounded ends, the suggests a relation to Grammatophora; 
intermediate margins slightly convex ; but the curvt*d plates run at right angles 
lateral view narrow, with two constric- to their position in that genus (i. e. not 
tions, and rounded ends. Gulf-stream, parallel to the division ot the frustules, 
(vi. 6.) From drawings by Professor out perpendicular to it).” — B. in lit. 

Genus ZYGOCEROS (Ehr.). — Frustules free, comjiressod, not concatenated ; 
each valve with two (apparently) i)crforated horn -like processes. Although 
wo have retained this genus, yet w’o think it is very probable that a better 
knowledge of its species will justify Professor Smith in uniting it with 


Biddulphia, from which it (lifters only 

Zygockuos Rhomhis (E.). — ^Frustuh‘s 
turgid, Avith a smooth or faintly punc- 
tated central portion; lateral vah'c rhom- 
boid with roiiiidod angles, its siufac.o 
liaA’ing very fine gi’aniilated strije. = 
Jiiddulphia JRhomhftSf SBI). ii. p. 40, 
pi. 46. f. 320; Uo TMS. vii. p. 11, pi. 1. 
1.4. America, Europe, Enghiijcl. /3,vnlA*e8 
Avilh one or more nu’dia?! spines, = 7>;i- 
ticoHa RhomhffSf I], ; OdonUila Ithomhmj 
K. Jiarge; strim 24 to 20 in 1-1160". 
Dimn. 1-720". “Spines submargiiial, 
awl-shaped, abbrcA'iatcd ” (Sni.). 

Z. radiatns (B.). — Frustules large, 
turgid; latt?ral valve rhomboid, AA’ith 
rounded angles and radiating series of 
granules. BSC. vii. Z. lUikma, EM. 
])!. 35. A. 23. f. 17 ; Bri JMS. vii. n. 181, 
pi. 0. f. 16. Nova Scotia. “Axin in 
habit to Z. SurirvUny but larger than 
Z. lihomhufi. Central zone punctated ” 
(Khr.). 

Z. Surindht (E.). — Finstulcs small; 
lateral valve lanireolatn, Avith constricted 
obtuse apices ; surface with transverse 
gi*n.niilar lines, internipt('d by a median 
longitudinal hand. Bo TMS. ii. pi. 0. 
f. il, 12. Alive. Europe. Thanms. 
(xT. 50, 61.) Diam. 1-720". Central por- 
tion smooth, granules of waU'cs more di- 
stinct than in Z. Rhomhtts. Distin- 
guished by the smooth longitudinal line 
in a lateral view. 

Z. Bipom (K.). — Frustules laterally 
lanceolate, Avith acute ends, and two 
smooth median constrictions; granules 
delicate, not radiant. KSA. p. 139. 
Bormudn deposit. Diam. 1—384". Angles 
Avilh sniall horns. May be known by 
hi»^ing, in the lateral view, tAvo trans- 
A evse lines. 


in its simple frustules. 

Z. stiiifpr (E.).— Frustules laxly cellu- 
lose ; A’ulx es Avith double nualian coii- 
strictiou of the side; angles produC(al 
into long, acute, stilifonn horns. KSA. 
p. 130. Fossil. Bemiuda d(‘p(>sit. Diam. 
1-1162". “Z. stUiper may be a species of 
Memiaulus ; but the constrictions resem- 
ble those of Biddulphia, save that they 
want tho wide apertures of the horns ” 
(Ehr.). 

Z. amtrali^ (15.). — Frustules smooth ; 
horns ol)solete; lateral valve turgid- 
lanceolate, Avith conspicuous pseudo- 
openings. KSA. p. Ii30. Antarctic Sea. 
Diam. 1-480". 

Z. ?Cirvinu8 (B.). — Frustules minutely 
and decussately punctate ; lateral valves 
forming truncated cones without pro- 
cesses, but each having tAvo long, seti- 
fomi, bent spines ; latcmil vicAv ellipticj. 
BC. vii. pi*. 1. f. 19, 20. Fossil. Vir- 
ginia. Characterized by the conic out- 
line of the lateral valv^es, and the absence 
of pro(;e.s8es. 

Z. Navicula, EJVL pi. 19. f. 22. Fossil. 
Greece. Lateral valve oblong, with 
transverse r()Avs of dots, a transverse 
smooth median band, and a pseudo- 
opening at each tmd. 

Z. paradoxus (E.). — Smooth, laterally 
linear-oblong Avith rounded ends.” EAl. 
pi. 22. f. 64. = SurirelM paradoxa, EM. 
Caltanisetta, Sicily. 1-676". 

Z, Sietdus (E.Y — Smooth, linear'; 
laterally rhomboid, with obtuse ends. 
KM. pi. 22. f. JSunrella rhoniboidea, 
EM. P'ossil. Sicily. 1-744". 

Z. Mohilumsis (B.). — Frustules (jua- 
drangular, thin, delicately punctate ; 
valves with .slender, tapering lateral 
pvot^essps, and two slight intermediate 
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projections armed with one or two veiy 
long hlifomi spines. BC. 1859. 
dulphia BaiUiyUf SBD. ii. p. 50, pi. 62. 
f. 322; Ro TMS. vii. p. 12, pi. 1. f. 6-9. 
America. In stomach of Ascidia}. Hull, 
Teignmouth. (vr. 11.) Frustules fra- 
gile, yellowish. A wcU-marked species ; 


there is no central projection of the valves, 
but two’ slight elevations, furnished with 
one or more bristles, and dividing the 
margin into three nearly equal portions. 
The elevations appear situated oetweeii 
the processes, but are really placed on 
opposite sides. 


Genus HEMIAULUS (Ehr.). — ^Fnistules compressed, subqnadrate ; fission 
perfect, hence not concatenate ; valves without lateral constrictions, each with 
two processes — that of the one side (apparcntlj' ?) open, the other closed. The 
genus has the habit of Biddulphia, but is devoid of the lateral constrictions. 
It has the form of a Pandean pipe. As the valves are not constricted, the 
basal angles are rectangular, and the outer margins of the processes (which 
arc generally attenuated, narrow, and elongated) are straight. 


IIisMiAULUs antarctiem (E.). — Frus- 
tulea strongly granular ; lateral processes 
elongated, of one valve truncate, of the 
other elongated ; a short median rounded 
projection between the processes. EM. 

E l. 65. A. 22. f. 15. Antarctic Sea. (xi. 54.) 

ham. 1-1152". Granules in parallel 
rows. 

H. Pohjcystinorum (E.). — Angles ex- 
tended into very long, naiTow, linear, 
horii-liko pro(jesses, which are attenuated 
at the extremis, and, aa well as the base, 
cellulose. EM. pi. 60. f. 4.6. Barbadoes 
deposit. Between the processes are from 


one to three alight projections ; lateral 
view oval, bordered, having transverse 
bars corresponding in number to the do- ’ 
pressions. 

IT. ? Australis (E.). — ^Valves strongly 
granulate ; lateral processes rounded, 
intermediate one obsolete. KSA. p. 169. 
Antarctic Sea. 

H. ? Californiens (E.). — \ alve granu- 
late, having a subqnadrate baso \ angles 
extended into linear processes without 
intermediate projections. EM. pi. 36. 13. 
f. 15. In Californian tripoli. 


Genus ISTHMIA (Ag.). — Frustules compressed, trapezoidal, cellulose, 
attached, cohering by short ncck-liko processes, so as to resemble irregularly 
branched filaments. Frustules always more or loss obliciue, the lower anglo 
of each prolonged into a process by which it coheres to the one beneath, and 
whicli in the basal frustule forms the stipes by which the filament is attached. 
The frustules are turgid, and the reticulations of the central portion smaller 
than those of the sides. 


IsTmriA enervis (E.).— Bateral valves 
with Lai»go, somewhat quadrate cellules 
niTunged in transverse parallel lines. 
= Confma obliquata^ EB. t. 1869 ; Z 
vhliquata, Ag. ; Z nwixosa, KSA. p. 135; 
1^ Inf. p. 209, pl.*16. f. 6 ; SBD. ii! p. 52, 
pi. 48. Europe, America, Capo of Good 
Ilope, &c. (x. 183.) The lateral por- 
tions are separated from the central one 
by rather broad lines, produced by the 
junction and inllection of the margins, 
and which fonn internally projecting 
plates or rims. The cellules oordering 
• the sutures are somewhat larger than 
the other cellules of the central portion, 
but less remarkably so than in the next 
species. 

I. narvosa (K.). — Lateral portions with 
parallel transverse costas, having two or 
more series of hexagonal cellules in each 
interval. = Diatoma ohliquatiimf Tjyng. ; 


Z ohliquatay E. ; Z nercosay KA. 135 ; 
SD. ii. p. 52, pi. 47. Northern shores of 
Europe and America. This is usually a 
more northern species than Z enervis. 
The cellules are smaller, except a series 
of large conical ones bordering the inner 
side 01 the sutures, and the frustules are 
generally not so wide in proportion to 
their length; but the most evident di- 
stinction is the division of the lateral 
portions into compartments by the coi^tse, 
which often anastomose. 

1. minima (Ilaiw. & B.). — Central por- 
tion very finely decussately punctated ; 
lateral portions granulated by large 
cellules. Proc. of Acad, of Phil. Kio 
de .laneiro and Sooloo Sea. 

Imperfectly known, 

I. ? Africana (E.). — Large flat frag- 
ments resembling the central portions of 
3 I 2 
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Isllnnia, marked by transverse rows of ERBA. 1844, p. 83. Diameter of largest 
very minute cellules. Oraii, Afiica. fragment 1-216". 


Genus HYDllOSERA (Wallich). — Fnistulcs quadrate, united into fila- 
ments, and furnished with conspicuous horizontal bands or septa; valves 
cellulose, compressed, or triangular, with internal septa, and, on one side only, 
with minute, aperture-like appendages. Marine. Filaments elongated, 
attached, compressed, or prismatic. Joints rectangular, connected at the 
angles by mucous cushions, and marked by bands passing across the valves 
and connecting zone. In the lateral view the ends or angles are separated 
by septa. Hydrosera seems allied on the one hand to the Tcipsinoea), and on 
the other to the Biddulphicac and Angulifcrca). 


TlYDnosEUA compressa (Wallich). — 
Filaments compressed ; valve oblong, 
divichul into throe inflated compartment.s 
by two transverse septa. WalTich, MJ. 
• vi. p. 252, pi. 13. f. 7-11. Ejist Inditis. 
Side view with blank angles, occasionally 
furnished with a few minute spines. 
(VI. 8.) 

IT. trifjHctrn (Wallich). — Filaments 


triquetrous ; valves triangular, with the 
subcircular centre divided from tho ob- 
tuse, somew'hat produced angles by 
septa. Wallich J\I J. vi. p. 251, pi. 13. 
f. l-G. F]ast Indies. Front view wdth 
four transverse bands ; valves with un- 
dulated sid(?s, reticulated, except at tho 
angles, which are furnished with a few 
extremely minute spines (vi. 13.) 


FAMILY XI.— ANOULIFEIlEiE. 

Fnistulcs cellulose or graniihilc ; in lateral view angular. This family is 
closdy allied to Eiddulphicue (and in some manner connected with tho Cosci- 
nodisccoo and Eupodisccoc). As in that family, the lateral portions are scon, in 
the front view, having the central portion like a band between them. Hence, 
in order to determine their jiropcr family, it is frequently necessary to see 
them laterally. The angles, however, in tho front view are usually less 
elongated, and tho intervening margin less lobod in the Angulifercso than in 
tho Eiddulphieaj. 


Genus EUODIA, n. g. (Bailey, MS.). — Fnistules cellulose or granulate ; 
in lateral view lunate. Euodia agrees with the Eunotieaj in tho shape of its 
frustulos, which can scarcely be called angular ; yet, notwithstanding that 
resemblan(?e in form, its punctate or granulate surface induces us tp place 
it here. 


Euodia (Bai. MS.). — ^Frustules 

ill lateral view seniiluiiate, the ends 
somewhat conical, the lower margin 
gibbo.se ; surface with radiating series of 
minute granules. Ilecciut. Gulf Stream, 
(viri. 22.) From a drawing by Pro- 
fessor Bailey. .Tli(3 upper margin is very 
convex, the lower one less so. A con- 
trac.tioii near the obtuse (uids makes 
them 'appear somewhat produced and 
conical. Professor Bailey repnjsents the 
cros.s section as cuneatt.*. Ooniothedum 
muinlisj EM. t. 3.3. 18. f. 4, greatly re- 


sembles this species, and may be iden- 
tical. .The upper margin, liowover, is 
represented as more conviix, tluj ends less 
produced, and the gi*anules larger and 
less numerous. 

E. UnghtweUii, — Fnistules scmilu- 
nate,^ ends scarcely produced, lower 
margin . concave ; granules somewhat 
concentric. = THcn'atium scinicirculare. 
Bri MJ. i. p. 252, pi. 4. f. 21. Bermuda 
earth. T. ohtimunj EM. pi. 18. f. 49, 
may probably be referred to this species. 


Ociiiis HEMTDTSCUS (Wallich). — Fnistules free ; valves ccUulosc, arcuate, 
with a ventral marginal nodule; cellulation hexagonal, radiate. Marine. 
Wo doubt whether Hemidiscus bo distinct from Euodia, since the only di- 
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stinction seems to be the marginal nodule of the fonnor, — a character iHJrhaps 
overlooked by Professor Bailey. 


IIkmidtscus cuneiformis (Wallich). — 
Valves flemilunate venter with a mar- 
ginal row of puncta^ and slightly gibbous 
at the middle. Wallich, TMS. viii. 


p. 42, pi. 2. f. 3, 4. Bay of Bengal and 
Indian Ocean. Cclliilation distinct, 
largest at the centre. Connecting none 
broadest at the dorsum, (vi. 14.) 


Genus TKTCEKATIUM (Ehr.). — ^Frustulcs ceUulose, free, simple ; in lateral 
view triangular (rarely with four or five angles). This genus 1ms been well 
illustrated by Mr. Brightwell in his excellent monographs published in the 
^ JoiuTial of Microscopical Science;’ so that the species can bo distinguished 
witlumt much difficulty. His discovery, in more than one species, of fnistules 
with four or even with five angles, shows that in this, as in several other cases, 
the number of parts do not afford good generic distinctions. We were inclined 
to i)lace greater reliance upon their complete fission ; but Professor Bailey in- 
formed us that he had mot with catenate specimens. !Mr. Brightwell, indeed, 
says that “ the projection of a connecting membrane (central portion) beyond 
the suture of the valve, which is one of the characters of the genus Am])hi- 
tetras, is not seen in the s(iuarc forms of Triccratium ; ” but we greatly doubt 
the validity of this distinction. One of the difficulties attending the study 
of this genus, and the determination, especially in the fossil forms, of the 
s])iH;ies, arises from the difficulty of obtaining perfect frusiukis, and examining 
them in their front asi)cct. The imperfect frusiiiles present only the end or 
triangular wall, fium which alone no peiibctly satisfiictory specific character 
can be obtained ” (Br.). 

The descriptions, unless otherwise specified, ap])ly to the lateral view of 
the fnistules, and are drawn up, with few exceptions, from J^Fr. Brightwell ’s 
monograj)hs. 


♦ Lateral surfaces spinous, 

Tuickratium spinosum (B.). — Sides 
nearly straight; angles prolonged into 
horn -like processes; granules minute; 
spines numerous ; front view constricted 
beneath the processes. Silliuian’s Jour- 
nal of Science;, xlvi. pi. 3. f. 2. = T, seti- 
/ 7 m//a,BC. 1854, pi. 1. f.24^ T, armatunij 
Ik) MJ/ ii. p. 283 ; T, tHdactylumy Bri 
MJ. i. p. 248, pi. 4. f. 3. Eossil, Ame- 
rica; recent, England, Florida, (vr. 
19.) A variable species; its numerous 
spines and somewhat triradiato form best 
mstinguish it. Larger spines are often 
interspersed among the smaller ones. 

T. compactum (Bri. MS.). — Spinous; 
front view constricted beneath the some- 
what inilated processes ; central portion 
bordered by a series of large cellules. = 
T. armatumj jS, Bri M J. iv. p. 274, pi. 17. 
f. 11. llecent. Australia. Smaller than 
T. spinosum, but like it in form, having 
a spine on the middle of each side. In 
the front view it is veiy difierent. 

T. conife^'um (Bri.). — Sides irregu- 
larly concave ; angles drawn out into an 
cxtoiidod cone with a short, stout horn 
near each; centre of frustulc convex. 


with three seta).’’ Bri MJ. iv. p. 274, 
t. 17. f. 0. Shell cleanings. The mani- 
millate angles, giving the sides a waved 
appcavaricM;, mark the species. The gra- 
nules arc not radiant. 

T. contortion (Sh.). — Angles prolonged 
into curved horn-like proce8Mt;8 ; spines 
in three radiate tloiiblc rows, te-niiiiiating 
near each angle with a long bristle. Sli 
TMS.ii.p.l5, nl. l.f.7. Becent. Natal, 
(vi. 18.) Well distinguished by its con- 
torted angles. Sides straight. 

T. orbiculatum (Sh.). — Sides convex ; 
angles obtuse, each with a circular 
pseudo-nodule accompanied by a spine ; 
gi’aniiles minute, radiating. SIi TMS. ii. 
p. 15, pi. 1. f. 0. Natal. The front vi(!w 
shows the naiTow central portion marked 
like the lateral portions, which are huge, 
not constricted, and terminated by three 
truncated cones. Mr. Brightwt;!! enter- 
tains 110 doubt as to the identity of liis 
specimens witli Mr. Sliadbolt’s species ; 
yet the latter’s figure has no spines, and 
ho describes 'Hhe margin being so in- 
•fiatod as to cause the triangular outline 
I to approach that of the circle.” 

1 T. MarylaiuUcum (Bri.). — Sides nearly 
I straight, with rounded angles, without 
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pscudo-nodulos ; granules minute, radi- 
ating from an angular umbilicus ; snines 
few, marpnal. Bri MJ. iv. p. 276, pi. 17. 
f. 17. Maryland deposit. There is at 
each angle a shoi-t spine, and sometimes 
another at the middle of each margin. 
Professor Bailey regards this species as 
identical with T, Amhlyocero8\ but we 
cannot believe that Ehrcnbcrg would 
have omitted so remarkable a chai*acter 
as the angular umbilicus, nor are both 
species found in the same deposit. We 
have already given our reasons for doubt- 
ing the correctness of the supposition 
that Ehrenbfirg founded his Symholo- 
phora Trinitatis upon this species." 

T. anmdatum (Wallich). — ^Valvo mi- 
nute, with slightly produced rounded 
angles and concave sides ; surface marked 
with concentric rings, and a ray proceed- 
ing from the centre towards each angle. 
Gangcjs. Wallich, INIJ. vi. p. 249, pi. 12. 
f. 15. Valves covered with minute 
puncta, aggregated into concentric rings. 

2* Lateral mr faces with radiating 
reiu’-like lines, 

T. radiatum (Bri.). — Sides straight ; 
angles obtuse? ; radiating lines most evif 
dent at cemtre and margin; granules 
minute, radiating. Br. I, c, p. 275, pi. 17. 
f. 14. Barbadocs deposit. Frus tides 
large, without horn-like processes. 

T. marqinatwn (Br.). — Valves with 
a triangular centre, which is surrounded 
by a broad border divided into compart- 
ments bv short transverse lines. Br MJ. 
iv. p. 276, pi. 17. f. 13. Fossil. Sides 
straight, angles with double pseudo- 
nodiiies ; granules of centre minute, 
radiating, those of compartments larger 
and scattered. 

T. venosiim (Br.). — Sides concave ; 
angles rounded, surface dotted, and 
marked by three radiating pinnated lines 
or veins, (vi. 17.) Br MJ. v. p. 274, 
pi. 17. f. 6. Barbadoes' deposit. A very 
beautiful and distinct species. 

T. tahellanum (Br.). — Mai’gin indented 
in foliaceous curvatures ; granules nume- 
rous near the margin, elsewhere in 
patches; angles with small horns. Br 
MJ. iv. p. 276, pi. 17. f. 16. Honduras. 
This species is well distinguished by its 
scolloped margin. It is doubtful whe- 
ther it is properly placed in this section. 

T. variahile (Br.). — Surface with a 
transverse line below each angle, and 
some irregular radiating veins ; granules 
scattered, indistinct at the angles. Br 
MJ. iv. p. 276, pi. 17. f. 19. l^cruvian 


^ano. Besembles T. altemanSy but is 
larger and generally distorted ; the angles 
are conicfu. Mr. Brightwell figures a 
quadrangular form of this species. 

T. truncainin (Br.). — Angles elongated 
into broadly truncate arms, centre di- 
vided into granulated compartments by 
radiating vein-like lines. Br MJ. iv. 
p. 274, pi. 17. f. 4. Barbadoes cai’th. 
Frustules triradiate. 


3* Lateral surfaces with transverse lines 
separating the angles from the hexagonal 
centre. 

T. hrachintum (Br.). — ^I'riradiate ; an- 
gles elongated into truncate arms, and 
separated from centre by transverse lines. 
Br MJ. iv. p. 274, pi. 17. f. 3. Barba(lo(*s 
earth. Distinguished by its angles pro- 
longtid into raj s. It resembles T. triin- 
catiim in form, but is smaller, and has no 
radiating veins. 

T. alfemans (Bai.). — Sides straight, 
angles obtuse, granulated lilu? the hexa- 
gonal centre. SBD. i. p. 20, pi. 6. f. 46. 
Common, recent and fossil. England, 
United States guano, (vi. 21.) Front 
view quadrate, not constricted ; the 
angles not prolonged into proctisses. 

T. trisukum (Bai. MS.). — Sides very 
concave ; angles broadly rounded, sepa- 
rated from centre by transverse lines; 
granules crowded and very minute at 
angles, elsewln'ro few, largt?, and scat- 
tered. (viri. 27.) From a drawing by 
Professor Bailey. Gulf-stream shells, 
W. Indies. This species may be known 
by its distant granules. 

T. castellatum (West). — Sides of the 
frustule deeply concave ; angles forming 
segments of circles. Valves with con- 
cave sides and roimded angles, fonning 
dome-shaped eminences; surface punc- 
tate, with a single row of larger puuida 
along the opposed margins. W est, TMS. 
viii. p. 148, pi. 7. f. 3. B&rbadoes deposit, 
(vin. 29.) 

T. Johnsoni (Kalfs, n.s.). — Valves with 
rounded angles and concave sides, sur- 
face with scattered granides, and a largo 

f ranulated space at the angles, separlited 
y a transverse smooth band ; margin 
with a few short lines. ' Barbadoes de- 
posit. Johnson." Valves large, with 
conspicuous granules, which are few at 
the centre, and more numerous near the 
margin ; each side with a few short striae 
like those figured by Mr. Brightwell in 
T, tahellariufny but the margin itself is 
not undulated. 

T. umhUicatum (Rails, n.s.). — Valves 
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witli broadly rounded angles and deeply 
siniiated siUes, triangular smooth um- 
bilicus, radiant scjries of close gi’anules, 
and a large punctate space at each an- 
gle. Barbadoes deposit. Johnson. This 
large and bcautitul species is distin- 
guislied by the sinuated sides and tri- 
angular umbilicus of the valves. Gra- 
nules conspicuous and dense, appearing 
both radiant and concentric. The large 
angles are separated by indistinct trans- 
verse. lines, and appear smooth or granu- 
lated according as they are more or less 
in focus, and tlujy liave a central round 
spot (probably a pvo(;css^ and striated 
margin. This species dillers from 2\ 
caslelMum in a distinctly radiant ar- 
rangement of the gi-aiiulea and a smooth 
umbilicus. 

'r. moffastomuni (E.). — Sides straight; 
angles obtuse, with pseudo-nodules, and 
separated by transverse lines from the 
liexagonal centre. EM.pl. il5. In piano. 
Small, somewhat rescunbling 7’. Retimlmtij 
but dilleriiig in its psmido-nodules and 
liex agonal centre. 

4* Sides in lutend view tfihhoiis or 7/w- 

dulate {muflos icilhout ; 

eeUules mimde). 

T. inuUdatiim (E.). — Sides slightly 
convex, undiilat(?d ; granules minute, 
radiating. JirMJ. i. p. 250, pi. 4. f. 13; 
EliBA. 1840, p. 273. Fossil. Bermuda 
and Virginian deposits. 

'r. lirujhiweUu (West). — Sides of 
valvtjs undulate, slightly c.onvex, or 
straight; granules minute, radiating 
from the centre, from whit:h proceeds a 
spine of considerable length ; margin of 
valve closely set with shoii; spines. = 2'. 
nndnlatum, Br M.T. vi. m. 154^ pi. 8. 
f. 1-5, .8; West,TMS. viii. p. 149, pi. 7. 
f. 0. Var. /3 with 4 angli!S. In NoctilucaB. 
England. The discovery of this and the 
following species in a living state has 
explained the appearance of the central 
pseudo-nodule, wliich has proved to be 
the remains of a long horn or spine. 

T. intricatum (West). — Sides of valves 
undulate ; angle acute and slightly pro- 
duced ; centre tumid ; granules in lines, 
radiating from the centre, scarcely dis- 
cernible ; pseudo-nodule apparent. = T. 
striolatmnf, SBB. i. p. 27, pi. 5. f. 40; T. 
undulatunij Bri. 4 c . ; West, TJVIS. viii. 
p. 148, pi. 7. f. 6. This species in its 
living state forms short filaments united 
in a distant series. 

T. striolattim (E.). — Sides convex, 
slightly undulated; angles attenuated, 
ending in minute papillas. KB. t. 18. 


f. 10.= y. memhramtcvnm, Br^U. i. pi. 4. 
f. 16. Thames mud, Cuxhaven. Walls 
of the frustule extremely deli(‘aU*, dotted 
over with very minute cellules. 

T. Parmula (Br.). — Sides gibbous, 
with produced mammiforiu anghis ; sur- 
face minutely punctaled. Br MJ. iv. 
p. 276, pi. 17. f. 2. Natal. Var. j3 with 
4 angles. West, TMS. viii. p. 147, pi. 7. 
f. 1. Frusiules minute, in outline re- 
sembling a shield. 

T. Americana. — Sides coin ex, slightly 
undulated; angles roumh?d; cellules 
minute. = 2\ Amblyoceros P, Br M.I. i. 
p. 260, pi. 4. f.'14. Fossil, liichmond, 
Virginia. The rounded angles wdiliout 
appendages distinguish this species from 
the others in this section. 

T. maryaritacenni (llalfs, n. s.). — 
Valves with rounded angles, and straight 
or slightly convex sides ; .siirfiu:o with 
conspicuous pearly gianiilos, which are 
scatUired at a triradisiU? central space, 
and arranged in radiating lines at the 
margin. Barbadoes ih ‘posit. Johnson. 
The valve is bordered by a row of larger 
granules ; and only a naiTow inconspicu- 
ous tonuinal portion of the angles appears 
smooth. 

T. (fihhosmn (llarv.& Bail.). — 'OVlmost 
inflato-globose, the sides very conve^x, 
angles prominent ; surface marked as. in 
T, co7icavum.^' Small. lh*oe. of Acad, 
of Nat. Sci. Philadelphia, 1853. Tahiti. 

6* Fi'mtulcs not s^nnom^ sulcatcj veinedy 
nor undulate. 

t Cellules largo, hexagonal. 

T. Farus (E.). — Sides straight or 
slightly convex ; angles obtust;, with 
horn-like procicsses; surface reticulated 
with largo hexagoniil cellules, (xr. 43, 
44.) = T. nieyastonmmy Br M J. i. pl.4. f.7P; 
T. fimbriatuniy Wallich MJ. vi. p. 247, 
pi. 12. f. 4r-9. llecent and fossil, not 
uncommon. Biam. 1-200'' to 1-160". 
Front view with the central portion mi- 
nutely punctated, the lateral portions 
scarcely constricted beneatli tlio sJiort 
stout processes. Mr. Brightwell tiguri?s 
a qiiadrilatenil form of this species with 
concave sides. 

T. serralnm (Wallich). — Valves (qua- 
drilateral) furnished Avith a horn-like 
process at each angle, and from 4 to 0 
elongated scattered spines, witli furcate 
apices ; sides or plates of connecting zone 
joined by dovetailed margins. Wallich, 
m . vi. ]). 24.3. pi. 12. f. l-;i. St. Helena. 
(Connecting zom*. as well as valves marked 
with a delicate but well-defined hexa- 
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gonal arcolation. This species is re- 
markable chiefly for the peculiar struc- 
ture of its connecting zone, the plates 
having their communicating margins 
serrated so as to fit into each other. 

T. grande (Br.). — Sides convex ; 
angles attenuated, obtuse ; hexagonal 
cellules numerous. Diani. 1-100". Br 
M.T. i. p. 249, pi. 4. f. 8. T. orientate, 
Harv. & Bail. /. c. Indian Seas, Min- 
danao. “ llio largest and stoutest spe- 
cies of this genus (Br.). Th(3 desenp- 
tions do not suflice to distiiiguisli this 
species from large specimens of 2\ Favae. 

T. 7niiricatum (Br.). — Sides straight ; 
angles ending in a stout hom-like pro- 
cess ; cellules hirge, hexagonal. Br ALT. i. 
p. 249, pi. 4. f. 5. From the cleanings of 
shells. A minute species, distinguished 
by its pointed migles. Front view nearly 
square, with the ccutral portion smooth, 
and the lateral ones turgid between the 
prominent processes. 

T. ocellatum (F.). — Sides slightly con- 
cave ; angles attenuated, obtuse ; cellules 
unequal, large, hexagonal in the centre, 
gradually becoming smaller at the sides, 
m no distinct ord(;r. KSA. p. 141. 
Mouth of llivor Teiiasserim, India. 

2t Lateral surfaces with three pseudo- 
nindei, not situated at the angles. 

T. sciilptam (Sh.). — Sides straight; 
angles prolonged into conical points; 
graTiulcs scattered; surface with three 
circular pseudo-nuclei, one opposite the 
luiddle of each side. Sh ArP. ii. pi. 1. 
f. 4. Natal. In fonn this species some- 
what resembles T. acutum\ but its pseudo- 
nuclei arc eminently characteristic. 

3t Frustules triradiato, with very 
concave sides. 

T. Solenoceroa (E.). — ^Tiiradiate, with 

M concave sides; angles prolonged 
mg, linear, obtuse anns; cellules 
radiating. Br AI.1. i. p. 248, pi. 4. f. 1. 
BeiTnuda earth, (vi. 16.) This species 
diflers from every other by its long linear 
rays, wliicdi have neither pseudo-nodules 
nor proeesses. 

T. Pikm (E.). — Somewhat triradiato, 
with very concave sides ; angles tapering, 
obtuse, with pseudo-nodules; cellules 
minute, radiating. EM. pi. 19. f. 18. = T. 
brachiolatum, Br AIJ. i. pi. 4. f. 2. Fossil* 
Gre(3ce; recent. New Zealand. Mr. 
Brightwell refers his 21 hrachiolatum to 
the next species. 

T. Pilplm (E.). — Somewhat trira- 
diate, with very concave sides; angles 


produced, obtuse, with pseudo-nodules ; 
cellules small, scattered. EAI. pi. 36 a. 
21. f. 17. = 21 ohtuMim, Br MJ. iv. 
251, pi. 4. f. 20. Antarctic Ocean, 
esembles 21 Pile^ie in fonn, but is 
smaller, and its ctdlulcs are scattered. 

4t Frustules not triradiate; angles wdth 
pstmdo-nodules, or minutely pimc- 
tated. 

T. concxwum (Harv. & Bail.). — Sides 
very concave ; angles rounded, minutely 
piuictated ; celhdes of centre arranged 
in simple and forked radiating lines. 
II. h 1>., Trans, of Acad, of Fhiladelpliia, 
185^1. Tahiti. 

T. Wallickii (Balfs). — Valves witli 
minute radiate arcolation, a row of mar- 
ginal pimcta, and a minute honi-like 
process at each angle. = 21 jmnc/afmit, 
vVallich, TAIS. viii. p. 48, pi. 2. f. 21. 
India, Atlantic. 

T. arcticum (Bn.). — Valves with 
slightly convex or straight sides ; arco- 
lations small, but distinct, radiating in 
lines from tlie centre, and becoming mi- 
nute at the angles, which arti rounded 
and slightly inilated.= 21 Wilkesii, var. 

with 4 angles ; Amphitetrae Wilkesit, 
Bn AIJ. i. p. 260, pi. 4. f. 11; Bo TAIS. 
viii. .p, 68. Beechey Island, Arctic 
Regions; Piiget’s Sound, Vancouver’s 
Island ; and Alonteiy stone. The spt;ci- 
mens obtained from Vancouver’s Island 
have proved that Triccratium has been 
enoneously considered a free, fonn, and 
that its proper position is with Aniplii- 
tetras and Biddulphia; the specimens 
alluded to show it attached to Zoo- 
phytes, and the fnistules connected at 
the angles by a sliort stipes or cushion, 
exactly like Amphitotras. 

T. Montereyn (Br.). — Sides concave; 
angles rounded, with pseudo-nodules; 
cellules minute, largest in tlie centre, 
which is much inflated. Br AIJ. i. p. 261, 
pi. 4. f. 8. Fossil. Monterey Bay. Tliis 
species is easily distinguished from 2’. 
arctiaim hy its central boss and larger 
cellules. 

T. punetaium (Br.). — Sides straight ; 
cellules large, puncta-like, scattered, 
smaller at the rounded angles. Br MJ. 
iv. p. 276, pi. 17. f. 18. Arctic Regions. 
(VI. 20.) 

6t Angles without pseudo-nodules. 

T. formosum (Br.). ~ Sides slightly 
concave; angles obtuse, without pseudo- 
nodules ; cellules very minute, somewhat 
radiating. Br ALT. i. p. 260, pi. 4. f. 10. 
Shell cleanings.from7/*);73o;n« macalatae. 
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Mr. Brightwell finds this species varying, j 
with four and five angles. The front 
view is quadrate, not constricted, the 
angles produced into conical processes, 
between which the margin is nearly 
straight. 

T. condecortim (E.^. — Sides straight 
or slightly convex, with obtuse angles ; 
cellules very minute, diverging in curved 
series. Br MJ. i. p. 250, pi. 4. f. 12. 
Fossil. Bermuda. 

T. ohtmiim (E.). — Sides very convex; 
angl<?s rounded, without psioudo-nodules ; 
cellules circular, scattered. EM. pi. 18. 
f. 48, 49. Virginia. 

T. Amhlyweroa (E.). — Sides concave ; 
angles broadly rounded, without psciido- 
no(liiles ; cellules minute, somewhat ^ 
radiating. EM. pi. 18. f 61. Virginia. | 
Tliis species has more rounded angles 
and smaller ccllulos than 2\ obi mum. 

T. licticuhim (E.)* — Sides straight; 
angles subacute, Avithoiit pscjudo-nodules ; 
cellules minute, numerous. I^IM. pi. 18. 
f. 50. Fossil, xVmerica; recent from 
shell-clejxnings. Front view with a nar- 
row, smooth central zone; lat(?ral sur- 
faces not (!onstricted beneath the slightly 
prominent angles. 

T.acutum (lO.)* — ^^idcs nearly straight; 
angles (dongated into points ; ccdlules not 
radiating. Br MJ. i. p. 251, jd. 4, f. 10. 
Bermuda. T. acutum is somewhat tii- 
radiate from its acuminated angles. 

Doubtful or infiiifficwntiy knoicn l^ccies. 

T. scilulmn (Br.). — small species, 
but varying in size. On some of tho 
frustules I have reckoned, on an end 
view, about 46 cells only: sides very 
slightly convex; angles op'n. Diam. 
1-050".” • BrMJ. i. p. 250, pi. 4. f. 9. 
Indian Ocean. Varies with tour sides. 
Except in its smaller size, w^e see not how 
this species differa from T. Fmms. 

T. Africanum (E.). — Sides convex ; 
angles roimded; cellules large, in radi- 
ating series. EM. pi. 36 n. 19. f. 1. 
llecent. West Africa. In form resem- 
bles 2\ obiustim. 

T. Bomptmn (E.). — Sides straight, and 
having a marginal fringe; angles pro- 


longed into short, stout spines ; cellules 
large, hexagonal. Ko MJ. ii. p. 283, f. 2. 
England. “The cellular markings ai’o 
as largo as in T. Favus, and I am rather 
doubtml whether it may not bo a young 
form of that species ; but the lengtii of 
the processes, and fringe-like row of cells 
at the margin, appear to give it a di- 
stinctive character^’ (Bop(*r). 

T. crassum (Sh.). — “ Much smaller 
than 2\ contortum. Is characterized by 
the reticulations being coarse and iiTe- 
gular in fonn, and the horns very largo 
as conipaTed ^vith the size of the valve.” 
Sh. in TMS. ii. p. 15. Natal. 

hy all mini (Br.). — “ Small, trans- 
parent, surface with very minute dots or 
cellules ; sides ngular and straight.” 
BrMJ. iv. p. 275, pi. 17. f. 10. Barbadoes. 
= T. Fetimluni. 

T. arcuaturn. — Sh TMS. ii. pi. 1. f. 5. 
Natal. Tho figure resembles that of 2\ 
Fileusy but without pseudo-nodules. It 
is probiibly, however, llus same, 

T. exiyuum (Sm.). — 4’riradiate : angles 
elongated into linear truncat(?d pro- 
cesses; cellules very minuti^, scattered. 
SD. ii. p. 87; Br MJ. iv. p. 271, pi. 17. 
f. 1. Fresh water. Ormsbv, Noifolk. 
(vi. 14.) 

T. Pentaermm (^W'allicdi). — Valves 
slightly convex, with 5 angles, with 
a short bom at each angle. Surface 
spinous, divided into compartments by 
anastomosing lines or costuj, which radi-' 
ate irregularly from tho ccuitre. Var. /3 
with 4 angles, y with 0 anghjs. Wnllich, 
MJ. vi. p. 251, pi. 12. f. 10-14. St. 
Helena. \Ve scarcely see how this form 
diihu’s from Anmhitetras ornata of 
Shadbolt. 

T. duhium (Er.). — Valve minute, 
clypeate, with C angles, the lower one 
much produced; surface of valve coarstdy 
punctate. Br MJ. vii. p. 180, pi. 9. 
I. 12. Mauritius, Californian gunno, 
India. “ We place this form (which is 
not of unfrequent occurrence) provi- 
sionally among the Triceratia. It pro- 
bably forms the t\'pe of a new genus ” 
(Br. /. f.)- 

T. MaUeiiSy Br MJ. vi. p. 104, pLS. 
f. 6. Not Hiatoniaceous ? 


Genus AMPIIITETRAS (Ehr.). — Frustules cellulose, cubiform, cohering 
into a zigzag attached filament ; in lateral view (juadrangular, with a pseudo- 
opening at each angle. Since Mr. BrightwelTs discovery of’ tpiadrangular 
states of Triceratium, the only remaining distinction between that genus and 
the present is, that in this the frustules form catenate attached filaments ; 
but, according to Professor Bailey (as already noticed), even this character is 
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not confined to Ampliitotras. ■ Professor Smith, indeed, remarks, “ The pro- 
jection of the connecting membrane beyond the suture of the valve is a cir- 
cumstance which meets us for the first time in Amphitetras ; ” but wo believe 
that this occurs in every genus in which the now portions of the dividing 
finstulos are formed within the persistent central portion, and in tliis resi)oct 
there is no perceptible difference between Triceratium and Amphitetras. As 
some species have been placed in Amphitetras solely on account of their 
quadrate form, the correctness of their position is consequently not free from 
doubt. 


Amphitetras aniediluviana (E.). — 
Lateral view with straight or concave 
margins ; angles rounded, each with an 
apparent opening ; ceUulea large, radiat- 
ing, and concentric. Living, Denmark, 
England, America, &c. j fossil, Oran, 
Greece. ^xi. 21, 22.) A, tessellata, 
Sh TMS. li. i3, sides very concave; 
the cellules on the central portion are 
smaller, and arranged in longitudinal 
lines. 

A. Adriatica (K.). — “Ijateral view 
quadrate; cellules radiating and con- 
centric; primary sides plane.” KSA. 
p. 134. Adriatic 8ea. 

A. paralhla (10.). — Cellules in lateral 
view larg(i, arranged in parallel lines. 
Fossil. Greece*. 

A. crueifera (Kitlon, n. sp.). — Valves 
punedate, and marked by a line passing 
from tlui centre to each angh?. Front 
view deeply constricted on either side of 
connecting zone. Valves minute, with 
slightly convex sides, and produced 
mamniifoim angles. Cleanings of shells 
from West Indies. Distinguished bv 
the cruciform lines of the valve, which 
taper from tho centre to the. angles. 


where they termiiiate in points. Wo 
have seen 4 or 5 frustules coimected by 
the angles. 

Douhtfid or imperfectly known Species. 

A. ornata — “Size small, mar- 
gins concave, and folded so that each 
valve is not unlike in form to a col- 
legian’s cap ; surface somewhat irregu- 
larly omamenti‘d with delicate vein-lik(i 
mai’kings.” Tj\J8. ii. p. 10, pi. 1. f. 10. 
Natal. Var. jfcJ, with 6 angles, (viii. 10.) 
This is probably a stale of some veined 
species of 'J’riceratium. 

X. fiwosa (llarv. & Hail.). — “Sides 
scarcely coiieavii ; lateral view qunxlran- 
gular; angles almost straight, scarcely 

E reduced; surface tesstdlalcd with large 
exagonal cellules,” Proc. of Acad, of 
Philadelphia, 1853. Mindanao. 

A. Crux (Bri.). — Valves cruciform, 
with the angles widely rounded ; surfacxi 
coarsely p un ctate. (3ean ings from s h el 1 s, 
West Indies; Californian guano. Bri 
JMS. vii. p. 181, pi. 0. f. 13. This may 
be a 4-anf^(*d yar. of Tnceralium ciistcl- 
hitum or 2\ tristdeum. 


Genus AMPHIPENTAS (Ehr.). — Frustules frcF, simple, cellulose or gra- 
nulate, pentagonal. Probably pentagonal forms of Triceratium. 


Ampiiipkntas idternam (E.). — Sides 
concave ; angles obtuse ; the angles of 
the extenial pentagon fdte^ating with 
those of a smaller central one, which' has 
a circular umbo at its middle. KA. 
p. 134; ICA. p. 122, pi. 2. 6. f. 9. Cuba. 
(XI. 32.) 

A- Pentacrinus (E.). — ^Pentagonal ; its 
dorsal surface presenting a striated ring. 
Diam. 1-240". KA. p. 134. Fossil. 
Greece. Fragments like Amphitetras. 


A. flexnosa (B. MS.). — Sides four or 
five, gibbous; angles conical; surface 
flat ; cellules hexagonal, covered by 
minute puncta. Gulf-stream, (vi. 22.) 
From drawings by Professor Bailey. 
“Under a low power, the markings 
appear circular, as represent(*d in the 
figures” (B.). The margins are iiii^plated 
in consequence of their gibbous projec- 
tions, as in Triceratium Par rntilUf and may 
be 4- and 5-angled foims of that species,. 


FAMILY XII.— TEIIPSINOE-^. 

Frustules quadranguhir, smooth, compressed, furnished with unequal trans- 
verse costro or incomplete septa interrupted at the middle. We have sepa- 
rated this small group from Btriatellem because, notwithstanding the great 
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external resemblance of their solitary frustules, we believe them to differ 
essentially in structure. In Striatelleae the septa are longitudinal, and divide 
the central portion into chambers. In Terpsinoeae they ai*e transverse and 
confined to the lateral portions, which aj^pear in the front view as in Biddul- 
phieae. The relation of Terpsinoeas to the latter was pointed out by Mene- 
ghini. The smooth frustules and straight lateral margins without processes 
distinguish the Tei*psinoea). 


Genus ANAULUS (Ehr.). — ^Frustules simple, subquadrate, smooth ; septa 
lateral, unequal, not thickened at their extremities ; lateral view oblong. 
Anaulus resembles Biddulpliia, but its costae or septa are uncciual, and it has 
no tubular processes. A genus of Mollusks htis been also, but more recently, 
called Anaulus. 


Anaulus scalans (E.). — Turgid in 
the young state ; but when full-grown i 
very wide and mucli flattened, having 
4, 6, 8, or 14 lateral constrictions ; late- 
rally oblong with transverse bars, giving 
it aladder-like appearance. EM. pi. 36 a. 
22. f. 1, 2. Antarctic Sea. Diani. 1-480" 
to 1-180". 'I'he lateral valves, in the 
front view, have undidated margins, 


caused by the constrictions. (viiT. 37.) 

A. Campylodisem (E.). — Quadrangu- 
lar; each valve very much compressed, 
triangular, with obtuse angles, and hav- 
ing laterally two slight constrictions. 
Bcimuda. Diam. 1-372". It has the, 
habit of an unequal-sidi;d Triceratium or 
of a Cainpylodiscus. 


Genus TE11P8INOE (Ehr.). — Frustules concatenate; costae unequal, capi- 
tate, curved so as to resemble musical notes. “ If we imagine a scries of 
fnistules of 'rabollarift joined together, iiot laterally, but the liead of one to 
that of another, or in the direction of breadth instead of length, wo shall 
form the most just idea of this genus’’ (Ehr.). The capitate costm, which 
in their form so greatly resemble musical notes, distinguish Ter 2 )sinoe from 
every other genus. 

\Ve unite Tctragramma with Tcr])8inoc, as Professor Bailey finds tlic 
“ music-like notes” vary in number from two to at least eight on a side, 
and does not consider their number even specifically important. 


Teupstnoe mitfiica (E.). — Frustules 
finely punctated, with two or three trans- 
verse bands, the lateral valVcs having 
costiB in each divi.sion ; latdlnl view ob- 
long, showing two or three inflations and 
narrower rounded ends. EA. pi. 3. 4. f. 1 ; 
Kab 11. 1. 10. America, Africa, (xi. 47.) 
Frustules with finely punctated lateral 
portions, betweerfwhich the central zone 
(having two pimcta at each end) appears 
like a band. Two or three bars cross 
lateral and central portions from one 
lateral margin to the other, and divide 
themP obscurely into compartments. The 
lateral view has the margins sinuated, 
from constrictions corresponding with 
•the transverse bands. 

T. Americami (Bailey). — Frustules 
quadrangular, resembling those of T. 
rnusicaj but smaller, more minutely punc- 
tate, with two transverse bars and two 
costsa in each lateral valve. = Tetra- 
yramma Americana, Bail. Smiilisoniau 
Coutr. 1853, p. 7. f. 1. As in T, mmica, , 


the costje resemble notes of music, but 
are confined to the central compai’tiucnts 
of the valves. In the lateral view it 
resembles the preceding species, but has 
fewer cro’ss-bars. 

T. Indka (E., Kiitz.). ■ — Frustules 
subquadrato (catenated r), compressed, 
two or four times constricted; lateral 
valves densely granulate, central portion 
smooth, with two piincta at enen end ; 
median costae, dilahid at the end. KiSA. 
p. 119. = Anaulus Indicus, E. India, 
frequent. 

T. Javanmsis (EM. pi. 34. 8. f. 16)# — 
The figure resembles T. mmica ; but the 
central portion is marked by longitudi- 
nal lines, which converge at each end. 

Species known to m only hy name, 

’ T. Asiatica, Asia. = Tetrayramma Ast- 
utica, Ej* 

T. Japonica (E.), Japan. 

T. Australis ( 10.), Sandwicfi Islands. 
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T. Lihyca = Tctragramma Lihycunxy 
Afnca. 

T. BrasiUcmis (E.). — Music-like marks 


very small. According to Ehrenborg, it 
approaches T, mmka in fonu. Brazil. 


Genus PLEUUODESMIUM (Xiitz.). — Frustulcs compressed, connected 
in fascia-like filaments by short thread-liko processes ; lateral portions 
punctated and furnished with music-Uke marks, the hyaline central smoother 
portion forming a band between them. 

Although Plciirodcsmium was placed by Professor Kiitzing in a differont 
family from Terpsinoc, yet these genera appeared to us so closely allied that 
wo found it difficult to distinguish them, — a difficulty experienced also by 
lifr. TufTen West on examining an authentic specimen of Pleurodesmium 
given us by our valued friend M. dc Brebisson, which, however, was unfor- 
tunately not in a condition to afford a satisffictoiy examination. 

The frustules, as in Terpsinoe, agree with the Biddulphieac in having the 
lateral valves largely developed and entering into the front view ; they arc 
furnished \\dth costa), enlarged at tlic ends and resembling notes of music. 
M. do Brdbisson thinks this genus very distinct, tlio frustules being connected 
in straight series by thread-like points of atlachment proceeding from the 
furrows ; but these he informs us arc veiy- short inde(;d, for which reason 
Kiitzing, like ourselves, seems to have overlooked them. 

Pi.EunopKSMiUM lirehissonii (Kiitz.). (vt. 2o.) Lateral view oval, having 
— Frustules contracted at their junction ; transverse bius and undulated sides. 
<!Osta) rugose. KSA. p. 115. Cayenne. • 


Genus EU^N'OTOGllAMMA (Weisso). — Front view as in Anaidus ; lateral 
view lunate, with undulated dorsal and ventral margins. Dr. Weisse observes 
that in the front view Eunotogramma resembles Gomphogramma, and in the 
lateral one Eunotia (Epithemia ?). In both instances, however, the resem- 
blfincc is ovddently very superficial, and docs not recpiiro the distinctions to 
bo pointed out. The genus doubtless belongs to the Terpsinoeu), and seems 
to differ from Anaulus only in the lunate form of the side view. 


Eunotogramma tri~ quinmie~ sentem- 
et fwremlocHlata (WeiHSc). — Lateral view 
divided by two, four, six, or eight trans- 
verse septa into three, five, seven, or 
nine loculi. Weisse, Bulletin do I’Acad. 
de St. P^torsbourg, xiii. p. 278, t. 3. f. 37. 
Fossil. Kussia. Front view with a nar- 


row connecting zone, and laterjil, equal, 
stout, piima-like septa. Lateral view 
semilanceohile, constricted at each S(;p- 
tiim, and therefore having as many 
uiidulatioiks,. iis loculi; emla rounded, 
(viii. 30.) 


FAMILY XIII.— CHyETOCEIlEiE. 

Fr\istulcs smooth or faintly punctated, simple or united into awned fila- 
ments ; lateral valves, in the nonfilaraentous forms, usually unequal, inflated, 
lobed, and often furnished with bristles or other appendages ; lateral view 
oval or circular. Marine, mostly fossil. Until Mr. Brightwell pointed out 
th6ir true affinity, the genera included in this group were distributed amongst 
three families. Between Syndendrium and the Anguliferea) wo can perceive 
no resemblance ; but the connexion of Chietoccros with the Biddulphiem, and. 
the other genera with the Melosirca), is far more plausible. In Stci^hano- 
pyxis, a true member of the latter family, the valves are crowned with 
bristles or spines, as in some Chmtocerea). In Melosirem, however, all the 
members ought to be cylindrical, whereas in this family the shape, in the 
lateral view’, is much' oftener oval than circular. Although it is not difficult 
to point out differences betw'ocn’ the Chuctocereic and other groups, yet, on 
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account of the variety in their forma, we confess our inability, in the present 
state of our knowledge, to give a concise definition which shall include its 
own members and exclude all others. Wo shall therefore content ourselves 
with pointing out those characters which will enable us to recognize with 
tolerable certainty those Diatoms which belong to it. The filamentous species 
differ by their awns so much from every other genus that they cannot be 
mistaken. Mr. llrightwell, in his excellent paper on Choetoccros, regards 
this as the typal state: he says, careful examination of most of the 
species of Chajtoceros and other allied genera, described by Ehrenberg as 
fiuind in a fossil state, have satisfied us that most, if not all these, will, when 
found in a living state, turn out to belong to the singular filamentous and 
horned group which may for the present bo comprehended in the genus 
Chaitoceros.’’ Those forms also which have dissimilar-sliaj)ed valves, espe- 
cially when lobed or hirsute, may bo safely placed here ; and it is very pro- 
bable that some species with unequal valves, still retained in Melosirem, 
might*likewiso bo included with propriety. 

The genera themselves are by no means firmly established ; for, as !Mr. 
Brightwell observes, ‘‘ most of the described species have been found only in 
a fossil, or ratlicr, if we may so term it, a deposit state ; and in this state it 
is clearly difficult to form a correct idea of either species or genera, since 
deposits give no information as to the Diatoms being in threads or solitary 
fnistulos.” We shall not attemjit to reconstruct the genera, for to do so 
prematiu'cly would only increase the difficulty and cause confusion; for 
“ nuich must yet be brought to light before a satisfactory classification of this 
group can be effected (bright well). Although only a few species have as 
yet been gathered in a living state, yet, as most of them are found in guano, 
it is probable that nearly idl still exist ; and when their habits are better 
known, we may fairly expect to obtain them. They seem to inhabit deep 
water, as Mr. Norman has met with them, more than once, in the stomachs 
of Ascidiu3 from such situations. 


(Icnus CIIAETOCEllbS (Ehr.). — Emstulcs without striae, united with thp 
adjacent ones by tho interlacing on each side of awns proceeding from the 
Irustulo or from a cingulum between the frustulcs, and so forming a filament. 
Tho filaments are impeifcctly silicious and very fragile. Tho awns are tubular, 
sometinujs spinous or serrated, and often of great .length, though, according 
to Kiitziiig, short in an early state. Kutzing defines the genus as follows : — 
Emstulcs concatenated, equally bivalved, turgid, with two apertures on 
each side, which at the earliest i)eriod arc very shortly tubular and the cor- 
puscles contiguous, afterwards longly awned and tho corpuscles distant.” 
if tho awns be •overlooked or broken off, the frustules may be mistaken for 
species of Melosira. No person who wishes to study this beautiful but diffi- 
cult gcniis should fail to obtain Mr. BiightwclEs valuable j^aper on it in the 
Journal of Microscopic Science. 


* Ft^istuleSy in lateral vietCf constricted at 
the middle, 

, CiiiisTOCEnos Diploneis (E.). — Frus- 
tult's ill lateral view pandurifonu, in 
'’•’ont view linear ; awns smooth. KSA. 

138 ; EM. pi. 33. 18. f. 1 ; Bad. in Amer. 
lourn. of Science, xlviii. pi. 4. f. 19 (la- 
teral view). = C. Bacillariaf Bai. I, c. f. 18 
(front view). Bermuda deposit. Choi- 
toreros Diploneis and C. Bacilhma are 
merely different positions of the same 


I species ” (Bai. in Kt.y In the front view 
1 the friistidcs are linear, three or four 
times as long as broad, with stout awns 
arising from the angles. Lateral view 
pandurifonn, with rounded ends. 

2 * Frusttdes laterally oral or circular ; 
awns spinous, 

(y. horealei^aW .). — Frustulcs (j[uadrate ; 
awns very long, spinous, arising from 
the inner surface, not from the angles. 
BC. 1854, pi. 7. f. 22, 23 *, Bri JMS. iv. 
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p. 107, pi. 7. f. 12-16 : Wallich, TMS. Yiii. 
p. 48, pi. 2. f. 18 ; West, TMS. viii. p. 162, 
pi. 7. 1 . 13. St. Georg^e’s Bank, Atlantic 
Ocean, (vi. 26.) “ This species was 

found in considerable numbers in the 
contents of the stomach of the Botryo- 
dactyla gramlis.'*' Awns 30 to 60 times 
lonf^er than the body. 

C. Peruvianum (ftri.). — Valves hemi- 
spherical, with two yery stout, lonj», 
recurv'ed, spinous awns proceedinf^ from 
the centre of the rounded ends. Br J MS. 
iv. p. 107, f. 16-18. In Peruvian guano. 
A remarlwble and very distinct species, 
characterized by the rounded apex of 
the valve. Lateral view circular? 

3 * Fmstuhs laterally oval or circular ; 
awns smooth. 

C. Tetrachccta (E.). — Frustules with 
four, very long, filiform, smooth awns on 
f'iich side. KSA. p. 138. Antarctic Sea. 
Diam. without the awns, 1-1162". 

C. Dich/cta (E.). — Frustules with two, 
very long, filiform, smooth, often flexu- 
ose awns on each side. KSA. p. 138. 
Antarctic Sen. Diam. without the awns, 
1-1162" to 1-720". The description is 
too imperfetjt to enable us to distin- 
guish the species from some of the fol- 
lowing ones. 

0. confervoides (n. sp.). — Frustules 
larg(i, quadrate ; awns stout, smooth, 
arising a little beneath the rounded 
angles; lateral view circular. INlount’s 
Bay (stomach of Ascidiaj), Cornwall. 
W(5 have seen only one concatenated 
8pe(*imen; it formt;d a short, very fra- 
gile, conferva-like filament of about 12 
joints, which were equal in length and 
breadth and in close apposition. Intenial 
colouring matter brownish, and collapsed 
into a roundish spot in the centre of 
each frustule. 

C. Wiyhamii (Bri.). — “Frustules cup- 
shaped, with a band round the mouth of 
the cup, and a neck or bulb proceeding 
from the centre ; beset with minute short 
spines or papillm in all parts except the 
band; lateral view oval; awns elon- 
gated, smooth.” Br MJ. iv. p. 108, pi. 7. 
f. 19-30. In brackish water, near Bre^- 
don. Great Yarmouth. “ Boiled in acid, 
the filaments break up, and the frustules 
in an isolated state, and detached rings 
with the horns proceeding from them, 
are all that can be detectea. The rings 
may readily be distinguished from the 
frustules seen endwit^e, as they are open 
and without dots, while the frustules 
seen endwise are dotted” (Bi-i.). Wei 


! have seen no perfect specimen of this 
interesting species ; but as Mr. Bright- 
weirs fig. 12 shows two joints similar 
to other species of this genus, we are 
j inclined to regard the Goniothecia-like 
I bodies as internal cells, of the same 
I nature as the internal colls of Himan- 
tidium, Meridion, &c., which we believe 
to be sporangia ; but whatever their 
true character may be, we have scarcely 
a doubt that Mr. Brightwtdl is right in 
supposing Goniothecium crenatum, G. his- 
piaumy G. Naviculay and G. harhatum to 
bo allied foims belonging to the same 
genus as this species, (vi. 24.) 

C. incurvum (Bail.). — Frustules in 
front view linear, with smooth, filiform, 
rticurved awns arising from the angles ; 
lateral view oval. Bii. 1. c. pi. 7. f. 9-11. 
Fossil. Virginia, Peiiivian guano. In 
stomach of Ascidioe, Penzance. Easily 
known by its small size and slender 
recurved awms. 

C. furcillatum (Bail.). — Awns of ad- 
joining frustules closely approximate 
below, then diverging and necoming 
nearly parallel ; lateral view oval. Bai. 
on Microsc. Forms in the Sea of Kamt- 
schatka, p. 3, pi. 1. f. 4. Common in the 
Sea of Kamtschatka. The minutest spe- 
cies in the genus. 

0. didyfnus (Fj .). — Frustules longer 
than broad, gibbous or angular on the 
outer margin, and usually slightly so on 
the inner margin also; awns smooth, 
filiform, ainsing from the angles. Bri. 
Lc. pi. 7. f.3-7 ; KSA. p. 138; EM. t.35A. 
18. f. 4. Common, in Pomvian guano. 
Stomach of Aseidifo, Penzance. A va- 
riable species, distinguished by its angu- 
lar or gibbous margins; lateral view 
ovjil. Ehrfenberg’s two figures in the 
‘Microgcologio’ differ from eafch other, 
as well as from any specimens we have 
seen. Greatest diameter 1-1080". 

C. Gastridimn (E., Bri.). — Frustules 
binate, smooth, transversely oblong, 
tmneated at each end, abruptly dilated 
at the middle of the ventral surface, not 
contiguous, Bri. /. c. pi. 7. f. 8. = Gonio- 
thecium Gastridimn, EM. pi. 18. f. 91. 
Virginian gupo. Ehrenberg desbribes 
and ’figures it with an external umbo 
(gibbous), thus approaching to C. didy~ 
mm. 

C. armdhim (West). — Frustules qua- 
di’angidar, forming a compressed fila- 
ment ; angles excavated ; from each angle 
arises a long, obtuse, curved seta, with 
several acute ones at the base. West, 
TMS. yiii. p. 161, pi. 7. f. 12. Abundant 
on various parts of the coast of England. 
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This specios, in its livings state, is in- stance which has called many doubts 
vested with a mucous covering, and is as to its diatomaccous nature, 
scarcely, if at all, silicious, — a circum- 

Geniis ATTHEYA (West). — Frustulcs compressed, annulate ; annuli inde- 
finite ; valve elliptical-lanceolate, with a median line ; angles spinous. The 
tnio position of this genus is doubtful ; but, from examination, it appears to 
approach nearer to Chaetoceros than to any other genus excepting Striatella, 
from which, however, it is easily distinguished by the spinous angles and ab- 
sence of stipes. 

Attiikya decora (West). — Annuli 12 TMS. viii. p. 152, pi. 7. f. 15. Oresswell 
to 28 ; septa alternate ; valve with me- Sands, Druridge Bay. (viir. 35.) 
dian line and central nodule. West, 

Genus BACTEEIASTKUM (Shadbolt). — Friistules awned, united into a 
jointed, conforva-like, cylindrical filament; valves discoidal, with marginal 
radiating awns. Bactcriastnim agrees with Chaetocoros in its filamentous 
character jind in the i)rcsence of awns, but differs from it in having the awns 
of its discoidal valves marginal and radiant. Marine. Stomachs of marine 
animals, &c. 

Bacteuiastuum fureatiim (Sh.). — B. IVallichii (Ralfs). — ^\^alve8 more or 
Awns smooth, much elongated, forked, less cup-shaped, with 4 to 12 smooth, 
= Acthnseits sexfurmtus, ERBA. 1854, simple, divergent awns. = Chfctoceros 
p. 237 ; EM. pi. 35 n. 4. f. 15 ; A, bisepte- Bacteriaatrunif Wallich, TMS. viii. p. 48, 
variusj E. ; A. hisoctonarius, E. Atlantic, pi. 2. f. 1C, 17. Atlantic. hVom Salpas. 
I’he awns vary in number and in the Size extremely variable, (vi. 27.) 
length of the forked portions, (vi. 26.) B. twdu/osum (Sh.). — Awns simple, 

B. enrvatum (Sh.). — Awns simple, straight, rough. — Awns covercjd with 
elongated, smooth, symmetrically curved small protuberances, lik(5 a knobbed 
in one direction. stick. 

Genus BICLADTA (Ehr.). — Frustulcs simple, one-cell ed, bivalved ; valves 
unequal, turgid, one mostly simple and unarmed, the other two-hornod ; 
liorns sometimes branclujd. 

IIku^adta Capreolns (E.). — One valve connivent above, bulbosc and slightly 
with two styles arising from conical silicate in the midille part; the other 
bases, and us uallv branched at the end. valve unknown. EM. pi. 35 a. 21. f. 10; 
EM. pi. 35 A. 17. f. 8 ; Bri .?MS. iv. pi. 7. KSA. n. 24. Antarctic Sea. 
f. 53-00. Virginia. Common in guano. 1). elathrata (13.). — Frustiile with a 
The frustiilo consists of a narrow-linear rounded, smooth, latti(;ed body, and two 
central portion, projecting at each end, unequal frontal horns. EM. pi. 18. f. 100; 
and two turgid lateral valves, which KSA. p. 25. Fossil. Virginia, 
vary greatly in* form. Usually the in- D. Capra (E.). — Smooth; one valve 
ferior one is smaller, simple, and unarmed, with two simple spine.s, the other iini- 
but is often bilobed. The larger valve is dentate or impericctly sub-bidentate in 
bilobed ; the lobes mammifonn or conical, the middle ; central portion narrow- 
each terminating in a style divided at its linear. EM. pi. 18. f. 99. = Periptera 
ape^ ; occasionally, however, specimens Capra, KSA. p. 20. Fossil. Virginia, 
have the upper valve unarmed or simple. 1). Cercus (E.). — Smooth, large ; 

D. antennata (E.). — ^One valve, with frontal horns long, branched. 
two simple, setaceous, parallel, acute KSA. p. 2r). Fossil. Maryland, 

spines, articulated at the base, like an- 1). Mitra (Bai.). — Valve having two 
tonme ; the other valve unknown. EM. conical homa coalescing below into a 
pi. 36 a. 21. f. 9 ; KSA. p. 24. Antarctic conical base, and bearing branched pro- 
Sea. This and the next species were ceases above. B. in Silliman's Amer. 
constituted from single fragments. Joum. July 1856, pi. 1. f. 6. Sea of 

I), hulbosa (h].).— A)ne valve with two Kamtschatka*. Perhaps a state of I>. 
spines, which are divergent at the base, Capt'eolm, 
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Genus GONIOTHECIUM (E.). — ^Frustulcs simple^ having a central con- 
striction or furrow ; each end abruptly attenuate and truncate, so as to asfeumo 
an angular figure. Fossil. Like other genera in this family, this is an un- 
satisfactory genus. The frustules are described as cylindrical ; but we believe 
that most, if not all of them, ore oval when viewed laterally. Mr. Brightwell 
makes the following remarks on eight of Ehrenberg’s species : — “ The two 
largest and most common arc G. Rogersii and G, Odontella ; and wo think it 
probable these will turn out, if discovered in a recent or living state, to be 
Chaetoccri. Of the remaining six species, we are led to conclude, from the 
discovery of the Breydon species, that two of them belong to the genus 
Cliactoceros, and are, when living, filameatous. They are G, Gastrklium, of 
which we have found many’ specimens with the horns perfect, and 6r. creruitimu 
A figure of a frustulo of this species is given in the * MicTOgcologie’ of Ehrcn- 
berg, and it can scarcely be distinguished from the fnistules of the Breydon 
species. G, hispidum and G, dldymum scarcely appear to differ from some of 
the smaller frustules of the Breydon species. G. Naviciiki and G, barhatum 
are clearly allied to G, cremttum, or our Breydon species.” The species differ 
in form, and sometimes do not correspond with the generic character. G. 
Gasfrldhim (E.) is proved by Mr. BrightwclPs discovery of its awns to be a 
species of Choctoccros. 

Goniotiiecium Odontella (E.). — projection (connecting process), and 
Valves binate, smooth, conjoint^d by a agrees but badly with the specific cha- 
central process, and by their connivent racter. 

apices, so os to form on each side a G. hispidum (E.). — Frustules semi- 
large oblong aperture, constneted at its lunate, hispid, with an umbo at tho 
middle ; margin undulate. EM. pi. 33. 15. centre of inner margin. EM. pi. 18. 
f. 16 j KSA. p. 23; Bri JMS. v. pi. 7. f. 107; KSA. p. 23. Virginia, 
f. 47, 48. Virginia, lliam. 1-480" to O. Navicula (E.). — Frustules small, 
1-276". Distinguished by its large size smooth, with a linear produced central 
and undulated margin, the central un- portion and a turgid or inflated valve on 
dulation forming an umbo ; lateral view each side. EM. pi. 18. f. 105 ; KSA. p. 24. 
oval. (vr. 29.) Virginia. In this species the central 

i\. Rogersii (E.). — Valves binate, portionproiectsbeyond the lateral valves, 
smooth, conjoined by a broad central instead of Doing constricted, 
process, often with connivent apices, G. didymum (E.). — Binate, smooth, 
torming suborbiciilar apertures ; margin transversely oblong, t)btuse ; one side 
undulate. EM. pi. 18. f. 92, 93 ; KSA. emarginate at the centre, the other with 
p. 23. Virginia. Diam. 1-588". Smaller two tuberclesi EM. pi. 18. f. lOi ; KSA. 
than 6r. “ valves dorsally sub- p. 23. Virginia. Diam, 1-1200". Ehr- 

quadrate, angular, with three whorls, enberg’s figure shows two unequal vfilves 
laterally elliptic-oblong, with two or without any interstitial portion, each 
three median circles;” central undulation valve with two rounded lobes. It re- 
unibonate. Mr. Brightwell’s figures are sembles a hoinless state of Dicladia, 
morcj irregular, and do not correspond so except that it wants the central portion, 
accurately Avitli tho definition. G. harhatuniy EM. pi. 18. f. 106. Vir- 

G. obtusum (E.). — Valves smooth, in- mnia. Ehrenberg’s figure has anarrow- 
flatcd, with throe rounded lobes ; central linear, longly produced central portion 
or constricted portion fonning a narrow and two micqual turgid valves-i-the 
band. EM. pi. 18. f. 95 ; KSA. p. 23. smaller smooth, the larger conic with a 
Virginia. Diam. 1-606". tuft of hairs at its apex. 

G. monodon (E.). — Valves binate, G. crenatum, EM. pi. 39. 3. f. 74. Ehr- 
smootli, not contiguous, each linear- enberg’s figure is sennilunate, with a 
oblong, truncate at each end ; outpr side neck-like truncated cone on its inner 
uniformly straight, tho inner with a side. This species, except in being 
median tuberosity. EM. pi. 18. f. 97 f smooth, exactly resembles Mr. Bright- 
KSA. p. 23. Virginia, California. Ehr- well’s figures of the internal frustules of 
enberg’s figures represent a canoe-shaped Chcetoceros Wighamiiy and doubtless be- 
yalve, the outer margin convex, tho longs either to that or to an allied species 
inner with incurved ends and a central of Choetoceros. (xv. 10.) 
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Genus OMPHALOTHECA (Ehr.).— Characters unknown to us. Judging 
from Ehrcnberg’s figure of the only species, it seems scarcely distinct from 
Goniothecium. 


Omphalotiieca hispiday EM. pi. 35 a. 
9. f. 4*. Ganges. The figure apparently 
represents a frustule in the process of 
division. The valves are unequal; the 


smaller one smooth, the larger some- 
what conical and furnished with scat- 
tered spiiii^s ; connecting-zone slightly 
produced beyond the valves, (viii. 44. ) 


Genus PEllTPTERA (Ehr.). — Frustiilcs simple, com])rcsscd, unequally 
bivalved ; valves simple, continuous, not cellulose ; one valve naked, tni’gid, 
the other winged or homed ; horns affixed to the extreme margin, sometimes 
branched. Approaches very near to Syndendrium and Dicladia. We think 
these three genera might be united with advantage. 


Pertptkha tetracladia (E.). — Smooth, 
almost navicular; one valve with four 
equidistant spines, branched at the apex, 
the other simple. EM. pi. 33. 18. f. 9. 
Fossil, llermuda deposit. Uiam. 1-1440", 
including spines 1-804". Without the 
spines, it resembles an Amphora, (vi. 30.) 


P. (dilamidophora (E.). — Smooth, al- 
most navicular; one valve at the side 
plane and sunnounted by a finely-nerved 
membrane, the otlier turgid at the mid- 
dle, unarmed. ICM. pi. 18. f. tKi. Fossil. 
Bermuda, (viii. 25.) 


Genus IITITZOSOLENIA (Ehr.). — Filamentous ; frustulcs subcylindvical, 
greatly elongated, silicious, annulate ; annuli broadly cuneate ; surface stri- 
ated, extremities calyp triform, pointed with a bristle. This genus was con- 
stituted by Ehrenberg for the reception of certain silicious organisms found 
in guano and various fossil deposits. The characters assigned by him to this 
genus are, lorica tubular, with one extremity round and closed, while the 
other is attenuate and multifid, as if terminating in little roots.^' The dis- 
covery of this remarkable genus in' a living state has, we believe, proved that 
the species described by Ehrenberg are only fragments of forms similar to 
those we are about to describe. Profcs.sor Schultze hfus detected in ]i. styli^ 
formis and It, calcar-avis a circulation of minute granules analogous to the 
currents obseiwed in the hairs on the filaments of Tradescantia procumhem. 
(Schultze, M J. vii. p. 1 6.) 


Rhizosolenia styliformis (Bin.). — 
Frustulcs from 0 to 2(5 times as hmg as 
brosid; transverse lines (am Adi) distinct ; 
surface striated, striie oblique, about 40 in 
•001", terminal process at the base spatu- 
late and bifid. Found in N octilucae, Y ar- 
mouth : stomacrhs of Ascidians, York- 
shire ; Salpje, Atlantic. Bri M J. vi. p. 94, 
pi. 5. f. 5; Norman, ANIL xx. p. 168; 
Prof. Schultze, MJ. vii. p. 18,' pi. 2. f. 1^ 
(vii. 32.) From the elongated base of 
the calyptriform process a stout line or 
rib rtins up on either side to nearly the 
apex of the cone ; at base of the lines a 
small horn, slightly curved towards the 
annuli, is frequently to be detected. 
Self-division has been observed in this 
and some of the following species. 

R. hnhricata (Bri.). — Frustulcs 4 to^ 
7 times as long as broad, annuli: di- 
stinct, surface of valve coai*sely punctate, 
tenninal process subulate, entire. Found 
with the preceding species. Bri MJ. 


p. 94, pi. 5. f. 6. The direction of the 
transvei’se lines (annuli) and puncta 
give this species an imbricated appear- 
ance. 

U. setigei'a (Bri.). — Frustulcs 6 to 15 
times as long as broad, annuli obscure, 
strim very faint, terminal bristle fre- 
quently as long as the colom’less frustule. 
In Noctiluc.T), Ascidians, and Salpie. 
Bri. 1. c, p. 90, pi. 5. f. 7. (vir. 33.) This 
species is remarkable for the great length 
of the terminal bristle and its extreme 
delicm;y. 

R. alata (Bri.). — Annuli distinct, striae 
faint, terminal process alate, recurved, 
blunt. In Ascidians, Yorkshire. Bri. /. c. 
p. 95, pi. 5. f. 8. I’his curious little spe- 
cies is distinguished by its small but 
conspicuous setae attached to the base of 
the calyptriform process. 

R. catcar-avis (Schultze). — Frustulcs 
small, annuli indistinct ; terminal process 
slightly sigmoid, the point resembling 
3 K 
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a bird’s claw. Ilidiji^oland. Schiiltze, 
M.T. vii. p. 21, pi. 2. f. 5. 

li. rohusta (Norman, MS.). — Fi’ustulos 
very broad, slightly sif^moid, annuli nar- 
row, calyptinform processes with lines 
radiatinj2: from the apices ; bnstles short, 
delicate, nearly linear. Strim line, about 
65 in -(X)!”. Ascidians, North Sen, 
Ttjigumouth, Heligoland, Australia, 
(viii. 42.) 

Donhifnl and insitfficmdly knoicn Species. 

R. Calyptra (b].). — Valvci (terminal 
process) broadly conico-campanulate, 
smooth, its apex attenuated, acute. EM. 
pi. 35 A. 22. f. 17. ; Bri. I c. nl. 5. f. 2. 
Southern Ocean, (vii. 31.) This is pro- 
bably the tcnninal process of li. styli^ 
form is, 

R. Campana (E.). — Valve large ; a23ex 
conic, longly attenuated, variiis as if 
tenninated by little roots; surface very 
liiiely granulated. KSA. p. 24. Bermuda 
deposit. 

R. ornitlioylossn (E.). — Valve tubular, 
conical, smooth, slender, with a much 
attenuated, acut(j apex, laterally resmn- 
bling the tongue of a bird. EM. pi 33. 


J13. f. 21. Antarctic Sea. 

R. Amei'icann. — Frus tides smooth, 
hyaline, tubular, interinpted by septa, 
one end round, the otlier sfyliform, 
simjile or branched. EM. jil. 1 H. f. 08. 
Fossil. America. This seems a species 
very variable in size and form. The 
outline, however, of the rostraU; valve 
bears some resemblance to a bottle, with 
the neck or beak simple or branched. 

H. hebetntn (Bai.). — Valve calyptri- 
fonu, punctate, with a smooth, cylin- 
drical biise ; apex expanded, comiuvssed. 
B. in Sillimaii’s Amer. Journ. July 1856, 
j). 5, pi. 1. f. 18, 10. Seasof Kamtschatka 
and Ochotsk. The expanded apex re- 
sembles in outline the llanie of a candle. 
The punctate conical portions are most 
frequently seen ; but specimens with the 
cylindrical base are occasionally found. 
Bail. 

R. Pilcoliis (bl.). — Valve small, short, 
ns broad as long; central juu’tion linear, 
^iroduced ; one valve resembling an umbo, 
the other conical, branched at apex. E^I. 
pi. 18. f. 103. Virginia. Diam. 1-1320”. 
thus the habit of Dicladia or Gonio- 
thecium. 


Genus SYllINGIDIUM(Ehr.). — Frustules simple, cylindrical; valves un- 
equal, dissimilar, distended by a turgid middle ring. Maritime. 


SYniNOiDTUM bieorne (E.). — Smooth, 
elongated, with three constrictions, one 
end pointed, the other subglobose, two- 
spinod. EM. jil. 35 a. 9. f. 11*. Ganges. 
Africa, (viii. 20.) 

S. Palaomon (E.). — Resembles the pre- 
ceding species, but is granulated. EM. 
j)l. 34. 8. f. 15. Jaiian. 

S. Americanum (Bai. MS. ; vii. 34, 
from a drawing by Professor Bailey), — 


Common in I*ara River, anil sparingly 
in the soundings olf the mouth of tlie 
Amazon, Soutli America. Frustuliis 
very minute, punctated ; central portion 
quadrangular ; valves unequal, one with 
a quadrate base, suddenly contracted and 
then tapering into a pyramidal spine 
tenninated by a mucro ; the other valve 
subglobose, with two short basal jiro- 
cesscs, each ending in a sj)iue. 


Genus SYNBENDlllUM (Elir.). — Frustules siinjdc, bivalvcd, subquadran- 
gular, onc-cellcd, without umbilicus in the middle ; valves unequal, rather 
turgid, one smooth, the other furnished with many styles branched at the 
apex; margin naked. Syndendrium differs from Dicladia only in having 
several instead of two spines on one of its valves ; yet Kiitzing has placed 
them in different families. 


Syndendimum Diadema (E.). — ^Fms- 
tuleo Lanceolate, with severjil spines in 
the centre of one valve, forked or peni- 
cillate (split up like a bruslD, their length 
equalling the thickness of the fnistule. 
I:M. 23l. 35 A. 18. f. 13 ; Bri MJ. iv. p. 7. 
f. 49-52 ; Donkin, TMS. vi. p. 1. In 


I Peruvian guano; Sea of TCamtschaJka; 
i stoma(;h of Ascidia, Penzance. Diam. 
1-1152”. The central portion is nan*ow 
linear, projecting at each end, the lateral 
valves convex, one smooth, the other 
I with branched spines ; lateral view oval. 


Genus HERCOTHECA (Ehr.). — Frustide simple, turgid, of two unequal 
valves ; membrane of valves continuous, not cellulose, generally veined be- 
neath the free setm, which are permanent and assume the place of an integu- 
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ment. Henco the corimselos on the upper, contiguous margin of each valve 
appear as if crowimd and enveloped (as it were, shielded) by the opposite sctie 


or membranes. 

TIkrcottikca 7naimniUaris (E.b — 
Valves smooth, with the centre of the 
base fringed round (forlilitjcl) with about 
twenty simple, opi)osito inserted 


on the margin itself, and extending be- 
yond the mammilL'e. EM. pi. 18. 
f. 7. Fossil. Jlermiida. (vii. ^5o.) 


FA^riLY XIV.— COCCONETDEJE. 

Frustulcs elliptic, rarely bent, adnate by an infciior lateral surface, liavijig 
a median longitudinal line and central nodule. The lateral Miifaces prevail 
so much that the central portion is reduced to a simple margin, and conse- 
(piently it is difficult to obtain a front view” (Mcneg.). Campy lodiscus and 
llliaphoneis, the only members of another family with which any of the 
(Jocconcidcao are likely to bo confounded, arc distinguished b}'^ the al)sen(‘e of 
a central nodule. Those species of Navicula which are elliptic in the lateral 
view somewhat rcisomble species of Cocconeis ; but they are never adnate, 
and in them the central nodule is equally developed in both valves. 


Oenns CCCC0NEI8 (Ehr.). — Characters, those of the family. Frustulcs 
depressed or somewhat hemispherical ; the central nodule is wanting or 
obscure in the interior lateral surlacc, and sometimes there is a transverse 
as w^ell as a longitudinal line. The general form of Cocconeis is thfit of a 
disc of an Cillipsoidal figure, with surfaces more or less exactly parallel, ])Laii(j, 
or slightly curved. . . . The characters by which the species of tliis most 
elegant genus are (hstinguished one from another are still very sliglit” 
(Meneg.). The frustules in this genus are freciuently fiiriiished -with an 
additional memliranous covering, which also forms a border to them, and Inks 
been admitted into the specific definitions; but we believe this envelope 
generally, if not invariably, belongs to the immature state, and aftenvards 
disappears more or less completely ; and on this account wo consider it an 
unsafe differential character. The descriptions apply to Ihe hitt'ral view, 
unless otherwise stated. 


* Disc smooth or ivith lonyitiulinal lines, 

Cocconeis lonf/a (E.). — Very minute, 
lincav-ohlong, wdtli rounded ends, smooth, 
except a median line and nodule. FIM. 
pi. 5. 1. f. Aquatic. Iceland. 

C./)wwi^7«(K.).— Veiy minute, curved ; 
lateral view oblong-elliptic, smooth, 
without lilies or accessory border. KB. 
1. 5. 9. f. 2. Aquatic. Europe. Length 
-15(30". Babenhorst describes it as 
destitute of inodian lino and nodule. 

C. (K.). — Very minute, 

smooth, elliptic, girt by a crenulatti ge- 
• latino us border. KB. t. 5. (5. f. 4. Baltic 
Sea, on Oeramium. 1-2(340". 

C. molesta (K.). — Minute, smooth, 
elliptic-oblong, without an accessory 
border, densely aggregated. KB. pi. 5. 
7. f. 1, 2. Marine. Venice. 1-1800" to 
1-1080". 

C. nidulam (K.). — Elliptic-oblong, 


smooth ; front view oblong, i*ectangulav. 
KB. t: 4. f. 10. C^ast of Normandy. 
1-1320". Nidulating in mucus. 

C. vlonyata (I'l.). — Small, smooth, 
oblong-elliptic, plane. E^l. pi. 5. 3. f. 20. 
America, liirope, Africa, (fiiiiia. Smaller 
than C. Placentnlaj but may bo a variety 
of that spf'cies. 

C. C'rw.r (fi.). — Smooth, elliptic, thin, 
with a trail, sviu’se linear umhilicus. KSA. 
p. 53. We.steni Asia. i)iam. 1032". 

C.dinphnmi{^,). — “ lilliptical, scar(;ely 
silicions, diaphanous ; strim ob.scure. 
Length 0012" to 0018".” SBB. i. p. 22, 
pi. 30. f. 254. nodule dilated into a 
staiiros.” Sidmouth, .jersey. 

O. Pcdiculus (J^.). — Small, elliptic, 
somewhat angular, slightly curved ; disc 
Aiith very fine, dotted longitudinal lines. 
SBD. i. p. 21, pi. 3. f. 31. Aquatic. 
Common. jS. salina (K.), narrow^er near 
the margin, furnished with very delicate 
3 K 2 
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transverse strisc : Saxony, y. minor (K.). 
In this species the striae are visible onfy 
when highly magnified. It is best di- 
stinguished by its slightly angular or 
rhomboid form — a character not noticed 
by Ehrenberg, who gives in the ‘ Micro- 
geologie ^ only one figure, and five habi- 
tats. Diam. 1-2200" to 1-900". 

C. (h^pressa (K.). — Minute, much de- 
pressed, plane, elliptic, furnished near 
the margin with pimctated strite. KB. 
pi. 5. f. 8. 2. Aquatic. Europe. Accord- 
ing to Kabenhorst, it resembles a small 
and flat state of the var. salina of the 
preceding species. Diam. 1-1800". 

0. Placentnla (E.). — Plane, elliptic, 
A^dth faint, dotted longitudinal lines. 
SBD. i. p. 21, pi. 3. f. 32. (vii. 36.) 
Aquatic. Common. 1-1440". Ehren- 
berg, in his ^ Microgeologie,^ pves many 
figures and upwards of sixty habitats for 
this species. Ilis definition differs from 
that of Professor Smith, and is as fol- 
lows : — “ Plane, elliptic, with an abrupt 
margin; within and without smooth.” 
Having seen no authentic specimens of 
C. Placentnla and C. PediculuSf we have 
adopted Professor Smith’s views, but do 
not implicitly rely on them ; for not onlp^ 
do Ehrenberg and Sniith differ in their 
descriptions, l)ut whilst the latter states 
that both species occur in the Tiough 
Moume deposit, the former has excluded 
thtmi from his lists of species found 
in it. 

C. preetexta (E.). — Small, elliptic, with 
six longitudin^ lines on each side of the 
centre, and a dilated, smooth, areolar 
margin. EA. pi. 3. 3. f. 11. Japan, 
India, Afiica, America. 

0. punctata (E.). — Small, elliptic, with 
eight punctated longitudinal lines on 
each side of the median line. KB. p. 72, 
pi. 29. f. 30. Australia, America. 

C. euglypta, EiSI. pi. 34. 6 a. f. 2. Flo- 
rida. Eiireiiberg’s figure represents a 
small elliptic form, with broadly rounded 
ends, ana a median line and nodule, 
having on each side parallel, distinctly 
dotted longitudinal lines. 

C, striolata (llab.). — Small, narrow- 
elliptic, with dense, faint longitudinal 
strite on each side of the median line, 
liab D. p. 28, pi. 10. f. 8. Aquatic. 
Salzburg. 

C. ohUmga (K.). — Oblong-elliptic, with 
somewhat acute api(3es and longitudinal 
lines. KB. p. 72, pi. 5. 8. f. 7. North 
Sea and Indian Ocean. 1-320". 

C. limhata (E. ). — Large, elliptic, with 
broadly rounded ends, very fine longi- 
tudinal lines, and a subentire gelatinous 


border. EM. pi. 14. f. 42. Adriatic and 
Mediterranean Seas. 1-576". Raben- 
horst describes this species as like C, 
PlaceMula with a distinctly developed 
border-like membrane. 

C. oceanica (E.). — Large, roundish- 
elliptic, with numerous delicately punc- 
tated, somewhat converging longitudi- 
nal lines ; dorsum convex. KSA. p. 62. 
Europe, America, (xii. 42.) 

C. cmicentrica (E.). — Jjarge, broadly 
elliptic, with broadly rounded ends and 
concentric longitudinal lines. KB. p. 72, 
pi. 28. f. 15. Sloxico. 

C. midulata (E.). — Elliptic ; dorsum 
slightly convex ; exterior furrowed, with 
undulated concentric lines. KB. p. 72, 
pi. 6. f. 11. Baltic, Asia, Africa. 1-432". 
Not transversely striated. 

O. lineatay EM. nunuirous figures and 
habitats. Australia, Asia, Africa, l]ii- 
rope. We have seen no description of 
this species; but, according to J^hren- 
berg’s figures, it seems to differ from C. 
undulata in the nonconvergimce of its 
longitudinal striae. Apparently a very 
common species, as Ehrenberg gives 
upwards of fifty habitats. 

C. fasciata (E.). — Largo, elliptic ; disc 
with dotted longitudinal lines on each 
side the median line, intersected by a 
transverse median smooth band. IvB. 
p. 72, pi. 28. f. 14. Aquatic. Peru. 

C. gemmatay EM. pi. 37. 2. f. 1. Ore- 
gon, JEgina. Ehrenberg’s figure is large, 
broadly elliptic, with rounded ends and 
a smooth linear median line, having 
on each side five or six parallel, loii- 
gitiidinal, moniliform aeries of large 
granules. 

C. aggregata (K.). — Oblong-elliptic, 
girt with a ffroaclish lacerated, crenulate 
limb ; disc having near the margin finely 
dotted rays, and in the middle punc- 
tated longitudinal lines. KB. p. 72, 
pi. 6. 8. f. 5. Baltic and North Seas. 
1-1440'. 

C. marginata (K.). — Elliptic, with 
radiatingly punctated margin and dis- 
coid longitudinal lines. KB. p. 72, pi. 6. 
6. f. 1. Marine. Europe. 1-840". 

C. dinipta (dreg.). — Broadly elKptic 
or suborbicular, with a smooth median 
line, having on each side wavy longi- 
tudinal and faint transverse strisc. GDC. 
p. 19, pi. 1. f. 26. Scotland. Tlie lon- 
gitudinal strisB are most evident in the 
centre, and the transverse, which are 
somewhat radiant, near the margin. 
Under a low power the nodule appears 
dilated into a stauros. Professor Gregory 
states that it differs in its brown cwoiir 
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and conspicuous strisB from C, diaphanaj 
the only allied species. 

2 * Disc with radiant or transverse 
strice. 

(7. striata (E.). — Elliptic-oblong, of | 
luedium size, with parallel or somewhat 
converging transverse striio. EM. many 
figures. Aquatic. Apparently common, 
as J^Ihrenberg gives upwards of forty 
habitats in different parts of the world. 
liOiigh Moiimo deposit. 

C. borealis (E.). — J^llongated-elliptic 
or oblong with rounded ends and parallel 
or converging transverse strije. EM. 
several figures. Ehrenberg gives about 
tliirty habitats in Asia, Africa, &c. 
cept in its more elongated frustule, it 
scarcely differs from C. striata. 

C. trnnsversalis (Greg.). — Small, nar- 
iiow-t'lliptic, with fihe, parallel, dotted 
transverse strias reacliing the median 
lino. Greg MJ. iii. pi. 4. f. 7. (vii. 37.) 
Scotland. 

C. atmosplicrica, EM. pi. 39. 3. f. 9. 
Sciroeco dust. Ehrenborg’s figure is 
large, elliptic, with median line and 
nodule and dotted parallel ti-ansverse 
striiB. 

C. hypvrhorea (E.). — liarge, elliptic, 
finely punctato-striate ; strho in the 
middle margin of the disc, 18 in 1-1200", 
continued to the median furrow as 
puncta; the fijie triple line of furrow 
w'ith a single, distinct, transversely ob- 
long medimi umbilicus. ERBA. xviii. 
p. 520 ; EM. pi. 36 a. 23. f. 4. Assistance 
Bay. Nearly resembles (J. Scutum of 
New Holland. Breadth rather more 
than half the length. 

C. niyricans (K.)* — Narrow-elliptic, 
densely aggregated, girt by an entire, 
rather ‘broad, brownish-black border; 
transverse striie, 13 or 14 in 1-1200". 
KB. p. 72, pi. 5. 8. f. 8. Trieste. /3. de- 
nudataj border obsolete. KB. t. 5. 8, 
f. 10. 1-1320" lo 1-1200". 

C. consociata (K.). — Broadly elliptic, 
with a hyaline, longitudinal median 
line; disc with 13 punctated, almost 
radiant striae on each side. KB. pi. 5. 8. 
f.6.* Marine. Baltic. 1-1320". 

C. Pinnularia (K.). — Roundish-ellip- 
tic, transversely striated, except a smootn, 
crenated, longitudinal median fascia. 
KSA. p. 52; KB. p. 73, pi. 5. f. 34. 

= Cocconcis ?, BAJ. xlii. t. 2. f. 34. 

America. This very doubtful species was 
constituted by Kiitzing from Professor 
Bailey’s figure. 

C. Persica (Rab.). — Large, elliptic, 
with a longitudinal median line, dilated 


I at centre and ends, and having 23 gra- 
nulated transverse striae on each Sdc. 
Rab 1). p. 27, pi. 3. f. 5. Persia. 

C. major (Greg.). — Very large, thin, 
flat, broadly elliptic or suborbicular, 
with numerous delicate transverse striaj ; 
median line with central and tenuinal 
nodules. GDC. p. 21, pi. 1. f. 28. Scot- 
land. Hyaline, without distinct border ; 
strite about 64 in *001", somewhat con- 
centric with extremities. 

C. Scutellum (E.). — Elliptic, with 
finely punctated ti’ansverse strim con- 
centric with its extremities ; strim 18 in 
•001". El. p. 194, pi. 14. f. 8; SBI). i. 
p. 22, pi. 3. f. 34. Marine. According to 
Ehrenberg, found in every quarter of the 
globe; yet he gives fewer habitats for 
this than for some other species, (ix. 192, 
I6tl.) ^, nodule dilated into a stauros : 
S. 1. c. pi. 30. f. 34. y, disc with stam’os, 
very fine strim, and tw'o lateral semioval 
markings : Ro MJ. vi. pi. 3. f. 9. Dorsum 
convex. 1-1150". 'I'he species thus cha- 
racterized is very variable in size and 
form and in the size of its puncta. Per- 
haps the varieties should be constituted 
distinct species. 

C. Arraniensis (Grey.). — Valve ovate ; 
strim concentric with the extremities, 
faint, moiiiliform, contiguous, reaching 
the median line ; strim 30 in ’OOl ". Grev 
JMS. vii. p. 80, pi. 0. f. 2. 

C. spectosa (Greg.). — Small, rhomboid- 
elliptic, with 12 distinctly granulated 
transverse strim in -001", and somewhat 
concentric with extremiticis. OregMJ. 
iii. pi. 4. f. 8. Scotland. So nearly allied 
to C. Scutelluniy that, although its more 
distant strite are formed of fewer and 
larger granules, we must doubt whether 
the.se species be really distinct. 

C. Mcditerranca (K.). — Elliptic or 
elliptic-oblong, with distinct puncta, 
regularly ananged so as to form both 
I transverse and longitudinal series. KB. 

?•. 73, pi. 5. 6. f. 8. Mediterranean Sea. 
lather large; dorsum .slightly convex. 
1-840" to 1-662". In Kiitzing’s figures 
I the strioB appear somewhat concentric 
I with extremities ; and we doubt whether 
I it be distinct from C. Scutellum. 

C. Peruviana (K.). — Elliptic, regularly 
punctate, the larger puncta quadrate, 
more distant. KB. p. 73, pi. 6. 0. f. 7. 
Marino. Western snores of America. 
1-840”. Kiitzing’s figure seems very 
similar to C. Mediterranea. 

C. Adriatica (K.). — Large, elliptic ; 
striaj granulated, transverse on the disc, 
radiating on the margin. KB. p. 73, 
pi. 5. 0. f. 2 & 9. Adriatic and Sledi- 
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torraniMin seas. 1-GOG" to 1-480". Dor- 
sum convex. The strire in Kiilziiig’s 
ligures are concentric with the oxtronii- 
ties ; and this species seems to dilFer from 
C. ^utellum in its more distinct border. 

C. distam (dri'".). — Elliptic, with 
somewhat attemiati.‘d ends, a dedicate 
median line and transverse aeries of 
equal, rather distant granules. (IDC. 
n. 18, pi. 1. f. 23. (vii. 38.) Scotland. 
Tliis si)eci(.‘s agr(*es with C, ScuteUum in 
its gi’finulated striie, somewhat concen- 
tric with extremities, but it appt‘ars to 
us distinct. The stri:e arc 1‘ewer, the 
graniihjs far morci conspicuous, and, ac- 
cording to Professor Gregory, equal, and 
situated on white, h valine, faint bars, — 
characters absimt in C, !Scittellum. 

(\ lamprosticta (Greg.). — 1 iarge, rhom- 
boid or broadly lanceolate with obtuse 
apices, a median line, and transv(*rsc 
senhis of rather distant conspicuous 
grannies. Greg TMS. v. pi. 1. f. 28. 
Scotland. This species agrees with G. 
distans in having conspicuous transverse 
series of granules somewhat concentric 
with extremities, but ditlcrs in its elon- 
gated form. 

G. ftplmdida (Greg.). — fjarge, elliptic, 
wdth conspicuous, monilifonn trans- 
vor.se stihe, a broad margin, and a me- 
dia?i line dilated at centre and emls. 
Cl IK ), p. 21, pi. 1. f. 20. Scotland. Strife 
somewhat concentric with extremities, 
their granules near the margin being 
closer, and thus forming a continuous 
rim, with the median line terminating 
at it.s inner edge. .U(*markable for its 
largo size. Length about ‘0044" ,• breadth 
■ 00 : 19 ". 

C. (Johnston). — I'alve ovate; 

striie 20 in *001", coiu^entric around the 
extremities, distinctly granular on either 
side the median line, in their course out- 
wards faintly monilitbrm, more coiLspi- 
ciiously so and foi-ming a sort of border 
near the margin. Jolin.^ton, J^IS. viii. 
p. 13, pi. 17. f. 1. Elide guano. 

C. imnctatismna (Grev.). — Elliptic, 
densely arcolato-punciate; .strife moiiili- 
I'omi, concentilc with extremitio.s ; me- 
dian, line dilated at ends; rim siinplv 
.‘^tiiated. Grev MJ. v. p. 8, pi. »3. t. 1. 
Marine. Ti*inidad. Strhe 20 in -(K)!". 
I)»*. Greville says it differs from C. Mor^ 
risn in ifs Kner, clo.scr, and more mi- 
nutely punctated strife. 

G. cnbrvstnala (Grev.). — Llliptic- 
ohlong, delicately, closely, and uniformly 
puuetato-striate ; striae concentric, with 
extremities ; median line .stniight, simple. 
Grev M.r. v. p. 9, pi. 3. f. 2. Trinidad. 


Length 0022" to 0028"; breadth -0012" 
to *0014" ; strife 30 in -001". The figure 
shows the ends of Ihi; valve*, more atte- 
nuated than usual in this genus. 

C. Grecillii (S. ). — Elliptic, with trans- 
verse costte ; striie nioiiililbi’ni, 15 in 
•001". SBD. i. p. 22, pi. 3. f. 35. Eng- 
land, South Africa. 

C. m/r//w (Grev.). — Valve orbicular; 
strife mouiliforiii, 5 in -001", occupying 
about a third of the diaiiuder, externally 
continued by large distant granules, 
forming three or tour concentric; rows. 
Grev .IMS. vii. p. 179, pi. 7. f. 1. Gali- 
fornian and Algoa Day guanos. Striie 
coai’se, outer gramdes large and promi- 
nent, continiietl round the whole valve, 
but smaller near the extremities. JMedian 
line fiblm;viatcd. 

G. pimmta (Greg.). — Vfilve oval ; stihe 
concentric with the extremitie.s, large, 
monilifoini, jiot reaching the median 
line, but leaving a narrow elliptical blank 
.space; median line distinct. GrevJMS. 
vii. p. 7t), j)!. G. f. 1. Lamlash Day. 

0. l^tnwda (D.). — Broadly elliptic, 
with a median longitudinal liiii;, having 
on each .sidi; 10 to 12 large, irrc^gulfir 
transverse costio (or sulci) ; surface with 
transverse granidated strim. Bail. Ihoc. 
Phil. Acad. 1853. Tahiti. 

O. mleaUt (B.^. — Broadly elliptic or 
suborbicuhir, with 30 to 40 trau.s\ erse 
arcuate sulci. Bail. /. c. Puget’s Sound. 

G. incofispicna (G n? v . ). — S iiborbie ular, 
Avith a broad, rather strongly striated 
border; disc diaphanou.s, striie taint, con- 
cimtric with extrcmiiticj.s, becoming ob- 
scure in the centre. Grev M J. v. p. 9, 
pi. 3. f. 3. Trinidad. Diam. -0011"; 
strife 22 in 001". l)r. (irevilhi’s ligiire 
shows tin; sftriie radiating rather thaii 
concmitrie with the extremities, and 
leaving :i bhiiik nu'diaii space bisected 
by the nietliaii line and nodule. 

Vj. ormUa (Grc'g.). — EHiptif^^ with a 
strongly .striated rim; (li.se Avitli a lan- 
ceolate medifin blank space, bisected by 
a faint median line and largo nodule ; 
striie sonuiwhat radiant. GUC. p. 19, 
pi. 1.4’. 24 . Scotland. 

G. Fiiuucu (E.). — Ovate - obi An g, 
sli^litly convex, smooth externally, but 
striaUid within. /3 larger, elliptic, three 
or four tim(*H longer than broad. EM. 
many figure.s. hjirenberg- givtis about 
thirty babitiits in Australia, Asia, Ame- 
rica, and Europe, (xii. 41.) 1-570" to 

1-3G0". J*]hrenherg’s figures do not agree 
with his description. They are elliptic 
Avith Hiudy-dotted iransA"(;r.s(; strife, and 
a blank, generally lanceolate longitu- 
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dinal fascia, bisected by mediau line and 
nodule. 

C. Bmndusiaca (Uab.). — Very lar^e, 
with very convex dorsum ; disc olliptic- 
o])lonj^, with from 22 to 24 soniewliat 
divergiupf’, transverse, granulated costa>, 
and an oblong central blank spa(;c bi- 
sect’d by a liueiu’ median line, llab 1). 
p. 28, t. 8. f. 1(5. 

C. margaritifeva (K.). — Jlroadly ovate, 
with subacute ends and tmiisverse gra- 
niilaled striiu like rows of pearls. Marino. 
Bosphorus, South Africa. It is closely 
allied to O, Amet'icanay but is rather 
larger and not curved. 

(J. nitida (Greg.). — Broadly oval, with 
suddenly contracted, subacute, short, 
])oint-like apices, transverse rows of 
\ orv large pearl-like granules, and a 
luirrow-lanceolate blank median space. 
GIXJ. p. 20, pi. 1. f. 20. Scotland. The 
gianuh’s are so anranged as to fonn both 
longitudinal and tr.ms\ ersci stu’ies. AVith- 
out the central nodule, which w(» have 
not detected, this species agrees with 
Khaphoneis. 

0 * Lateral view rhomboid, 

C. rhomhea (E.). — llhomboid, with 
about three longitudinal lin(?s on each 
side the, median suture. EM. ]>!. 85 a. 7. 
f. 2. Aquatic*. Niagara. 1-1200". Ilo- 
senibles C. Americana. With the exc(ip- 
tion of the inediau line iind nodule, 
lOhrenberg’s ligur(‘, has no markings, 

C. Americana {Vu). — Small, rhomboid, 
with sonuiwhat produced obtuse apices 
and hiint (sometimes obsolete) dotted 
transverse striie. KSA. p. 58. C, Mexi- 
canaj EA. t. 8. 5. f. 7. Mexico, (xu. 48.) 

4 * Strue deemsaiiing, 

C. dmtssata (E.). — Ijarge, broadly 
elliptic, rough with decussating series of 
apiculi. KB. p. 78, pi. 28. f. 17. Cuba, 
India. 

C. rhomhiferd (B.). — Broadly elliptic 
or suborbicular, Avith a sigmoid, ob- 
liquely longitudinal median lino, rmi- 
iiing through a smooth space, attenuated 
at the ends and enlarged at the nodule 
iiitd a rhomboid figure; surface decus- 
sately and transA’crsely punctate. Bail, 
in Proc. Acad. Ehilad. 1858. Puget’s 
Sound. 

5* Striw tramvcrscy si^paratcd into two 

series on each side the median line by a 

blank hngitudinal fascia. 

C. pse?ido“?narf/inata (Greg.). — Large, 
broadly elliptical, Avith median line and 
nodules having on each side fiiuj trans- 


verse striae, inten’upted and separated 
into tAvo series by a longitudinal blank 
fascia. GDC. p. 20, pi. 1. f. 27. (vii. 30.) 
Scotland. Thin, transparent, the ends 
less rounded than in many species, me- 
dian line not reaching tlio oxtremititjs, 
and enclosed in the lanceolate space 
fonued by the convergence of the tAvo 
lateral fascitc. 

C. tceniatay EM. pi. G. 2. f. 12. Fossil. 
Morea. We ha\"e seen no d(?scription of 
this species. The ligure r(‘pres(;nts it as 
elliptic, liaving its triuisverst) stria) di- 
vided into tAvo series on each side the 
median line and nodule by a longitu- 
dinal blank fascia, as in some species of 
Navicula. 

G * Disc with longitudinal concentric lines 
interrupted by radiating cosUe. 

C. radiata (Greg.). — Elliptic, with 
rounded ends, about 8 concentric lines 
inteiTuptcd by numerous (18) strong 
rays proceeding from the umbilictu 
malule. Greg TMS. v. pi. 1. f. 2G. 
Scotland. 

C. costata (Greg .). — Valve oval, rather 
broad, median line conspicuous, nodule 
obsolete, marked Avith strong entire 
costm reaching from the median line to 
the mai’gin; spaces between the co.stm 
striate; strife at right angles to the 
c.ostfo. Ghmshira sand. Greg TMS. v. 
p. 08, pi. 1. f. 27. 

7 * Median line and nodule excentric. 

(1 ? exvenlriea (Donkin). — Suborbicii- 
lar, divided unequally by the mediiin 
line, which does not resurli the margin, 
find fmnished Avitli fine, dotted, trans- 
verse, converging strifo. Donkin, 'fMS. 
\d. pi. 8. f. 11. Marine, (a'ti. 40.) North- 
umberland. One of Dr. Doiikiu’s in- 
teresting discoA^eries, remarkable for the 
excentric position of its median line and 
umbilical nodule, and probably the type 
of a new genus. Tlie strife converge 
towards the umbilicus, tlioii* puucta nejir 
the margin are closer and more distinct, 
forming a broad border. 

8 * Transverse striec and conspicuous 

margin. 

C. coronata (Bri.). — Valve OA al ; strim 
trjinsverse, reaching the conspicuous 
inediau line, suiToimded by a eostjite 
band; Spaces betAveen the costiu punc- 
tate; costfo about 9 in -(X)!"; strue 15 
ill *001". Bri JjVIS. vii. p. 179, pi. 9. f. 8. 
Shell cleanings. Westliidies. The me- 
dian line reaches only to tho margin of 
the hand ; breadth of band -0002". 
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C,Jimhriata(K,). — Valve oval, with 
a crenate iiitramar^nal line ; coarse 
transverse puncta reaching the median 
line. EB. 1858 ; Bii JMS. vii. p. 179, 
pi. 9. f. 43. Corsican Algoe. This species 
IS readily distinguished by its peculiar 
looped margin. 

Dmibtful and nndescrihed Species, 

C. Namcula (E). — Striated ; the navi- 
cular side ovate ; the front view naiTOw- 
linear, with an obscure median, longi- 
tudinal fuiTOAv. KSA. p. 63. Baltic, 
parasitic on Bacdlaria paradaxa, 1-8(14". 

C. paradoxa, EM. pi. 9. 2. f. 5. Fossil. 
Puy de Dome. Figures small, elliptic, 
smooth, with one or two median longi- 
tudinal lines and no nodule. 

C. BHiannica (Niig.). — Large, elliptic, 
smooth, with an accessory limb, mar- 
ginal outwardly curved lines, and a di- 


stinct median nodule. KSA. p. 890. On 
British Algte. 

C. tmuissima (Niig.). — Elliptic, very 
thin, with concave venter and con- 
vex dorsum, sometimes with a narrow, 
opaque, crenulated limb. KSA. p. 890. 
On British marine Algfo. Vanes in 
breadth and in presence or absence of 
striae and accessory border. 

C. diseifm'mis (E. ), C. fiavicularis (E), 
C. Scutum (E.), Swan lliviir ; C. stellata 
(E.), C. undata (E.), Western Asia; C. 
tumida (E.), Biver .Jordan ; C, acHtn(¥^.)^ 
Ural Mountains ; C. timjida (E.), Siberia ; 
C, Indica (E.), C. Bramaputra (E.), C\ 
anymta (E.), India; C. S)l (E.), Oasis 
of Jupiter Ammon, Africa; C. Stella (E), 
Tenerilfe; C\ Gians (K), C. Brasiliensis 
(E.), C, lirata (E.), Brazil ; C, Morrisii 
(S.), Black Sea. 


• FAMILY XV.— ACHNANTIIE^. 

Frustules genuflcxed downwards, either free, adnate, or stipitate, each 
lateral surface having a median longitudinal line and the inferior one a 
central nodide or stauros also. The Achnantheas, like the Cocconeideae, have 
a nodule only on the inferior valve; but this is almost the only point of 
resemblance. The bent fnistule and dissimilar lateral surfaces distinguish 
this family from every other. In their mode of growth the Achnanthca) 
resemble the liiddulphieae. 


Genus ACHNANTHIDIUM (Kiitz.). — Frastules unattaclied, solitary or 
few together, rarely numerous, in front view linear, bent ; ventral v.ilve with 
median line and central and terminal nodules ; dorsal valve without a central 
nodule. The Achnanthidia resemble unattached frustules of Aclmanthes, but 
arc generally very minute, and their proper position is still somewhat doubtful. 
“ Admitting it to be proved that in the species of this genus there positively 
exists a median nodule in one of the lateral suiTaces and not in the other, 
and that two puncta exist in the extremities of the primary surfaces, as 
stated in the definition of the order and in that of the family, — admitting this, 
we should still have to decide whether the uncertain relations of these cha- 
racters to other families, and their inconstancy, 'will give ug any right to 
erect a distinct genus on principles so slight and precarious ’’ (Meneghini). 


* Frustules minute, smooth or obscurely 
striated, 

AcHNANTHiniUM microcephulum (K.). 
— bVustules extremely minute ; valves 
lanceolate,, 'with capitate apices ; striae 
obsolete. KB. p. 75, pi. 3. f. 13 & 19 ; 
SBD. ii. p. 31, pi. (51. f. 380. Fresh 
water. Europe, (xiv. 15.) Front view 
narrow-linear. 1-1080". I 

A. trinode (Ar.). — Frustules genicu-' 
late ; valves 'with one central and two j 
buiuinal inflations ; median line and 
central nodule distinct ; extremities ] 


rounded ; striie obscure. = Navicula tri- 
nodis, SBl). ii. p. 94. Fn'-sh water. 
Britain, (viii. 9.) 

A. lanceolatum (Br6b.). — Frustules 
minute; valves oblong-lanceolate, with 
obtuse ends and turgid centre; striae 
obscure. Brdb. in KSA. p. 64 ; SBD. ii. 
p. 30, pi. 37. f. 304. Fresh water. Eu- 
rope. Frustules 2 to 1(X); stria) 40 in 
•Oul", S. The transverse band of the 
lower valve sometimes extends to both 
margins, sometimes is bifid, and on one 
half only. 

A. delicatidum (K.). — Frustules mi- 
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nute : valves ventricose, with rostrate 
ends. KB. p. 75, pi. 3. f. 21. FalcaUUa 
delicatula^ Bab I), p. 46, t. 5. f. 4. Sub- 
marine. Germany, (xiv. 10.) 1-1080". 

A. cryptocephalum (Nfij^.). — Valves 
lanceolate - linear, with the subacute 
apices attenuated or obaoletely capitate. 
Niig. in KSA. p. 890. Switzerland. 

A. linmre (S.). — Frustules minute ; 
valves linear, obtuse, upper with median 
line only, lower with inedinn line and 
nodules; striie obscure. SBD. ii. p. 31, 
pi. 01. f. 381. Freshwater. Scotland. 

K.Jhxvllum (K., Brilb.). — ^\"alve8 ob- 
long, with gibbous middle and very 
obtuse ends ; median line sigmoid. Breb. 
KSA. p. 64. = Cymhellit (?) flexella, KB. 
p. 80, pi. 4. f. 14 ; Kab 1). p. 23, pi. 7. f. 15 ; 


Achnanthes Bavariea, ERBA. 1863, p. 
620; Coeconeis Thwaitesii, SBD. i. p. 21, 
1. 3. f. 33. Fresh water. Europe. 
-060" ; strim indistinct ; front view 
with genuflexed venter, convex dorauni, 
obtuse ends, and a notch-like punctum 
at the middle of the lower margin. 

2 * Frustules hirffe, distinctly striated, 

A. voarctaium (Breb.). — Valves elon- 
gated, linear-oblong, constiicled at the 
= middle, with slightly attenuated, obtuse 
ends, striae distinct. Breb. in SBD. ii. 
p. 31, pi. 61, f. 379. = Achnanthidium 
Otrantinum, Rab 1). p. 25, pi. 8. f. 3 ; 
Achnanthes hinodis, EM. pi. 34. 6 n. f. 1 ?. 
i Fri'sh water. Europe, Africa, America. 
j(vji.41.) 


Genus ACHNANTHES (Bory St.-Vinc., Ag.). — Fm-stules bent, solitary 
or aggregate, attached to a stipes, a centml nodule in the lower or ventral 
valve only. The frustules are bent downwards ; so that the uiiper margin is 
convex, the lower one concave. In some species the lateral i>ortions are 
turgid, the central one looking like a band between them ; in others they do 
not enter into the front view. The superior lateral surface differs from the 
lower in the absence of the central transvense peUiicid line and central nodule, 
the latter appearing like a imnctum in the front view. A median longitu- 
dinal line is present in both valves. In their obscure striae three species 
{mhuitissima, exiUs, parvnht) present great analogy of form with the pro- 
(‘oding genus. In one of these ( pannila) there is wanting the characteristic 
angular bending, for which reason it becomes very similar to Odontidium 
and Diadesmis. The other species (striatw) differ only by very slight cha- 
racters from each other ’’ (Mcneg.). 


* Valves divided by two constrictions 
into three lobes, 

AciiNANTHrJS vmtricosa (E.). — ^Valves 
divided by two coustriclit)us into throe 
oblong inflations ; apice.s nfluidod ; strijc 
distinct*. EM. t. 1. 2. f. 9 ; t. 1.3. f. 18, 
\\).=Monoyranuna ventrieosa, E. A.sia, 
A frica, A mericra. 

• 

2 Valves distinctly striated, not three- 
lobed. Marine, 

t Valves costate. 

M kmyipcs (Ag.). — Gregarious ; valves 
elliptic-oblong, costate, with moniliform 
striie between the costa3. ASA. p. 1 ; 
kb. p. 77, pi. 20. f. 1; SBD. ii. p. 26, 
f. 300. = Conferva stipitata, Eng. Bot. 
t. 2488; A, CarmichaMii,ijVc;w,mJ\v. H. 
ii. p. 404. (vii. 42.) On Marine Algne. 
Europe, Ameiica. Few-pointed; frus- 
t ulos large, with stout elongated stipes ; 
front view turgid, with convex dorsum. 
1-670" to 1-120". 


2 1 ^'^alve^ striated, but not costate. 

A. hrevipes (Ag.). — Gregarious ; valves 
oblong, with attiumated acute ends ; stri® 
distinct, moniliform, 20 in -001" ; stipe.s 
stout, short. AgCD. p. 50 ; SBD. ii. p.27, 

' pi. 37. f. 301. Marine. Europe, Ame- 
rica. (x. 199-202.) Frustides large, very 
turgid in front view, with convex dor- 
sum. 1-860" to 1-180". 

A. salina (K.). — Frustules striated, 
very turgid, obtiuse-angled, genuflexed, 
I with slightly notched venter ; valves 
broadly linear, with cuneate ends ; stri® 
punctated ; stipes very short, thick. KB. 
p. 77, pi. 20. f. 6. Salt marshes. Europe. 

! Differs from A. brevipes only in its more 
linear valves and cuneate ends. Professor 
Smith was probably right in uniting 
them. 

A. intermedia (K.). — Few-jointed ; 
frustules striated, obtuse-angled, turgid ; 
Valves sublinear, with acutely cuneate 
ends; stipes short, distinct, fine. KB. 
p. 76, pi. 20. f. 6. On Fnteromorpha 
infestinalis, Gennanv, France. Smaller 
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than A, hrevipeSj with less turgid dorsum 
and finer striao ; but we doubt whether 
they are truly distinct. 

A. rhomhoides (E.). — Frustules large, 
striated, very turgid, nearly stniight; 
valves broadly lanceolate, almost rhom- 
boid, wdth acute apices; stipes short, 
thick. E A. p. 121 . = A, ventricosuy KB. 
p. 7(), pi. 20. f. 7. Marine. America, 
Europe. 

A. midtiartimlata (Ag.). — Enistules 
striated, turgid, with rather obtuse 
angles ; vfilves elliptic-lanceolate ; stipes 
stout, short. Ag CD. p. 60 ; KB. p. vG, 
pi. 20. f. 8. Maniie. Europe. 1-G12''. 

A. Cipemis (K.). — Frustules striated, 
turgid, obtiwe-angled ; valves lanceolate- 
elliptic or oblong ; stipes (dongated, stout. 
KB. p. 7G, t. 21. f. 1. Marine. Cape 
of Cood Hope. l-GOO". It varies with 
lew or many frustules. 

A. hacillark (E.). — Frustules narrow, 
striated, each .slightly indexed at the 
middle, both dor.sally and ventral ly 
equally bacillar, with rounded ends; 
stipes "short. EKB A. 1843, p. 25G. Ma- 
rine. Venice. Often in long series. It 
is smaller than A, lon(ji^cs, and more 
slender than A, brcvipes, E. 

A. Hid)sessi7is (K.). — Scattered, of few 
frustules ; valves linear-oblong, with 
rounded ends; stiia) monilifonn, 24 in 
•001" ; stipes nearly obsolete. KB. p. 70, 
t. 20. f. 4 ; SBl). ii. p. 28, pi. 37. f. 302.= 
Achnmtthes turgens, ILV. p. 121. Common 
on filiform species of Enteromoipha in 
salt marshes. Europe, iVmerica. 1-1 160" 
to 1-430". (vij. 4:1.) Easily recognized 
by its all but sessile frustules. 

A. angnstata (Grov.). — Front view 
narrow ; length '00(K)" ; breadth 0004" ; 
striai 24 in -001“. Grev M J. vii. p. 10.3, 
pi. 8. f. 0. In Californian guano. The 
striie agree in number with those of 
A. stilmsfiiUs; the relative length and 
breadth, however, of the valve, as .seen 
in the front vi(3W, i.s so widely dilfereut 
from the proportions of the species above 
mentioned, that the pos.sibility of its 
being a variety cannot be entertained” 
(Greville). 

A. cristata (Bab.). — Valves oblong- 
elliptic; striao gently curved, coar.s(;ly 
moniliform, distant, 9 to 10 in *001". 
Bab D. p. 20, pi. 8. f. 7. Italy. 

gtuujlvxa (K.). — Friistule.s .small, 
striated, turgid, obtuse-angled, strongly 
bent; stipes .short, rather stout. KB. 
p. 70, pi. 21. f. 3. Marine. Genoa. 

A. Uregoriana (Grev.). — Front view 
of frustule broadly linear; .strife very 
fine ; length -0000" to *0080" ; breadtn 


•0010" to -0016". Grev M.T. vii. p. 84, 
pi. 0. f. 13, 14. Marine. Scotland. In 
point of size it rivals A. longipvSy but is 
widely separated from it in the character 
of the striation alone, to perceive which 
requires not only a good oDject-ghiss but 
delicate manipulation. As in many of 
its congeners, the frustides vary gi-eatly 
in both length and breadth (Grev.). 

A. paehypus (Montagne). — Frustules 
small, fiiicly striated, obtuse-angled, 
rather turgid ; valves elliptic-oblong ; 
stipes stout, very short, ^loiit. Flor. 
Boliv. pi. 1 ; KB. p. 70, pi. 29. f. 83. 
Marine. Europe, Asia, America. 1-1730" 
to 1-1320". 

A. pay'vida (Iv.). — Frustules minute, 
nearly straight, obtusc.-anglcd ; valves 
elliptic-oblong, obtuse, finely striated; 
stipes rather stout. KB. p. 7(», t. 21. f. 6. 
On l^nteromorpha in brackish watt;r. 
Europe. Frustules stouter than in A, 
exilis. 

3 Very minute ; ntrixe wanting or 
indistinct. J^Vesh water. 

A. (uxilis (K.). — Frustules slender, 
linear ; vfdves lanceolate, tapering to 
the subacute apietjs ; .strife indi.stinct ; 
.stipes slender, elongated. KB. p. 70, 
t. 21. f. 4; Balfs, ANIL xiii. p. 14. f. 12 ; 
8BI). ii. p. 29. Fresh water. Europe, 
Asia, Ammica. (a'ii. 44.) A. exi/is is 
easily knoA\Ti by its minute, .slembn*, 
hyaline frirstules from every otlier .spe- 
cies except A. minutissimn. From tnat 
.'species it dilfers by its tapering, more 
lanceolate and acute vidvos;^ and by its 
elongated stipes. 

A. minutisshna (K.). — Fmstules slen- 
der, linear; *ivalves linear-oblong, Avith 
rounded ends ; strife obsolete ; stipes 
fine, .‘shorter than the frustule. KB. 
p.75, pl.].3. f.2r; Balfs, ANIL ^iii. pl.14. 
f. 11. Fresh water. Europe. We for- 
merly consid«ire*d tliis a variety of A. 
vxitisy and, still doubting whether the 
difierences are constsmt, think that Pro- 
fcs.sor Smith may rightly have united 
them. 

Douhtful Species. 

A.? arcnicola (Bail.). — Frustules mi- 
nute, rectangular or slightly curved ; 
valves lanceolate, striate; stipes short. 
Bail. Sm. Cunt. ii. p. 38, pi. 2. f. 19. 
Marine. Anujrica. It is possibly a spe- 
cies of Ilyalosira, but requires fui'ther 
study (Bail.). 

A. amtralisy EM. pi. 35 a. 2. f. 1. 
.South Africa. Frustides linear, uni- 
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fornily curved, with truncate ends and 
striat(id marj*iu. 

A. ? inagualts (E.). — Unequally bent 
and smooth. EM. pi. 1(3. 1. f. 45, & 
pi. 17. 2. f. 25. Fossil. Sweden, Finland. 

A. ? paradoxa (E.). — Frustules ovate, 
obtuse, twice as lonjj as broad, with 1(3 
transverse, scabrous, punctated lines in 
1-1152 ". ERBA. 184^5, p. 73. Fossil. 


United States. 1-900". No nodule ob- 
served, E. 

Species known to us only hy name, 

A, turgula (E.), Australia, America; 
A, Indica (E.), India; A. Javanica (E.), 
Java; A, ohtusa (E.), Africa; A. Semett 
(E.), America ; A. lirnsiliensis (E.), Bra- 
zil ; A, incrassata (E.), America. 


Genus CYMliOSTRA (Kiitz.). — Frustules as in Achnanthes, stipitato, con- 
nected into series by a gelatinous process or hinge (isthmus). Cymbosira 
differs from Achnanthes by the same character as lliatoma from Fragilaria. 


(Jymiu)sira Ayanlhii (K.). — Frns- 
tiiles linear, slightly ciu‘ved,with rounded 
apices; valves linear, oblong, scaretdy 
dilated at tlio middle, with rounded 


obtuse apices. KB. p. 77, pi. 20. f. 3. 

Achnanthes seriata, AgCl). Marine. 
VtiiiicHi, Cayenne, (xiv. 14.). 1-9(30" to 

1-288". Stipes very short. 


Genus MONOGllAMMA ( Elir.). — Frustules furnished with transverse pin- 
nules, a median, transverse, linear band on one valve only, three ventral 
nodules and two dorsal. (=Stauroptera with a stauros on one valve only, or 
to a solitary Achnaiithos with teiminal imncta. — ERBA. 1843, p. 13(3.) Not- 
withstanding b]hreiibcrg’s remarks, we cannot distinguish this genus from 
Achnanthidium. The species are known to us only by name. 

Monogra^ima Achnanthes (!]), India. I M. vcntricosa (E.) = Achnanthes ven- 
M. trinodis (E. ), Sandwich Islands. \ tricosa. 


FAMILY XVT.— CYMBELLE^.. 

Fnistulos cymbiform; valves lunate, with a longitudinal line, and mar- 
ginal or Hubcentral nodule. In shajDe the CymbeUeoe arc very similar to the 
Eunoti(ia3, but they differ essentially both from them and the Naviculeoe by 
the median nodules of the lateral surfaces being marginal or submarginal. 


Genus CYMBELLA (Ag., Kiitz.). — Frustules fr(?c, cymbiform ; transverse 
striae interrupted by a longitudinal line having central and teiminal nodules, 
and dividing the valve into unequal portions. The frustules, in the lateral 
view, hav() one margin ((k)raum) convex, and the other (venter) striiight, or 
at least? less developed. In consequence of this form, the longitudinal line 
dividers the surhice unequally, being much nearer the lower margin. Cymbclla 
includes species distributed in the genera Cocconcma, Navicula, and Finnu- 
laria of Ehrenbprg’s system. 


* Valves with one margin triundulate, 

(^Iymuklua Arens (Grog.). — Valves 
slender, scmilariceolsite, with straight 
V(;ntl5r, convex, triundulate dorsum, and 
produced, minute, capitate apices. Greg, 
ill MJ. iv. n. (3, pi. 1. f. 21 ; SBI). ii. 
p. 85. Scotlnml. Minute ; longitudinal 
line and nodules siibmarginal ; transverse 
sLrijtJ very fine, 40 in ’OOl". 

C. sinnata (Gr(‘g.). — Valves lanceolate, 
with subcapitate apices, gently convex 
dorauni, and triundulate venter. Greg. 
MJ. iv. p. 4, pi. 1. f. 17. Scotland. 
Minute; trails verst; striic con-spicuous, 


about 20 in '(X)!", scarcely reaching the 
median lino. 

2'* Valves without trinnduUtte margins, 

t Valves with produced or capitate 
apices. 

C. Ehrenhergii (K.). — Valves broadly 
lanceolate, with unequid sides, suddenly 
contracted into rather obtuse, slightly 
produced apices; transverse stria) di- 
stinct, punctate, 12 in 1-12(X)". KB. p. 79, 
t. (3. f. 11 ; SBI). i. p. 17, pi. 2. f. 21. =iVh- 
ricnla inceuualis, E Inf. 1 . 13 ; Pinmdana 
inccqnalisy EM. many figures. Common, 
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both recent and fossil. Europe, Asia, 
Africa, America, (vii. 40; ix. 154.) 
Largo ; length 1-210 '. Uifters from a 
Navicula only in liaving one margin of 
the valves leas convex than the other. 

C. heteropleura (E., K.). — Valves 
broadly lanceolate, with unequally con- 
vex sides, suddenly contracted into short, 
broad, very obtuse, beak-like apices ; 
striie distinct. K13. p. 79. = Pinmdaria 
hetevoplenraj EM. pi. 5. 2. f. 11. North 
Ameiica. T.argo; allied to C. Ehren- 
heryiiy but with more obtuse apices. 

C. empidata (K.). — ^^llves broadly 
lanceolate, with unequally convex sides, 
suddenly contracted into subacute, shori, 
rostrate apices ; strijo delicate, 18 to 20 
in 1-1200 . KB. p. 70, t. G. f. 40 ; SRI), i. 
p. 18, pi. 2. f. 22. Europe. 1-576". 
(vrr. 45.) Difltjrs from the preceding 
species in its smaller size, more graceful 
form, and nan*ow beaks. 

C. rostrata (Uab.). — Valves semilii- 
nate, with dorsum strongly and venter 
slightly convex ; ends produced into 
short, subacute beaks ; strno dotted, con- 
verging, 12 or 13 in 1-1200". Kab 1). 
p. 22, pi. 7. f. 5. Italy. Small. Very 
nearly alli(;d to C. cuspuhda. 

C. porrecta (Bab.). — Valves tui'gid- 
lanceolate, with unequal margins ; ends 
reduced into rather long, stout, obtuse 
eaks; strife stout, somewhat converg- 
ing, 0 in 1-1200". Kab 1). p. 22, pi. 10. 
f. lO. Italy. Venter loss turgid than 
tliii dorsum. 

C. fonnenta (Uab.). — Valves lunate, 
with Vi.Ty tine convex dorsum, gibbous 
venter, and produc(;d, obtuse, rostrate 
ends ; striie fine, smooth, 7 or 8 in 
1-1200". llab 1). p. 22, pi. 10. f. 9. 
Persia. 

(h umphicvphala (Niig.). — Smooth ; 
valves elliptic, with unequal sides and 
produced capitate apiccss ; front view 
oblong with truncate ends. KSA. p. 890. 
Switzerland. 

O. fcqualis (S.). — Valves lanceolate, 
nearly symmetrical, with shortly pro- 
duced, slightly (riirved, obtuse extre- 
mities ; strife tine, 30 in *001 ". SBl). ii. 
p. ^54; Grev. in ANH. 2 ser. xv. pi. 9. 
f. 4. Britain. A very distinct species, 
which differs from Navicula only ny the 
slightly curved ends, Grev. 

C.pachycephaUi (Kab.). — Valves semi- 
lunate, curved, with very convex dorsum 
and gibbous venter, strongly constricted 
beneath tlie produced (;apitate apices; 
strite granulate, somewhat convei-ging, 
7 or 8 in 1-1200". Kab I), p. 22. = a 
eunjctpImUi, Kab. t. 7. f. 10. Servin. 


C. ephhemioides (Kab.). — Valves arcu- 
ate, with convex dorsum, concave venter, 
and produced, obtuse, slightly recurved 
ends ; strife stout, somewhat converg- 
ing, 6 in 1-1200". Kab D. p. 22. = G. 
costata, Kab. t. 7. f. 16. Salzburg. 
Like an Epitliemin, but having a central 
nodule. 

C. Gregorii (Kalfs). — Valves arcuate, 
Avitli convex dorsum, straight venter, and 
slightly produced truncate apices ; strife 
distinct. = C. ti'utmda, Grog, in MJ. iii. 
p. 38, pi. 4. f. 3. Scotland. Small. 

G. turyida (Greg.). — Valves Innate, 
with turgid, convtjx dorsum, nearly 
straight venter, and produced, minute, 
acute apices ; strife very conspicuous, 
about 24 in 001". Greg M.I. iv. p. 5, 
pl. 1. f. 18. Scotland, Aimu-ica. 

C. Plsciadus (Gn^g.). — ^^^alv<^s lanceo- 
late, with conv(‘x dorsum, nearly straight 
venter, and obtuse, sub(?iipitate apices; 
strife about 30 in -001". Grog, in MJ. 
iv. p. 6, pl. 1. f. 20. Britain. 

V. exetsa (K.). — Valves semilunate, 
with sliglitly recurved, produced fipices, 
very convex dorsum, and a straight 
venter, notclu^d at its middle ; strife 16 
in 1-1200". KB. p. 80, pl. 6. f. 17. 
Europe. Minute. 

2 1 Apices neither rostrate nor capitate, 

C. aMnis (K.). — Valves lanceolate, 
with simacutti, scarcely produced apices, 
and the dorsal margin mor»j convex tliaii 
the ventral; strife faint, 19 in 1-1200". 
KB. p. 80, pl. 6. f. 15 ; 8BI). i. p. 18, pl. 30, 
f. 250, = Cocconvma FmuUumj EM. many 
ligures. Europe, Asia, Australia, Africa, 
America. Minute; terminal nodules 
large. 1-1150" to 1-620". 

C. delicaffda (K.). — ^Valves unequally 
and narrowly lanccMdate, smooth. kSA. 
p. 59. France. Minute. 1-1200". 

C. ohtmimcida (K.). — Valve.s lanceo- 
late, with one margin rather less convex 
than the other; apices ^mn; what obtuse, 
not produced; strife fine, 18 to 20 in 
1-1200". KB. p. 79, pl.3. f. 68. Europe. 
1-600". Differs from a Nfivicula only by 
its slightly unequal margins. 

C. Ildcetica (K.). — Valves elongated, 
somewhat arched, slender-lancfiolato, 
with slightly gibbous venter, and rather 
obtu.se apices ; striae line, granulated, 13 
or 14 in 1-1200". SD. i. p. 18, pJ. 2. f. 24. 
ICurope. (xiv. 24-28.) Large. 1-264" 
to 1-240". Front view oblong, trun- 
cate. Akin to C. yastroidesy but more 
.slendtjr, K. 

ij. nmxinia (Nag.). — Valves slender, 
with attenuated, rather obtuse ends, and 



OP THE CYMBELLEJE. 877 


inflated venter; striae 10 in 1-1200." 
KSA. p. 890. Switzerland. 1-180" to 
1-120". 

C. gastrouhs (K.). — Valves lunate^ 
with obtuse apices ; venter slightly con- 
cave, with gibbous centre ; striae granu- 
lated, 11 or 12 in 1-1200". KB. p. 79, 
pi. 0. f. 4 6. Europe, (xiv. 18-20.) 
Large. 

L. truncata (Rab.). — ^Valves as in C. 
gnstroidesy but with broadly truncate 
apices. Rab 1). p. 21 ; C. fulra, t. 7. f. 8. 
= C. gastroidesj KB. p. 79, pi. 0. f. 4 a. 
Europe. 

C. leptoceras (E., K.). — ^\^alves slender, 
arcuate, with gibbous venter and attenu- 
ate apic(5S ; striaj very fine, 17 in 1-1200". 
KB. p. 70, pi. 0. f. 14. = Cocconema lap- 
tocerasj EA and M. many figures. Eu- 
rope, Asia, Australia, Africra, and Amc- 
ricra. Minute ; front vie/vv elliptic-oblong, 
with round(;d ends. 

C. macuUda (K.). — Valves semiorbicu- 
lar, wdth very convex dorsum and stmight 
or gibbous venter ; striie veiy fine, 12 to 
18 in 1-1200". KB. p. 70, pi. 6. f. 2.= 
C. lAinuhty Rab D. p. 28. = Cocconema 
lAmidoy EA and M. many figures. Com- 
mon. Europe, Asia, Africa, America. 
Minute ; front view elliptic, with trun- 
cate ends. 

C. ohtxim (Greg.). — Valves semi-oval, 
with very obtuse apices, convex dorsum, 
and nearly straight venter; strim very 
fine, inconspicuous, about 80 in *001". 
Greg M.T. iv. p. 6, pi. 1. f. 10. Scotland. 
Minute. 

C. ventricosa (Ag.). — ^\'^nlves semilu- 
nate, with very convex dorsum, straight 
venter, and large, distinct terminal 
nodules ; striae mconsnicuous, 80 in 
•001". Ag CD. p. 9; KB.*p. 80, pi. 0. 
f. 10 ; SBl). ii. p. 84. Europe. Minute. 


1-1000". Front view oblong, with trun- 
cate ends. 

C. microstoma (Rab.). — Valves Innately 
curved, with broadly obtuse ends; dorsum 
convex, depressed at the centre ; venter 
concave ; nodules very minute ; strife 
smooth, 7 or 8 in 1-1200". Rab D. p. 22, 
t. 10. f. 8. Persia. 

C. Scotica (S.). — ^\^alves slender, semi- 
lanceolate, with straight ventral margin 
and acute apices; striae 42 in -OOl". 
SI), i. p. 18, pi. 2. f. 25. Britain. 

C. gracilis (E., K.). — Valves slender, 
semilanceohite, with straight or slightly 
concave ventral margin and subacute 
apices ; strife very fine or obsolete, 17 in 
1-1200". KB. p. 79, pi. 0. f. Cocco- 
nema gracilcj EM. several figures. Eu- 
rope, Asia, Africfi, America. Lough 
Moume deposit. Small. 1-840" to 
1-600". 

C. lunata (S.). — ^Valves naiTow, lunah?, 
with slightly concave venter, and rather 
obtuse apices; striae distinct, 24 in 
*001". SBl). ii. p. 84. Grev. in ANIL 
2nd ser. xv. pi. 9. f. 5. Scotland. Di- 
stinguished from C. Helvetica by its 
smaller size and concave venter, and 
from (7. Scotica by its coarser strife and 
obtuse ends, Grev. 

G. carvata (Rab.). — Valves smooth, 
lunate, with convex (iorsiim, sliglitly con- 
cave venter, and obtuse ends. Rab U. 
p. 28, t 7. f. 14. 6. Italy. 

C. ? DiancCy J'J. == Cocconema DianrCy 
EM. pi. 15 A. f. 100 a. Lough Mourno 
deposit. Small. Valves lunate, with 
convex dorsum, concave venter, and ob- 
tuse apices. 

0. ? Naricula = Cocconema Naricuki^ 
EM. pi. 17. 2. f. 85. Finland. — Valve 
lanceolate, with the dorsum rather more 
convex than the venter. 


Genus COCCONEMA (Ehr.). — Frustulcs cymbiform, stipitate ; later jil 
surfaces lunato^ striated, and divided unequally by a longitudinal line witli 
median and terminal nodules. Tho frustulcs arc similar in form to those of 
CymbcUa, and when detached, their proper genus is often doubtful ; the lower 
margin, however, is less frociuently convex than it is in Cymbella. 


CficcoNEMA lanceolatum (E.). — Front 
view lanceolate, truncate ; valves elon- 
gated, arcuate, or semilanceolate, centre 
* of venter gibbous ; strife moniliform, 21 ; 
in 001". El. t. 19. f. G ; SBD. i. p. 75, 
pi. 23. f. 219. Europe, Asia, Australia, 
Africa, America, (x. 194, 195.) Length 
1-210" to 1-120". Ventral margin of 
frustule nearly straight, with slightly 
gibbous centre ; stipes dichotomous, 
articulated. 


C. aspermn (E.). — ^Ilabit and sizQ of 
C, lanceoUitumf but with strife denticu- 
late or inteiTiiptod by puncta. EM. 

; many figures. Australia, Asia, Aine- 
■ rica ; fossil. Franco. 1-288". We fear 
this form is scarcely distinct from C, 
lanceolatum, 

C. fossile, EM. t. 19. f. 57. Greece. 
Ehrenberg’s fi^re represents a smaller 
species than U. asperum, with straight 
ventral margin, nearly marginal longi- 
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tucliual line and nodules^ and denticulate 
strife. 

C. — Pulvinatej valves 

slender, sublunato, with attenuated ends 
and obtuse apices ; striie very line. 
KS A. p. 890. Rocks in sti*canis. Switzer- 
land. J jarge ; stipes long, articulated ; 
frustulos in front view lanceolate. 

G. cornutum (E.). — Valves slender; 
lunate, gradually tapering into long ends, 
with obtuse apices ; venter concave, gra- 
dually tumid at its middle. EM. pi. 15 a. 
f. 94. America, Berlin. Lough Aloumo 
deposit. Large ; dillers from V, Ittnceo- 
hifum in its more slender and tapering 
form. 

C. Mvxicanurn (E.). — Stout; valves 
lunate, with obtuse, slightly produced 
ends; ventral margin slightly tumid; 
dorsum very (convex ; striae 18 in 
1-1152", distinctly and elegantly granu- 
lose. EAl. pi. dd. 7. f. 0, 7. Mexico. 
Large. 1-200". 

C. Cistiila (E.). — Valves lunate, with 
very convex dorsum, and the con(;ave 
venter tumid at its centre ; stipes elon- 
gated, lilifoiTU, subsimple. Kf. t. 19. 
f; 7 ; SBD, i. p. 70, pi. 20. f. 221. = 6V;/n- 
phoiwma semi-ef/ip/icmit, Ag CD. p. d»‘> ; 
fr. sitHpleXy K8A. p. d7. Europe, Asia, 
America. (x. 190-198.) 1-1150" to 

1-400". Front view elliptic-oblong, 
with obtuse ends. 

C. (ircficum (E.). — Habit of C. Cintulay 
but with stronger and fewer striie, 12 to 
Id in 1-570". ERBA. 1840, p. 12. 
Greece. 1-575". 

C. hiceps (E.). — Valves turgid, semi- 
oval, eacli ends in a flat and tumid mar- 
gin, suddenly rostrate, obtuse ; sides 
longitudinally sulcate and transversely 
striate. lilillA. 1845, p. d02. Alariiie. 
India. 1-570". oi C. Cintida, 

C. cymhiforme (Ag., E.). — Slender; 
valves lunate, with somewhat obtuse 
apices; venti^r straight or slightly (-on- 
cave, with rather tumid centre ; stipes 
intricate, forming a compact gelatinous 
mass. El. pi. 19. f. 8 ; SBIJ. i. p. 7<», 
pi. dd. f. 220. = CyniheUa cymbij^nrmisy 
Ag CD. p. 10; Frmtulia cymhiformhj 
KSA. Europe, Asia, America, (xii. 
40.) 1-500" to 1-150". Transverse 

atria3 10 in 1-1200". Front view liiujar- 
lanceolato, with truncate (uids. It fomis 
a brownish compact covering on rocks, 
which is frequently of considerable 
thickness and extent. 

C. ? acutum (E.). — Slender, slightly 
curved, smooth (?), with acute ends; 
ventral margin slightly tumid in the 
middle. EA. p. 128. Labrador, Falaise?. 


Small ; habit of a ciinx'd Niwicula am- 
phioxys. 

C. tumidum (Brdb.). — Valves scmiilu- 
iiato, with obtuse, scarcely produced 
ends; ventral margin nearly straight; 
front view lanceolate, with truncatti 
apices. KSA. p. 00. Franco. Small. 
1-670". Strim 10 in 1-1200". Stipes 
elongated, filiform, simple. 

C. affina (K.). — Valves lunate, with 
very convex dorsum; stipes intricate. 
KSA. p. 59. Fkiucc. Aliniite. Resenihhs 
CymheUa hut is stipitato. 

'C.yibhum (E.). — Valves somielliptm, 
with truncate, slightly prodnc(id apices ; 
transverse striae very delicate. KB. t. 0. 
f. 0. Europe, Asia. (xiii. 10.) 1-480". 
/3 sessile. Stipcis obsolete. = Cyrnbella 
OrsiHiattUy Rah I). p. 2d. 

C. Arcus (liJ.). — Semilunate, witli ob- 
tuse apices; dorsum v(irv convex, vi-nter 
not gibbons. EM. several figures. Asia, 
America, Lough Alunriio deposit. 

C. parvum (S.-). — Valvtis Innate, with 
subacute ends; ventral margin scarcely 
gibbous ; front view nearly linear. SBI). 
i. p. 7(),j[)l. 2d. f. 222. (vii. 47.) (dilf, 
Beachy Hoad. Minute. *0009" to 0010". 
Striae 21 in '001". 

C. Snxouicum ( Rab.). — Valves semi- 
lunate, with acute ends ; ventifil imiigin 
straight or slightly concave ; dorsum V(u-y 
convex ; sirim faijit. Rah i). p. 24, t. 10. 
f. 11. Saxony. Alinute. The front 
view is ligureci as oblong* with truncate 
ends, and the stipes dilated beneath the 
fru8tul(\ 

C. Boeckii (E.). — Valves elongated, 
lanceolatt!, witn subacute apices ; front 
view liiicar-lancoolate, obtuste ; striae 20 
in 1-1200". ^E Inf. t. 19. f. 6.=^Oompho~ 
nema lanccofdtum, Ag CD. p. d4; Dory- 
pliora Boccldly SBD. i. p. 77, pi. 24. f. 22d. 
Marine. Europe. Largo. 1-210" to 
1-120. Stipes dichotomously divided. 
(vii. 48.) 'riiis species is no doubt 
wrongly referred to Cwconenia., since 
both margins of tin*, lateral valves arc^ 
symmetrical. Wo rcigard it as a stalked 
Navicula, and find a cent;ral, though in- 
conspicuous, nodule -a fact which, wo 
think, forbids it bedng placed in Dbry- 
phora as Professor Smith propost'd. 

Species known to ns only by name. 

0. subtile (E.), Asia, America; C. 
chifpilatum (E.), Georgia; C. Javani- 
cum (E.), Java; C, Araucanice (E.), 
America. 
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Genus SYNCYCLIA (Ehr.) — Frustules cymbiform, connected in a circular 
manner within an amorj^hoiis gelatinous substance. Whenever the lateral 
surfaces arc inclined to each other by the different extension of the two pri- 
mary surfaces, the associated scries must bo formed circularly” (Mcneg.). 


Syncyctja Salpa (E.). — Frustules 
semi-oval, smooth, mostly connected, in 
sixes, into short tubes or rings ; colour- 
ing matter pale green. E Inf. p. 
t. 20. f. 11 ; KSA. p. (51. Marine, near 
Wismjir. (vii. ; x. 20(5.) I^ongth 
1-2300" to 1-570". When dry, longi- 
tudinally plicate. 

S. quatemavia (E.). — Frustules binate 


or quaternato, smooth ; colouring matter 
golden- or reddish-brown. EllBxV. 18-10, 
p. 22 ] KSA. p. (51. Marine. Europe. 
1-804". 

Species known to ns only hy name. 

8. yramilata (E.), Georgia ; S. Am- 
phora (10.), Palestine. 


Gemus ENCYGNEMA (Kiitz.). — Fmstules (jymbiform, arranged in longi- 
tudinal series within siibmembranous tubular filaments. Valves divided 
unequally by median line and nodules. ‘‘ Eucyoiiema differs from Schizo- 
nema and other frondose genera of Diatomaccm in the foim of its frustules, 
a single frustulc resembling one of Cymbella or Cocconcma. It is more 
probaldc that some bodies, which arc really congeries of the ova of i?ertain 
insects, will be at first sight classed with Encyoncma ; but these ova, altliough 
cymbiform and airangod in longitudinal series, are neither siliceous nor 

striated The lateral surfaces of the frustulc, being convex, are obsciTcd 

in the front view, in which also the frustules are quadrilateral, with two 
puncta at each end. Tliese puncta are less easily discerned in the dorsal 
view, and tlui dorsum is longitudinally convex. The lateral view is semi- 
elliptic, witli numerous transverse stria), which arc interrupted, as in Cocco- 
ncma, by a longitudinal pellucid line” (Ilalfs). Professor Smith says tliat the 
frustules of En(*,yoiiema, even when removed from the frond, may be distin- 
guished from those of Cymbella, as the terminal nodules of the median line 
in Cymbella are phiced at the extremities of the valves, while in Encyoncma 
they arc removed to some distance above, and occupy a place nearer the 
central nodule.” 


ExcYONEMA/jros^rrt<?«y/t (Berk., Ralfs). 
— Filaments subsimple ; valves with 
rounded, mostfr incuiwcd ends; strise 
18 ill 001". Length -OOIG' to -0024". 
ihills, A-NIT. Ist ser. xvi. pi. 3. f. 3; 
ESA. p. 01 ; SI), ii. p. 08, pt. 54. f. 345. 
= Monema prostratum, Berk BA. pi. 4. 
f. 3 ; SchizoHema prostratum, Grev Bbl. 
p. 414; J^ncyonema jiaradoxum, E Inf. 
p. 237 ; (rlmmema Lcihleini, Ag Cl), 
p. 31 ? Europe, Asia, America. The 
valves have a depression beneath each 
apex ; sometimes the depression is xovy 
sligliE at others so deep and notch-like 
that the ends become rostrate. The 
former condition is the E. paradoxum of 
•Kiitzing. (vii. 49 ; xiv. 22.) 

E. Auerswaldii (Bab.). — ^Valves with 
very convex dorsum, slightly gibbous 
venter, and contracted, produced, obtuse 
ends ; stria) 11 or 12 in *001". llab I), 
p. 24, pi. 7. f. 2. l^eipzig. 

K. coispitosum (K.). — Filaments erect, 
tufted, much interwoven ; valves with 


convex doi’sum, slightly tumid venter, and 
straight, slightly produced, obtuse ends ; 
stria) 24 in -001". KSA. p. 01 ; 8B1). i. 
p. 08, pi. 55. f. 340. =-E. jn'ostratnm, KB. 
p. 82. Europe. The frustules are 
smaller than those of E. prostratum. 

E. trianyulum (E., K.). — Valves with 
very convex, gibbous dorsum, slightly 
convex venter, and product'd, acaite 
apices. KSA. p. 02. = Glmmema trian- 
gulam, EUBA. 1815, p. 77 ; EM. i. 35 a. 
7. f. 10. River Niagara. Dorsum so 
turgid as to give the valve a triangular 
outline. It is a very remarkable cir- 
cumstance, that 1 often found two diflcr- 
ent sorts of frustules in the same tube 
— one very delicate and straight like a 
Naunema, the other the large curviid 
kind. Even to the present moment I 
cannot explain this phenomenon; for both 
scfrts were in consicferable quantities and 
quite free, and therefore it is diiticult to 
suppose one a parasite ” (E.l. 

E. Sinmsis (E.). — Valves oblong, 
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striated, with the habit of Cocconema, 
but suddenly reflexed under the very 
obtuse apices in the nianner of Eiinotia. 
= Glfconema Simnse, EKBA. 1847, 
p. 484 ; EM. China, Java. Ehvenberj^’s 
tig^ire represents the valve distinctly 
striated, with straight venter, very ob- 
tuse, rounded ends, and the dorsal mar- 
gin v(‘ry convex, and curv’ed upwards at 
each end. 

E. ijmcile (Eab.). — Valves slender, 
with truncate apices, slightly gibbous 


middle and indistinct striae. Rab D. 
p. 20, pi. 10. f. 1. Sidzburg. Fmstules 
minute. 

Doubtful Species, 

E. glohtferum (Ag.). — Filaments ab- 
breviated, frustules simple or binately 
conjoined, hyaline, with a globule in the 
miadle. = (/lobiferuin, Ag (R). 

!p. 01. Italy. 

; E. Arcus— Glopoiiema Arcus f ERBA. 

: 1850, p. 303, f. 20. Africa. 


Genus AMPHORA (Ehr.). — Frustules free, cymbiform ; lateral view lunate 
or arcuate, wnth a nodule at the middle of the ventral margin ; front view 
with the median lines and nodules of valves approximate and within the 
margin. The frustules arc mostly vciy thin, hyaline, and imperfectly sili- 
(lous: their form is peculiar; and Professor Arnott, who has given in the 
sixth volume of the ‘Microscopic Journal’ a detailed account of their structure, 
aptly compares it to that of ‘‘ a coffee-hean rounded on the hack and hollowed 
out in front.” Many of the species arc insufficiently known ; they should ho 
^iewed in front, hack, and side. Fortimatcly, from their hyaline nature, the 
dorsum and venter can in most cases he examined merely bj" the alteration of 
the focus. The lateral view closely resembles that of a Cymbella, hut lias tlic 
nodule marginal. The front view is usually barrel-shaped, OAving to the con- 
vexity of the valves, Avhich are so cuiwcd inwards that their central nodules 
are more or less approximate and frcciucntly appear nearer to the connecting 
zone than to the margins. The portions of the valves interior to the median 
line are inconspicuous, and rarely afford diagnostic aid ; whilst the portions 
exterior to the median lines are important, offer the best vicAV of the trans- 
verse strise, and vary in shape according as the median line appears straight, 
concave, or flexed. In our descriptions we call these latter the outer por- 
tions, and Avhen they project iiiAvards at the centre in a cuneate manner, or 
iippear inflexed, wo term them canoe-shaped. The dorsum is convex, shows 
no nodules or lateral valves, and is mostly marked by longitudincd lines 
between longitudinal series of short, transverse striae, like' the connecting 
zone of Striatclla, but unaccompanied by internal plates. The late Pro- 
fessor Gregory, who directed attention to these faftts, believed that Amphora 
could be divided into two groups — simple and complea;, from the absence or 
presence of this structure. His arrangement, however, we arc unable to 
adopt, because in many species a decision is difficult ; and indeed we think 
that the longitudinal lines, so common if not invariable, indicMte the complex 
structure, although the hyaHne nature of the frustules may interfere with its 
detection. In Amphora the specific characters arc taken, almost constantly, 
from the front view, and not from the lateral one as in most other genera of 
Diatomacem ; and as the connecting zone varies greatly in breadth according 
to ‘the condition of the frustule, due allowance must be made for that fact. If 
division has recently taken place, the connecting zone will be narrow, and the 
ends of the frustule less broadly truncate than just previous to that process. 
For the same reason we believe that the number of longitudinal lines varies 
and affords no aid in distinguishing the species. Amphora contains several 
species of Agardh’s genus Cymbclli^, and ought, in our opinion, to have re- 
tained that generic appellation. Because of its cymbiform frustules, we have 
removed this genus from the Naviculea), where Kutzing placed it ; the same 
reason, added to the presence of median lines and nodules, compels us to 
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place it with the Cymbellese instead of with the Surirelleac, as Rabenhorst 
has done. 


* Frusiules in front view distinctly 
comtHcted at the middle. 

Amphoiia himdis (Oreg.). — ^Frustules 
consiriotod at tho middle ; lobes inflated 
at tho base, with broadly linear, sub- 
trimcate ^nds ; transverse striie obscure, 
about 30 in *001". GDC, p. 38, pi. 4. 
f. 67. Marine. Scotland. Resembles 
tlie next species, but is smaller, with 
more rounded inilations and obscure 
stri.vn, Greg. 

A. anyularis (Grog.). — Frustules sinu- 
ato-constricted at the middle ; lobes an- 
gularly iiiflahid, with short, broadly 
linear, truncate, produtiod ends ; striae 
distinVit. Greg. MJ. iii. p. 30, pi. 4. f. 6. 
(vii. 60.) Diifers from A. binodis by 
haying angular inflations and coarser 
strijo. 

A. hjrata (Greg.). — Frustules con- 
stricted at the middle; lobtis with in- 
flated base and truncate end; nodules 
transversely dilated ; stiim distinct. 
GDC. p. 48, pi. 5. f. 82. Marine. Scot- 
land. Strife fibout 30 in *001" ; connect- 
ing zone with longitudinal lines. 

A. Milcmtna (Greg.). — Frustules 
linear, with slightly constricted middle 
and truncate ends, fimiished with longi- 
tudinal lino's and conspicuous transverse 
striae. GDC.*p. 40, pi. 5. f. 83. Scot- 
Land. Strife about 28 in *001", Greg. 

2 * Frustules not pnmlurifonn : nodules 
trafisvcrsely dilated and har-like, 

A. 7nembranacea(S.). — Frustules ellip- 
tic-oblong, with rounded ends; valves 
with a central transverse band, and very 
close transverse striae ; connecting zone 
with longitudinal lines. SI3D. i. p. 20, 
t)l. 2. f. 20 ; Ro MJ. vi. p. 24, pi. 3. f. 8. 
Brackish water. Europe. (vii. 61.) 
Scarcely silicious. 

A. kevissima (Greg.). — Frustules very 
hyaline, linear-oblong, with rounded 
ends ; outer portions of valves slender, 
tapering, with a transverse nodule, and 
obsoieto or indistinct strife. GDC. p. 41, 
pi. 4. f. 72. Scotland. 

A. /<®m(Greg.). — Frustules very hya- 
. line, linear, with subtruncate ends j outer 
portions of valves very narrow, with a 
transveme nodule and indistinct stria). 
GDC. p. 42, pi. 4. f. 74. Scotland. Outer 
portion of valve canoe-shaped ; striae 
about 60 in *001". 

A. minutissiina (S.). — ^Frustules para- 
sitic, very minute, oval or suborbicular, 


with transversely dilated nodules, and 
64 obscure stria) in -001". SBD. i. 
p. 20, pi. 2. f. 30. Fresh water. Para- 
sitic on other Diatomacea). 

A. rfwiosrt(E.). — Germany. Frustules 
elliptic-oblong, with rounded ends, nar- 
row lunate outer portions, transverse 
nodules, and no striae. EM. pi. 13.2. 
f. 17. 

A. eleyans (Greg.). — Frustules oval, 
witli truncate ends ; outer portion of 
valves lunate, with transverse nodule, 
and very fine, inconspicuous, transverse 
strife, tireg. TM. v. p. 70, pi. 1. f. 30. 
Scotland. 

A. ostrearin (Bia5b.). — Frustules hya- 
line, elliptic-oblong, with rounded ends ; 
outer portion of valves narrow, canoe- 
shaped, with transverse nodule and di- 
stinct strim ; dorsum with numeroiLS, 
very delicate longitudinal lines. Br(5b. 
in KSA. p. 94. Marine. France. Lateral 
view lunate, with convex dorsum and 
straight venter. 

A. quadrala (Breb.). — Frustules hya- 
line, quadrangular, with truncate ends ; 
outer portion of valve small, infl(*xed, 
with transverse nodule; dorsum with 
numerous, very delicate longitudinal 
lines. KSA. p. 05. Marino. France. 
Lateral view very narrow, lunate. A. 
quadrata dillers from A. ostrearia by its 
straight margins and truncate ends. 

A. rectanyularis (Greg.). — Frustules 
narrow, linear, with truncate ends ; 
valves with a transverse nodule, and 40 
tine transverse strife in *001”. Greg. 
TM. V. p. 70, pi. 1. f. 29. Scotland. 

A. 7wbilis (Greg.). — Frustules very 
hyaline, barrel-shaped, with truncate 
ends ; outer portion of valves very nar- 
row, arcuate, with transverse nodule, 
and fine transverse strife; dorsum with 
longitudinal lines. GDC. p. 40, pi. 6. 
f. 87. Scotland. Large ; strife about 
40 in •001"; ventral margin of valves 
concave. 

A. acuta (Greg.). — Frustules elliptic, 
with truncate ends; outer portion of 
valves arcuate, with straight median 
line, transverae nodule, and distinctly 
moniliform, transverse strife. GDC. 
p. 52, pi. 5, 6. f. 93. Scotland. Large ; 
strife about 36 in ’OOl". 

A. litoralis (Donkin). — Frustules oval, 
with truncate ends ; outer compartment 
canoe-shaped, with distinct moniliform 
strife and transverse bar-like nodule; 
dorsum with longitudinal series of short 
3l 
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transveise strice. Donkin in TMS. vi. 
p. 30, pi. 3. f. 16. Marine. Northumber- 
land. (vii. 62.) 

3 * Frmtules toith prodtwed or rostrate 
mds and roundish nodules, 

A. aponina (K.). — Frustules lanceo- 
late-elliptic, with produced, truncate 
apices, and no longitudinal lines. KB. 
p. 108, pi. 6. f. 33. Italy. Minute. 
1-1080" to 1-C60". 

A. coffeoiformts (Ag., K.). — ^Frustules 
lanceolate, wdth produced, obtuse .apices, 
strong marginal longitudinal lines, and 
faint or obsolete median ones. KB. 
p. 108, t. 6. f. 37. = Frustidia coffea- 
formiSf Ag. ; Nai'iculn quadricostatUf E 
Inf. t. 21. f. 0. ^3. Fischerif with fewer 
marginal and obsolete median longi- 
tudinal lilies. Carlsbad, 1-1720" to 
1-480". 

A. ncutiuscidii(lv.). — Frustules turgid- 
lanccolate, with acuminated, subacute 
apices, and strong marginal longitudinal 
lines. KB. p. 108, t. 6. f. 32. Marine. 
Genoa. Small. 1-576". 

A. lineata (Greg.). — Frustules elliptic- 
lanceolate, with prolonged conic ends 
and conspicuous longitudinal lines ; 
transverse strim fine, obscure, about 42 
in *001". GDC. p. 40, pi. 4. f. 70. Scot- 
land. Outer portions of valves narrow 
lunate, with convex dorsum and straight 
venter. 

A. Frgadensis (Greg.). — Frustules 
elongated lanceolate, with broad, slightly 
produced, truncate ends; transvei’se stria) 
conspicuous, about 24 in *001". GDC. 

40, pi. 4. f. 71. Scotland. Ueniarkablo 
for its length. Outer portions of valves 
slender, with nearly straight venter. 

A. exiyua (Greg.). — ^Frustules elliptic- 
lanceolate, with slightly produced, ob- 
tuse ends ; transverse strife about 28 in 
•001". GDC. p. 42, pi. 4. f. 75. Scotland. 
Small ; in size and form it approaches 
nearest to A, lineata, but its markings 
are totally different, Greg. 

A. Semen, JtlM. pi. 38. 17. f. 10. Ice- 
land. In the figure, this .species is ven- 
tricose, with broad, shortly produced, 
truncate end.^ and without strim. 

A. salina (S.). — Frustules elliptic-ob- 
long, with slightly produced, tnincate 
extremities ; valves limate, rostrate, 
with 64 stria) in 001". SBD. i. p. 19, 
pi. 30. f. 251. Brackish water. Sussex. 
Scarcely silicious. *0008" to *0016", S. 

A. turgida (Greg.). — Frustules broadly 
elliptic or suborbicular, with short ros- 
trate apices ; outer portions semilunate, 
with capitate apices, and 24 rather 


coarse radiant strio) in *001". GDC. 
p. 38, pi. 4. f. 63. Scotland. Small. 

A. monUifera fGreg.). — Frustules 
elliptic-oblong, witn short, broad, ros- 
trate ends ; outer portions arcuate, with 
capitate, recurved apices; dorsum with 
converging longitudinal rows of distant 
dots. GDC. p, 39, pi. 4. f. 69. Scotlanf 

A. cymhijera ((ireg.).— ^Frustules in- 
flated, with short, subcapitate, rostrate 
apices ; outer portions arcuate, with 
capitate, recurved ends, and 22 rather 
coarse tmnsverse stnio in ’OOl'' ; con- 
necting zone witli converging longi-* 
tudinal bars. GDC. p. 54, pi. 6. f. 07. 
Scotland, (vii. 64.) T-iarge ; dorsum 
furnished with longitudinal scries of 
transverse striae, separated by longi- 
tudinal lines or bars. 

A,prohoscidea (G.). — Frustiihjs linear- 
oblong, with produci;d, truncate (*xtre- 
mities ; valves arciiat(‘, wdth rostrate, 
capitate ends, and 20 coarsii transverse 
stria) in ’001" ; dorsum with longitudinal 
senes of transverse striae. GDC. p. 64, 
pi. 6. f. 98. Scotland. Large. The 
capitate beaks of the valves are longer 
than in A, cgmbtfera, and are not re- 
curved, but bent forw'ards, 

A. costata (S.). — Frustules ventricose, 
with short, broad, truncate beaks, longi- 
tudinally costate ; costco with a double 
line of monilifonn puncta. SBD. i. 
p. 20, pi. 30. f. 263. Marine. Britain. 
Valves semilunate, with tapitate ends ; 
transverse striae coarse, about 16 in 
•001", Greg. 

A. Terroris (E.). — Valves elongated, 
straight, semilunate, suddenly attenuated 
into stilifonn beaks ; transverse strim 
strongly gi’anulated, 19 in 1-1200". 
ERBA. 186;v, p. 626 ; EM. pi. 35 a. 23. 
f 2. Akin to A. fasckita, out smaller 
and more strongly granulate, E. 

A. madlenta (Greg.). — Frustules nar- 
row elliptic-lanceolate, with short, 
broad, slmhtly produced apices; outer 
portion of valves with straight ventral 
margin, and about 30, rather coarse 
parallel Rtria3 in -001". GDC. p. 38, 
pi. 4. f. 65. Scotland. 

A. granulata (Greg.). — Frustules 
linear-oblong or elliptic-oblong, with 
short, broad, tnmeate, sliglitly produced 
apices; outer portion of valve with 
straight ventral margin, rostrate apices, 
and from 24 to 30 transverse strim in 
•001" ; dorsum having longitudinal lines 
alternating with series of granules. 
GDC. p. 53, pi. 6. f. 96. Scotland. 

A. ventricosa (Greg.), — Frustules lan- 
ceolate, with turgid middle and tapering 
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obtiiso ends ; outer portions slender, 
arcuate, with slightly concave venter, 
acute ends, and about 22 con^icuous 
transverse striao in 001". GDCf p. 39, 
pi. 4. f. 68. Scotland. 

4* Fnistules neither constricted at the 

7nuldle nor rostrate at the ends ; nodules 

roundish. 

A. ovalis (K.). — Fmstules turgid, oval, 
with broadly rounded or truncate ends ; 
outer portion of valves canoo-ahaped, 
with 24 distinct moniliforin striae in 
•001" ; conTiccting zone with very fine 
longitudinal lines. KH. p. 107, t. 6. 
f. 35, 39. = Navimla A^nphora, bl Tnf. 
t. 14. f. 3. Fresh water, fi*cquont. Eu- 
rope, Africa, (vii. 56: ix. 153.) Largo. 
1-456" to 1-120". 

A. Lihi/ca (E.). — Fruatiiles oval, with 
with broadly rounded or truncate ends ; 
lateral view semi lunate, with very con- 
vex dorsum, obtusci ends, and slightly 
concave venter. V]\. t. 3. 1. f. 42; EM. 
many ligurcs. Apparently the most 
common species, since Ehrenbcrg gives 
upwards of 100 habitats for it in Europe, 
Asia, Africa, and AiiKjrica. Lough 
!Mourno deposit, (xii. 38.) Wc are 
unable to distinguish tliis foim from A. 
ovalis, and probably these have been 
confounded ; wo believe they are in 
Sill)., because there no species but A. 
ovalis is noticed as occiui’ing in the 
Lough Mourno deposit, whilst Ehron- 
berg only mentions this species as found 
in it. Ehrenberg’s liguriis and descrip- 
tion do not enable us to decide ; for tne 
latter is too indefinite, and the former 
vary so much as apparently to belong to 
more than one species. Almost the only 
characters the figures have in common 
are the oval fonn and striati;d valves. 
Tho median lino is either concave, 
straight, or produced at the nodule ; and ] 
the connecting zone is figured sometimes 
smooth, and sometimes with longitudinal 
lines. 

A. peUucida (Greg.). — Fmstules very 
hyaline, oval, with broadly roundea 
ends: outer portions of valves canoe- 
shaped, with about 30 very delicate striie 
in 001". GDC.p. 41,pl.4.f.73. Scot- 
land. Resembles A. ovalis in form, but 
’differs in its marine habitat, very hyaline 
aspect, and singular delicacy of the strim. 
The latter characters distinguish it also 
from A. incurva, Greg. 

A. truncata (Greg.). — Frustules barrel- 
shaped, with truncate ends ; outer por- 
tions of valves canoe-shaped, striated; 
dorsum with longitudinal series of short 


transverse striae. GDC. p. 4.3, pi. 5. 
f. 77. Scotland. Large. 

A. lineokita (E.). — Fmstules turgid, 
elliptic-oblong, with truncate apices, 
strong longitudinal marginal lines, and 
very fine ones in the connecting zone. E 
Inf. 1. 14. f. 14 ; EM. pi. 13. 1. f. 19 ; Rab 
D. pi. 9. f. 9, 10. Fresh water. Europe, 
Africa, America. 1-480" to 1-140". l^o 
figures refeired to represent the fi’ustule 
as largo, barrel-shaped, with canoe- 
shaped outer portions. 

A. Orcfforii. — Frustules barrel-shaped ; 
outer portions canoe-.shaped, with about 
34 transverse striie in -00 1"; dorsum with 
longitudinal series of short transverse 
strim. =.4. quad rata, GDC. p. 49, pi. 6. 
f. 85. Scotland, l^nds truncate. 

A. Grevilliana (Greg.). — Fmstules 
broad, linear, oblong or baiTel-shaped ; 
outer portions canoe-shaped, with from 
28 to 34 distinct, moniliforin transverse 
strim in -001 " ; dcirsum with longitudinal 
series of transverse strife. GTM. v. pi. 1. 
f. 36 ; GDC. p. 50, pi. 5. f. 89. = A. com- 
plexa, GDC. p. 61, pi. 5. f. 90 ; A. fasainta, 
GDC. p. 5 1, pi. 6. 1. 91. Scotland. Largo ; 
ends tmucato. 

A. sulcata (Br^b.). — Fmstules hyaline, 
oblong or elliptic-oblong, with tnmeato 
ends ; outer portions canoe-shaped, with 
38 trails viu'se strife in *001"; dorsum 
with longitudinal series of transverse 
strife. BD. pi. 18. f. 8 ; GDC. p. 61, 
pi. f5. f. 92. France, Britain. Large ; 
differs from A. costata in its not produced 
but truncate apices, Brdb. 

A. rohusta (Greg.). — Frustules broadly 
oval, with rounded ends and canoe- 
shaped outer portions ; transverse striaj 
distinct, raonilifonn, 16 in *001". GDC. 
p. 44, pi. 6. f. 79. Scotland. I^arge ; 
conspicuous fi*om its size and stoutness. 

A. Proteus (Greg.). — Frustules barrel- 
shaped or oblong ; outer portions canoe- 
shaped, with 22 finely monilifomi trans- 
verse striffi in ’OOl". GDC. p. 46, pi. 6. 
f. 81. Scotland. Large, with truncate 
apices. Varies much in form and length. 

A. Arcus (Greg.). — Frustules barrel- 
shaped; outer portions narrow, canoe- 
shaped, with 16 to 18 coarsely monili- 
form strife in *001" ; dorsum with longi- 
tudinal series of monilifomi transverse 
strife. GMJ. iii. pi. 4. f. 4 ; TM. v. pi. 1. 
f. 37 ; GDC. p. 60, pi. 6. f. 88. Scotland. 
Largo, with truncate ends. Tho fmstulo 
h}is the form of a barrel, with ribs and 
bars. It is distinguished from A. Gre- 
viUiana by its coarsely moniliform striss. 
Detached segments resemble in form a 
strung bow with rostrate apices, 

3 L 2 
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A.- veneta (K.). — Frustules minute, 
elliptic-oblongf, with truncate ends ; 
lateral view somielliptic. KB. p. 108, 
t. 3. f. 25. Marine. Venice ana Con- 
stantinople. 

A. borealis (K.). — Frustules minute, 
oblong-lanceolate, with acute or trun- 
cate apices; lateral view semilanceolate. 
KB. p. 108, pi. 3. f. 18. Heligoland. 
1 - 1200 ". 

A. Hohenacheri (Hab.). — Frustules 
minute, oblong or oblong-lanceolate, 
with three longitudinal lines on eacli 
side. KabD. p. 31, pi. 9. f. 11. South 
Persia. 

A. hi/alina (K.). — Frustules hyaline, 
elliptic-lanceolate, with acute or trun- 
cate apices, and a few, very delicate 
longitudinal lines; transverse strias ob- 
sciu’e. KB. p. 108, pi. 30. f. 18 ; SBD. 
i. p. 19, pi. 2. f. 28. Marine. Europe, 
(vii. 58.) Imperfectly silicious. 1-600" 

A. 7iami (Greg.). — Frustules small, 
narrow elliptic-oblong, with rounded 
ends ; outcu* portions with straight ven- 
tral margin, and about 50 transverse 
strite in 001". GDC. p. 38, pi. 4. f. 64. 
Scotland. 

A. elliptka (Ag., K.). — Frustules 
small, elliptic-lanceolate, turgid at the 
middle, "with attenuated obtuse apices ; | 
valves distinctly striated. KB. p. 108, 
t. 5. f. 31. = Cymhella elliptical AD. p. 8. 
Marine. Baltic. Associated in amor- 
phous mucus, K. 

A. iiavicalaris (E.). — Fiiistules ellip- 
tic-lanceolate, with subacute ends and 
conspicuous transverse striae. EA. p. 122, 
t. 1. 1. f. 12. Africa, America, (xir. 37.) 

A. gracilis (E.). — ^Frustules small, nar- 
row oblong, truncate; valves slender, 
transversely striated. EA. t. 3. 1. f. 4.3 ; 
EM. t. 37. 3. f. 1. Europe, Asia, Africa, 
America, Australia, (xii. 26.) Outer 
portion of valve lunate. 

A. affinis (K.). — Frustules oblong, 
slightly attenuated, with rounded or 
broadly truncate (mices, marked with 
longitudinal lines, the central ones very 
faint. KB. p. 107, t. 30. f. 66. France, 
Britain. 1-960" to 1-390". 

A. marina (S.). — Frustules elliptic, 
witli somewhat truncate extremities ; 
nodule very faint ; • strise 40 in *001". 
ANII. 1857, xix. p. 7, pi. 1. f. 2. Marine. 
France, Britain. *01)06" to *0024". 
(vii. 59.) Not unfrequont, but has be^n 
overlooked from its exact resemblance in 
outline to A. aj^nis ; it may be known 
by its more delicate striae and inconspi- 
cuous nodules, Sm. 


A. dubia (Grog.). — Frustules oblong, 
with broadly rounded ends ; outer por- 
tions stout, with concave venter, obtuse 
ends, and 24 fine transverse stria3 in 
•001". GDC. p. 42, pi. 5. f. 76. Scot- 
land. It has some analogy with A. 
inarina ; but the striation is coarser, and 
nodules distinct, Greg. 

A. ohlonga (Greg.). — Frustules elon- 
gated linear-oblong or elliptic-oblong, 
with conic apices ; outer portions very 
narrow, canoe-shaped, with conspicuous 
nodule, and 24 distinct transverse strire 
in *001". GDC. p. 43, pi. 5. f. 78. 
Scotland. Large. 

A. ehngata (Greg.). — Frustules elon- 
gated, narrow, oblong-lanceolate, trun- 
cate ; outer portions very narrow, canoe- 
shaped, with 26 conspicuous transverse 
striaj in *001" ; dorsum with longitudinal 
lines. GDC. p. 49, pi. 5. f. 84. Scotland. 
I^arge. 

A. angnsta (Greg.). — Frustule.s nar- 
row linear-oblong, truncate; outer por- 
tions with 44 fine transverse striju in 
•001". GDC. p. 38, pi. 4. f. 60. Scot- 
land. 

A. ohtma (Greg.). — Frustules broad 
linear-oblong, with broadly rounded 
ends ; outer portions canoe-shaped, with 
70 very firui transverse strite in ‘OOl". 
Greg. TM. v. pi. 1. f. 34. Scotland. 
Large. 

A. plicuta (Greg.). — Fnistules hyaline, 
broad linear-oblong, with rounded an- 
gles and truncate apices ; outer portion 
canoe-shaped, very faintly sti-iated; 
dorsum with longitudinal lines. Greg. 
TxM. V. pi. 1. f. 31. Scotland. Large. 
The longitudinal lines give a plicate 
appearance to the frustule, Greg. 

A. crassd (Greg.). — Frustules linear 
or linear-oblong, with rounded or siib- 
truncato apices; outer poriions canoc- 
shaptid, with from 12 to 20 cocarse trans- 
verse striffi in *001" ; dqrsum with longi- 
tudinal series of trnn.sverse strite. GDC. 
p. 52, pi. 6. f. 94. z=A. sulcata, Bo. MJ. 
vi. p. 18, pi. 3. f. 7 ?. Britain. Large. 

A. spectabUis (Greg.). — Frustules 
broad linear or linear-oblong, with 
rounded angles and subtruneato api(;es ; 
outer portions canoe-shaped, with 14 to 
16 distinct transverse striie in *001"; 
dorsum with longitudinal scries of trans-' 
verse strioo. GDC. p. 44, pi. 5. f. 80. 
Scotland, (vir. 57.) Largo. 

A. exewa (Greg.). — Frustules hyaline, 
broadly linear or linear-oblong, truncate ; 
appearing notched at the sides from’ the 
marginal position of the nodules ; outer 
portion canoe-shaped, with 52 very fine 
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transverse strine in 001" j doMum with 
longitudinal series of short stride. GDO. 
p. 49, pi. 6. f. 80. Scotland. 

A. arenaria (Donkin).— Frustules hya- 
line, broadly linear, with rounded angles 
and slightly gibbous middle ; outer com- 
partment of valves canoe-shaped ; dorsum 
faintly marlted with longitudinal lines. 
Donkin, ^fMS. vi. p. 31, pi. 3. f. 10. 
Mamie. Northumberland. Large j trans- 
verse striie obscure. 

A. amphioxys (Bailey). — Frustules 
linear, with siibtruncate apices ; lateral ; 
view arcuate, finely striated, with convex ' 
dorsum, concave venter, and rosteUato 
recurved extremities. BMC. p. 39, pL 2. 
f. 20 -22. United States, ^riie side view 
bears a striking resemblance to Eumlia 
amphioxys, Bailey. 

A. hisepata (Greg.). — Frustules elon- 
gated linear, with rounded apices ; 
median line marginal, except at the 
centre, Avhere it curves in wants ^ dorsum 
with lonj^tudinal series of coarse trans- 
verse ati-ijc. Greg. TM. v. p. 71, pi. 1. 
f. 32. Scotland. Large. 

A. tvnera (S.), — Frustules narrow 
linear, with rounded or truncate ends ; 
valve longitudinally rugose j striae ob- 
scure, 02 in 001". SBIX i. p, 20, pi. 30. 
f. 252. Marine. England. Scarcely 
silicious. Professor Smith regarded this 
species as thoyl. lincolata^ hi., — an opinion 
in which we are uuablo to concur, sincie 
its narrow-linear form is very unlike the 
broad iiillated figure of the latter, and 
could never be described Jis turgid, 

A. haciUaris (Greg.). — ^l^mstules nar- 
row linear, with slightly attenuahid, ob- 
tuse ends, outer portions very narrow, 
arcuatt*, finely striated; dorsum with 
longitudinal series of granules. GDC. 
p. 55, pi. 0. f. 100, Scotland. Distin- 
guished from A, ptisilla by its finer strim 
and granules, Greg. 

A. pusilla (Greg.). — Frustidcs narrow 
linear, with subtruncate apices; outer 
portions very narrow, canoe-shaped, 
with 24 conspicuous strioo in •001"; 
dorsum with longitudinal series of gra- 
nules or short striae. GDC. p. 53, pT. 6. 
f. S|p. Scotland. 

A. Erehi (E.). — Lateral view arcuate, 
with obtuse apices, concave venter, and 


I about 25 very fine striae in 1-1200". 
I ERBA. 1863, p. 520 ; EM. pi. 35 a. 23. 
f. 3. Assistance Bay, North Pole. 

A. crystallim(E .), — Frustules smooth, 
crystalline, with convex dorsum, (roncave 
venter, and broadlv trimcato ends. 
ERBA. 1840, p. 10. ‘Tjora. 1-432". 

A.fasctata (E.). — ^Fmstules with con- 
vex dorsum, plane venter, broadly truii- 
cato ends, and longitudinal series of 
closely set, fine stnm. ERBA. 1840, 
p. 11. Tjorn. 1-450". 

A. carinata (E.). — Frustules largo, 
navicular, with plane sides, acute apices, 
and four lateral striated fasciae. ERBA. 
1840, p. 10. Island of Tjom. 1-240". 

A. Atomm (E.). — Very minute, on 
one side elliptic with rounded ends, on 
the other linear and truncate. 1-2040". 

A. JEyeca (E.). — Frustules navicular, 
oblong, truncate, with 10 punctated 
longitudinal lines, oblong umbilici, and 
curved lines ; the space between the 
umbilici with two straight lines curved 
at each end. ERBA. 1858, p. 13. 
-^gean Sea. 

A. sUmroptera (Bailey). — Fmstulea 
elliptical, elongated, with striated mar- 
gins; central portions crossed, as in 
Stauroptera, by a broad band. BC. vii. 
p. 8, f. 14, 15. Ilalifax, Nova Scotia. The 
figure is elongated, acutely lanceolate, 
and the nodides connected by a trans- 
verse central depression. 

Spedesy the descHptiom of which are 
unknown to m, 

A. cymhiformisy EM. pi. 10. 1. f. 43. 
Lateral view semilunate, with convex 
dorsum, straight venter, obtuse apices, 
diverging strim, and submarginal sutural 
line and nodule. 

A. yigrifiy EM. pi. 0. 2. f. 13. North 
Mri(!a. Figure imperfect, large, oval, 
transversely striated; connecting zone 
with faint longitudinal lines. 

A. incurvay Greg. MJ. iii. pi. 4. f. 5. 
Scotland. Lateral portion canoe-shaped 
and finely striated. 

A. paradoxa (E.), A. vidgaris (E.), 
Asia ; A, Nilotica (E.), River Nile ; A. 
occllata (E.), Florida. 


Genus RHIZONOTIA (E.). — Frustules with two median nodules (with 
the character and form of Amphora), but by longitudinal division often 
becoming a mass united together in a longitudinal series by a progeny of 
stolons or silicious radicles. This form is adnate on Confervae, and has many 
fine longitudinal stri®, which appear somewhat rough or granular. The 
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frustulo is very crystalline and transparent. It has internally pale-green, 
almost colourless ova, E. 


Khizonotia Melo (E.). — The lateral 
connecting portions of tlio progeny in 
self-division mostly forked, 3 to 10. 
ERBA. 1843, p. 139. = Rhizosolmia 


Meloy EM. pi. 35. 6. f. 14, 15 ?. Swan, 
Avon, and Canning Rivers in Western 
Australia, (viii. 41.) 


FAMILY XVII.— GOMPHONEMEJE. 


Frustulcs in front view cuneatc, laterally attenuated at the base, with a 
median longitudinal line and a central nodule. Mostly acpiatic. The Gom- 
phonemca) differ from the Moridieee and the licmophoreaj, and the cuneatc 
species of SurireUa, by the median longitudinal line and the central nodule. 
The cuneatc form in the front view distinguishes it from the rest of the 
Diatomaceaj. 


Genus SPHEXELLA (K.). — Frustules in front view cuneatc, free, neither 
stipitate, affixed, nor enclosed in a common gelatinous substance. Aquatic. 
“ The SplieneUm only differ from Na^ulm in their cuneatc form, perfectly 
similar to that of Meridion, by which, too, the associations (8^ anfjustata) 
become flabclliform and quasi-circular ; but they differ by the central nodule 
of the lateral surfaces. Hence there remains a greater similitude to the 
Naviculac ; and the distinctive characters arc so slight, that the generic 
characters of at least two species remain uncertain (Mcnegh. p. 411). 


Spiienella glacially (K*)* — ^linutej 
latex'll view lanceolate, with subacute 
ends aud very delicate transverse striae. 
KB, p. 83, pi 3. f. 16. Monte Rosa, 
Alps. 1-1320". 

S. jmnula(K .'), — Minute ] lateral view 
lanceolate, with produced ends, the base 
subdilated. KB. p. 83, pi. 30. f. 63. 
France. 1-960". Stria) indistinct. It 
cannot be distinguished from a Navicula, 
except on a front view. 

S. angmtata (K.). — Minute, ilabel- 
lately conjoined, nan-ow linear, cuneate, 
lateral view lanceolate, with obtuse 
ends. KB. p. 83, pi. 8. f. 4. Gennan}", 
France, (xiv. 30.) 1-960". 

S. vulgaris (K.). — Small ; lateral view 
finely striated, dilated at the middh*, 
and tapering to the stout bealt-like 


ends. KB. p. 83, pi. 7. f. 12. Germany, 
Franco. 1-1020". 

S. ohtusata (K.). — Small ; lateral 
view smooth, dilated above the middle, 
with roimded obtuse apices. KB. p. 83. 
pi. 9. f. 1. Prussia, (xiv. 31.) 1-900". 
Lateral view clavate-lanceolate. 

S. rostellata (K.). — Solitary, smooth, 
broadly cuneate ; lateral view dilated at 
the middle, acuminate at each end. KB. 
p. 83, pi, 9. f. .3. (i. clongatUf larger, 

with produced, obtuse ai>iccs. France. 
1-1820" to l-,336". 

S. ? Italica (K.). — Broadly cuneatc ; 
lateral view obovato, slightly dilated at 
the middle, and wuth a transverse me- 
dian nodule. KSA. p. 63. = (Jompho- 
nema ItaKcum, KB. t. 30, f. 75. 


Genus GOMPHOXEMA (Ag.). — Frustules affixed at the base or stipitate ; 
in front view cuneate ; laterally attenuated below, with a median longitudinal 
line and central nodule, As Cocconcma from Cymbolla, so Gomphondmu 
only differs from Sjdienclla by the stipes, on which account species are now 
referred to Gomplionema which formerly belonged to Sphenella. . . . Kiitzing 
supposes the Gomplioncmac to be at first free, like Splienella, and that after- 
wards they affix themselves. . . . Xo direct observation confirms this hypo- 
thesis ; and it is at least as just to admit the other, that the Splienellae are at 
first attached like the GomphoncmaQ and afterwards become free. Ehrenberg 
^ ^ Gomplionema) can become free and again adhere ” (Mcnegh. 

P- 12). Hio descriptions apply to the lateral view, unless otherwise stated. 
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* Frmtule^ in lateral view comtrict/.*d 

7ieath tlie apeXy appearing urn-shaped, 

t Lateral view witli the head apiculato 
or acute. . 

Gomphonema coronatiim (E.). — Slen- 
der, with ventricose middle, obcordate 
apicuhite head, and lanceolate base j front 
view crested at apex. EM. pi. 0. 1. f. 33. 
= 6r. acimihiaium )3, Sni ). i. p. 79, pi. 28. 
f. 238 Europe, 'America, Asia, Aus- 
tralia. (xiv. 3(5.) G, coronatum is di- 
stinguished from the alli(M forms by its 
inflated basal portion ; but the lower 
inflation is sometimes veiy obscure, and 
we believe Professor Smith was justified 
in regarding this form as a mere variety 
of G, aciimmaium, 1-480". 

G. laticips (K.). — Habit of G. corona- 
turn , but shorter, and liead wider than 
the central inllation. EM. pi. 5. 1. f. 34. 
America, Asia. Elirenberg’s figures have 
the bcasal portion linear, not inflated. 
He gives about fiftecm habitats. 

G, Scvpirum (llab.). — Habit of G, 
coronatuniy but larger and more robust, i 
the middle more inflated and much 
broadtii* than the obcordate apiculatcd ! 
head j base stalk-like, not inflated. KabD. 
p. 60, pi. 8. f. 8. America. 

G. acuminatum (E.). — Slender, taper- 
ing below into the stalk-like base, con- 
stricted above the ventricose middle; 
head dilated, acuminate. SBI). i. p. 79, 
pi. 28. f. 238. = G. trigonocephalum, EM. 
pi. 6. 1. f. 30 ; G. appcndiculata, Pcrty KL. 
p. 204, t. 17. f. 12. Europe, Asia, Africa, 
America, and Australia, (^xiii.23.) Differs 
from the foregoing species by a ciiiieate 
or tapering apex. In a variety figured 
by Professor Smith the constriction is 
nearly obsolete. 1-8G0" V) 1-430'’. 

G. Brchissonii (K.). — Slender, narrow, 
with a longly attenuated base and a 
slightly ventricose middle, separated by 
a slight constriction from the cuneate, 
attenuated, somewhat obtuse head. KSA. 
p. 00. France. Stipes abbreviated or 
nearly obsolete. Akin to G, acumina- 
tuniy but more slender, more elongated 
into the stipes-like base, and head and 
median inllation smaller. 

G. Americanum (E.). — Lateral view 
with three inflations, separated by two 
constrictions ; head ovate, subacute. 
EM. several figures. Ameiica, Iceland. 
1-804". 

G. ehngatiim (S.). — ^Lateral view with 
three inflations, the median one greatest ; 
upper one oblong, with ciuieate apex ; 
lower slender, slight. S. in ANH. 2 ser. 
xv. p. 6, pi. 1. f. 4.= G, Greg. 


MJ. ii. pi. 4. f. 18. Franco, England. 
1-8(34". Scarcely distinct from G. Ame- 
ricanum y both have the inflated base of 
G, coronatuniy and cuneate head of f/. 
acuminatum, 

2 1 Head rounded, neither acute nor 
apiculate. 

G. gemimitum (A.). — Fmstules very 
large, in front view cuneate, their ter- 
minal pimcta obsolete ; lateral view in- 
flated at the middle, constricted above 
and below, with dilated, rounded ends ; 
striae distinctly moniliform. SI 31). p. 78, 
pi. 27. f. ^i\^,=Diomphala Clavallerculisy 
EM. pi. 15 a. f. 93. (vii. 00.) On rocks 
in subalpine streams. Europe. This 
species iorms lai*ge spongy cushiou-like 
tufts composed of densely matted fila- 
ments. Ine frustulcs are oiisily recog- 
nized by their large size, the absence of 
terminal puncta in the front view, and 
the conspicuous striae of their lateral 
valves. The neck is much constricted, 
and the large head broadly roundtsd at 
the end. Kiitzing refers G. Ilerculeanum 
(E.) to this species, but, wc believe, 
erroneously. 

G. capitatuni (E.). — Lateral view tur- 
gid at the middle and slightly con- 
stricted beneath the broadly rounded 
head ; puncta in front view evident. 
SBD. p. 80, pi. 28. f. 237. = G, turgiduniy 
EM. pi. 2. 2.1.401' Europe, Asia. 1-1720" 
to 1-280". IStriated, attenuated at its 
base ; stipes elongated, dichotomous. 
Sometimes the constriction, which is 
less marked than tliat of the next spe- 
cies, is nearly obsolete, and the frustmes 
in the lateral view are obovate. 

G. construrtiim (E.). — Lateral view 
ventricose at the middle, with a short 
neck and broadly rounded head ; puncta 
at upper end of front view very evident. 
SBD. pi. 28. f. 230. = G, truncahiniy EM. 
many figures ; G. paradoxuniy EM. pi. 9. 1. 
f. 33, 34 ; G, pohlircformcy K., Rails. 
Forms a brown discoloration on actual ic 
plants. * Common, (x. 187-190.) 1-1720" 
to 1-280"; striated, attenuated at its 
base ; stipes becoming elongated ahd 
branched. Distinguished from G. gemi- 
natmn by its much smaller size and 
distinct puncta in front view. We find 
this species very variable in the develop- 
ment of its neck; and sometimes in a 
young state the constriction is but slight, 
and the form resembles G, capitatuni, 

G. subtile (E.). — Slender, lateral view 
twice constneted ; head small, obtuse ; 
neck slender, elongated. EM. several 
figures. Asia, Africa, America, Ijough 
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31ouriie deposit. It differs from Cr. con- 
atrictiim in its more slender form and j 
long’er neck. | 

G. Anylicum (E. ). — Twice constricted ; ‘ 
head rounded, ratker narrower than the i 
oblong inilated middle, which tapers 
below into a linear stipes-like base. KM. 
pi. 15 A. f. 8(1. Lough Mournc deposit, 
Ireland. It is allied to G. subtile. Pro- 
bably both fonns should bo united to 
G. consfrictum. 

G. Mustcla, EM. pi. 17. 2. f. 37. Fossil, 
Finland, Franco; recent, Berlin. We 
have seen no description of this species. 
Ehrenberg’s figures represent the lateral 
view elongated, w'itli an oblong median 
intlation, tapering below into a linear 
stipes-like base, and above into the ob- 
long head, w'hieh is rounded at the apex. 

2* J’Yusfules imbedded in a shapeless gela- 
tinous substance. (Gomphonella, Itab.) 

G. olivaceum (Tiyngb., E.). — Friislules [ 
and stipes forming a gelatinous nia.ss; I 
front view broadly cuneate, with con- I 
spicuous terminal pimcta; lateral valves ! 
ODovate or subclavate, distinctly stri- i 
ated. SBD. pi. 20. f. 2-14. = Gomphonella j 
olivacemn^ Rab., /3. angmta\ G. angusta^ I 
K. ; G. angustUf Rab j). p. 01, t. 0. f. 2. j 
iSmall(*r and shorter, with obsolete stria?. ! 
Europe. 1-2300" to 1-1020". It foims | 
rather large mucous masses of a pale i 
brown colour, which, when dried, be- | 
come pale gretm with a granulated : 
apjiearance. 

G. LenormamU (Cluiuvin). — Front 
view narrow, nearly linear ; lattiral 
valves l.nnceolate acute, with indistinct 
strife. KSA. p. 05. = Sphenella ? Lenor- 
mandif KH. pi. 30. f. 01 ; Gomphonella 
Lenonnandi, Rab. Falaise, France. 
1-900". Stipes slender, at length elon- 
gated. 

G. parvulum (K.). — Frustulos of the 
.size and form of Sphenella parvida, but 
stipitato and aggTegated into a dtnise 
mucous stratum. K8A. p. 65. =s Gom- 
phonella parvuluy Rab. 

3 * Frustules in front vieio eurved, icith 
two longitudinal suture-like lines or 
vitldc. 

G. curvatum (K.). — Frustules in front 
view curved, with distinct terminal 
puncta and longitudinal vittoo; lateral 
valves clavate. KB. p. 85, pi. 8. f. 1-3. 

= G. minutissimum, li Common. Eu- . 
rope, Asia, Africa, America, (xii. 9-12 ; 

aquatic, = G. curvatum, 
8BD.; |3, marine, = G. marimm, SBD. 


This jgpecies differs considerably from 
the other species of Gomphonema in its 
curved fiiLstules and longitudinal suture- 
like striae, and perhaps ought to be sepa- 
rated from them. It agrees with Rhi- 
pidopliora in the lather character and 
with Achnanthes in having a median 
nodido in the vmitral or concave valve 
only. It varies in its mode of growth, 
according ns it is found in frevsh, braedt- 
ish, saline, or marine water.?. The frus- 
tules are scattered, flabellately con joined, 
or aggregated in minute cushion-like 
tufts. The stipes is short, incrassated, 
and irregularly branched, or mortj or lc.sa 
elongated, slender, and dicliotonioii.sly 
divided. Profe.'^sor Smith makes tho 
marine foiTU a distinct species, and gives 
the following diffiueiitial characters : — 
G. curvatum : “ Stipes elongated, fila- 
mentous and dichotomous; striae 22 to 
30 in *001'" ; acpiatic.” G. marinum : 
/‘Stipes inerrassated, branching in an 
irregular manner; strim .35 in ’001'"; 
marine.” Profe.'<sor Smith, however, 
admits that it is difficult to distinguish 
them if w'c confine our attention nierc?ly 
to the frustules; “but,” continues he, 
“the general appenraneci of the growing 
plants, arising from tho characters of 
their stipe.?, is very different, and tlndr 
habitats are so wide apart that tliere can 
be no doubt of their distinctness.” Wo 
arc unable to concur in this opinion ; for 
our experience is quiU) different, and, as 
wc stated several ytairs ago, we find tho 
stipes in the marine form more elon- 
gated than in the aquatic oin>. “I have 
attempted in vain to find some specific 
character to distingui.sli the marine form. 
It is more branched, has a rigid appear- 
ance, and the sitrine connecting tlu5 puncta 
on the front surface arc strongly marked ; 
but intermediate specimens occasionally 
occur, in wdiich all these differences 
vanish” (ANIL xii.). 

4 * Frmtides in lateral view obovate or 
clavate. 

t Crested or pointed at tho apex. 

G . cristatum (Ra.). — Front view crcstidd ; 
lateral view obovate, ci*owned with a 
minute point. SBD. p. 79, pi. 28. f. 239. 
= G. nasutum, EM. pi. 2. 2. f. 41 ; ^phe- 
nclla ? appendiculata, Perty, p. 203, 1. 17. 
f. 14. Europe, Asia, America. Stipes 
nearly simple; frustules in front view 
cupcate, with somewhat rounded mights, 
crested as in G. corotiatum*, terminal 
uncta obsolete. Ehrenberg describes 
is G, nasutum as allied to G. Augwr, 
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but shorter and stouter. To G. eristatmn 
probably belongs the Mexican form de- 
scribed by Elirenberg as a variety of 
G. • having the apex constricted 

into a small terminal inucro. 

(}. Amjur (1^].). — Front view linear- 
cuneato, lateral view rhomboid, with 
subacute apex and acuminated base. 
EM. several figures. Europe, Asia, 
Australia, Africa, America. 1-9(10". 
“More slender and with sharper point 
than G\ cristalunif' llab. Frofessor 
Kiitzing miites G. cristntum to this spe- 
cies ; and certainly they, as well as G. 
Laffcnula, seem closely allied. Ehren- 
berg’s figures vary considerably in form, 
but all have the apex more ciinoate than 
we have ever seem it in G. eristatmn, 

O. Lagemda (K.). — Slender, linear- 
cuneate, finely striated; lateral view 
clavate, crowned with a minute point, 
tapering and subacute at base. KB. 
p. 85, pi. 80. f. ()0. = G. spJmrophortmi, EM. 
pi. 85 A. 7. f. 14. America, Europe. 
Stipes short. 1-720". This form ap- 
paiHjntly differs from G, eristatmn only 
in its uun’ower fnistule. 

(t. apiculatmn (E.). — (huKaite; latt^rM 
view obovate, Avith ac.utc) cuneate apex 
and tapering base. EM. pi. 4. 2. f. 39. 
Fossil. America, (xii. 28 & 53.) 
more shmder than G, apiciilatum : EM. 
pi. 2. 2. f. 43. 

(1. Tarris (K). — Much elongated, 
clavate, its apex suddenly iicutely cu- 
nealc. EM. several figures. Africa, 
America, India, .Tapim. Elirenberg’s 
figures vary in form, but are mostly 
clavate, with or Avithout a slight con- 
striction above tlic middle. “iUdn to 
G. gracile, but stouter,” E. 

• 

2 1 Apex ill lateral vieAv neither acute 
nor apiculate. 

(j. abbreriatmn (Ag.). — Frustules 
broadly cuneatii, conjoined in a fiabel- 
late niannor ; lateral vieAv obovate, Avith 
indistinct striie and rounded apex. KB. 
p. 84, pi. 8. f. 5-7. = Echiuclla abhreviata, 
Ehr. ^3. longipes (K.), stipes elongated; 
subbranched, = G. rotumlatam^ E. Eii- 
ropcf Asia, Australia, America. 1-1152” 
to 1-840". Stipes ratlier tliiclr, usually 
very short and simple, but in var. ^ 
• more elongated. 

G. sphenelloides (Bab.). — Obovate, 
smooth, with broadly rounded apex; 
stipes simple, stout. Kab D. p. 58, pi. 8. 
f. 1. Italy. Front view cuneate. I’ro- 
bably only a form of G. ahbreviatum, 

G. micropiis (K.). — Front view linear- 
cuneato, truncate at each end; lateral 


view obovate-laucoolate. KB. p. 84, 
pi. 8. f. 12. Germany, France. Very 
finely striateil ? ; stipes very short and 
obsolete, or eloiigattal filiform and sub- 
ramose. “ Itesembles G. sphenelloidesy 
but is smaller and more slender,” B. 1. e. 

G. tenellum (K.). — IMiimte, smooth ; 
lateral view obovate-lanceolate ; stipes 
abbreviated, simjile. KB. p. 84, pi. 8. 
f. 8. Europe. 1-1440”. 

G. Persicinn (Bab.). — Lateral vicAV 
obovate, with rounded upper end, stri- 
ated ; front view broadly cuneate. Bab D. 
p. 59, pi. 8. f. 4. I’ersia. The figure re- 
presents the front vicAv Avith con.«»pi- 
cuous terminal puiicta and longitudinal 
vittm or suturc-Iike lines. 

G. Heregnicmn (Bab.). — Tjateral view 
obovate-lanceolate, Avith obtuse ends, 
the upper one cuneate; strice distinct; 
front view broadly cuneate. Bab II. 
p. 59, pi. 8. f. 28. 

G. snbramosum (Ag.). — liateral view 
clavate ; front view cuneate, Avith acute 
baA«e; stipes long, shmder, nearly simple. 
KB. p. 85, pi. 8. f. 15.= G. sept at urn j Ag 
CD.; G. oculatumyKSxV ) G. discolor and 
G. clavatmn, E. (according to Kiitzing). 
Common. Europe, Asia, Africra, Ame- 
rica. 1-11 10” to 1-G(X)”. Striie very 
faint. W e quote G. elavatum ( h]. ) under 
this species in deference to JGitzing’s 
authority, because the description Avill 
not detennine the question ; and although 
Ehrenberg, in his ‘^licrogeologie,’ figures 
it from more tlian tAventy stations, yet 
those figures difl’er so greatly as to afford 
no decisive information : several of them 
are lanceolate or clavate, whilst, like G. 
Gians (a sptH’ies indeed described as 
having a general resemblance to G. clara^ 
turn), tlic greater number have an inflated 
centre. 

(4. vrosam (Bab.). — Oblong-obovate, 
Avith (unarginate apex ; front vioAv 
narroAA-cuneate ; stipes dichotomoiisly 
divided. Bab D. p. 69, pi. 10. f. 12. 
Di*esdeu. 

6 * Frustides in lateral view ventricose at 
the middle y attenuated at each end. 

G. Gians (E.). — Ov ate-oblong, tumid ; 
upper end rounded, with a slightly ‘tu- 
mid neck. EM. pi. 4. 2. f. 36. lias a 
general resemblance to G. clavatuniy but 
is shorter, stouter, and more obtuse. 
Ehrenberg’s figures represent it Avith 
A'entricose centre, broadly conical above, 
with rounded apex, and* tapering beloAV 
into a short, slenderer hose. 

G. Oregonkumy EM. pi. 37. 2. f. 12, 13. 
Fossil. Oregon, Ehrenberg’a figure of 
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the lateral view has au ohlon^ inflated 
centre, suddenly constricted ahove into 
a cone with rounded apex, and taper- 
ing below into a slender base ; the front 
view is large, broadly cuneate, with 
striated lateral margins, rounded base, 
and conspicuous puiicta at upper end. 
It difters from O. Glam in its larger size 
and more elongated inflated centre. 

G. ^lamilla, EJM. pi. 37. 2. f. 10. Ore- 
gon. Elireiiberg’s figure of the lateral 
view resembles G. OrcgmicHniy but is 
stoutoi' in proportion to its length, and 
tlie basal end is shorter and more 
truncate. 

G. ffiyanUmm (E.). — Very large and 
turgid, distinctly striated, lanceolate, 
the subacute apex rather more acute 
than the base. ElilJA. 1852, p. 534. 
lieceiit. California. It is more akin to 
G, Mamilhi than to G. Ilercideanum, 
but diflers in its larger size and slenderer 
b.ase. Centre intlated. 

G. Ilercrtleanum (I].). — Very largo, 
minutely striated, oblong, intlated at the 
middle ; the ends attenuate and rounded, 
the basal one slenderer. EM. pi. 35 a. 
7. f. 12, 13. Lake Mi(?higan, Niagara, 
and Oregon. Stipes long, hyaline, dicho- 
tomous; length of frustulo 1-210". Pro- 
fessor Kiitzing luiites this form to G. 
gvniinatum j but according to Ehrenberg’s 
flgiires, tlujy are very ditlerent. The upper 
end is ligured in this species as broadly 
conical, not dilated into a head as in 
G» (/eminatum. The front view is repre- 
sented as more cuneate, and fiirni.shed 
with conspicuous piincta at the upper 
end. 

G. vitricatnm (K.). — Intlated at the I 
middle, much produced at each end, 
narrow, obtuse ; stipes rather rigid, mu- 
cous, (‘xtreiuely interwoven, dichoto- 
mous. Klk p. 87, pi. 9. f. 4. Gennany. 
Fonns a linn slimy stratum on rocks. 
1-420". TJiis species is desciibed and 
ligured by Kiitzing and Kabeiiliorst as 
slender, with in flated centre, whilst Smith 
describes the British forms as lanceolate, 
— a ditference which renders their iden- 
tity problematical. Front view narrow- 
cuneate. 

G. loiigicopSf EM. pi. 7. 3 n. f. 9. Appa- 
rently common, since Ehrenberg gives 
thirty-eiglit habitats in Europe, Asia, 
Australia, Africa, and America. We 
have seen no description of this species ; 
tlu‘ figures represent it as nnrrow-cune- 
ate in the front view, and the lateral 
view striated, inflalcd at the centre, with 
the ends elongated into beaks, the apex 
obtuse, and the base truncate. 


G. vcntricosum (Greg.). — Much in- 
flated at the centre, upper end conical, 
lower slender, constricted above the 
roundish base. Greg. INIJ. p.4;pl. 1. f. 40. 
Scotland. ’OOIS" to ‘0018". This form 
much resembles G. Glaus', the base, how- 
ever, is dilated and rounded — characters 
wanting in the figures of that species. 

G. Cypnm (E.). — Narrow,' with a lan- 
ceolate inflated centre, and linear, elon- 
gated, boak-like extremities. EM. pi. 5.3. 
f. 33. America, Asitu Obtuse at apex, 
and truncate at base. Kiitzing thinks 
this may bo identical with his Sphenella 
rostellata. 

G. Vibrio (E.). — Elongated, inflated 
at the middle, and gradually tapering 
into long beak-like extremities ; the 
upper one subacute. EM. pi. 39. 3. f. 71. 
Cfaycnne. SI), i. p. 81, pi. 38. f. 242. 
(xii. 35.) ^‘Akiii to 6r. gracilv, but 
longer, more shmder, ami approaching 
to Pinmtlaria aatphiojrgs ” ( L.). 

G. rostratmn (Sm.). — I lateral viciw 
ovate-elliptical, produced at the upper 
extremity into a liiUMir obtuse rostrum, 
slightly (jon.strictod below; strim 30 in 
•001". SBl). ii. p. 99. Barlevlake, Co. 
Cork. *0009" to -0012". Stines distinct. 

G.? IlchrUh me (Greg.). — Lateral view 
elongated, narrow-lanceolate, with in- 
flated coiitre, acute tupial apices, and 
very fine strioo. Grog. M J. ii. p. 99. pi. 4. 
f. 19. Mull deposit. Brofessor Gregory 
remarks that it seems to stand between 
G. tvnelhim and G. Vibrio, but that, only 
its lateral view having been seen, its 
genus is uncertain. 

G * Frustules lanceolate in the hxten'al 
t'iew. 

G. dichotouimn (K.). — Lateral view 
narrow-lauccolate, with slightly obtuse 
apices, striated ; front view narrow- 
linear, cuneate. Si), i. p. 79, pi. 28, 
f.240. = G. grueile, EM.iiunieruus tigiin's. 
Common. 1-1150" to«l-8G0". Stipes 
usually elongated mid dichotomous, hut 
sometimes abbreviated and sub-simple. 
The frustules somewhat resemble those 
of G. olivaemm, but are iiaiTowor; their 
puncla also are far less distinct, il'his 
species appears generally difliis(;d, since 
Ehrenberg gives upwards of 100 habitats, 
scattered over the world. 

G. lanceolutum (E.). — Lateral view 
striated, lanceolate, with acute ends; 
front view linear-cuneatc, very gradu- 
ally tapering at each end. KB. p. 87, 
pi. 30. f. 59. America. Ehrenborg’s 
figures r^resent the lateral view brooder 
than in G, dichotoimm. 
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G. affim (K.). — Ratlicr turgid, elon- 
gate, striated j margins in front view 
slightly curved \ lateral view sublau- 
ceolate, with an obtuse apex. ICB. p. 80, 
pi. 30. f. 54. Trinidad. 1-300". Stipes 
abbrtjyiated, subramose. It diilers from 
G, dichotomum in its tinner habit and 
broader sides; lateral apices more ob- 
tuse ” (K.). ‘According to liabenhorst, it 
is slenderer tlian Q. hnceolatum, but 
scarcely spccitically distinct. 

G. Fibula (Breb.). — Slender, elon- 
gated, very iiarrow-cuneatc ; lateral 
view acicular, very slender ; stipes short, 
nodule obsolete. KSA. p. 05. France, 
Fiig;land. ^ Akin to G, dkhotomumy but 
diilers in its slenderer friistules. 

G. exigiium (K.). — Minute, smooth, 
lateral view lanceolate ; stipes slender, 
subramose. KB. p. 84, pi. 30. f. 58. Ma- 
rine. France, Jutland. 1-1440". I 

G. empidatum (llab.). — Cuneato, often 
curved j lat(?ral view smooth, lanceolate, 
with acute ends. Rab D. p. 59, pi. 8. 
f. 22. Saxony. AVitli or without a 
stipes. 

G. cpqualc (Greg.). — Lateral view lan- 
ceolate, with minutely capitate apices, 
an exactly central nodule, and conspi- 
cuous striju. Gri'g. MJ. iv. p. 12, pi. 1. 
C 41. Scotland. ’OOl". Strijo 22 to 24 in 
•001". It agrees Jiearly with some forms 
of G. tawllumf from which, however, it 
diilers in having much wider and coarser 
stri.TC, and in the central position of the 
nodule, Greg. I. c. A slight coiLstrictioii 
exists bmieath each end. Professor Smith 
reler.s it to G. tmvUum, 

G. imigne (Grog.). — Lateral view lan- 
ceolate, slightly rhomboid, with obtuse 
ends ; stnie 18 to 20 in -001". Greg. MJ. 
iv. p. 12, pi. 1. f. 39. Scotland. ’00 10" 
to *00251". IJistinguislied by its size and 
the coarseness of its striatiou. Side view 
doubly conical, tlie angles at the broadest 
part bidng strongly marked.” Professor 
Smith thinks U may be a form of G, 
Sarcophagus. 

G. Sarcophagus (Greg.). — Lateral view 
clavate, lanceolate, constricted near the 
extremities, which are minutely capitate. 
Gre^r. MJ. iv. p. 13, pi. 1. f. 42. Scotland. 
•0014". Strim 20 to 22 in 001". Widest 
part about one-third from apex. Pro- 
fe.ssor Gregory compares the outliiio to 
that of a cotlin. 

G. minutisshnum (K.). — Linear-cunc- 
ato, smooth, with a slendcir subbraiudied 
stipes; lateral view narrow-lanceolate. 
KB. p. 84, pi. 8. f. 11. Marino. Britain, 
(xii. 17.) Klitzing regards this as the 
G. mmtUmimum of Grcville; but that 


opinion is doubtless erroneous ; for this 
is a maiine, and Grevillo’s was an aquatic 
gathering in which G. olkaceum and G. 
curmtum were mixed together. 

G. aurUum (Braun.). — Broadly cune- 
ate in front view, the upper end truncate, 
with an awn at each angle ; lateral view 
lanceolate, with a terminal awn. Kab D. 
p. 59, pi. 8. f. 3. Baden. Habit of G, 
xnirlcatuniy but furnished with awnlike 
spines. 

G. Navietdoides (S.). — Stipes distinct 
and regularly dichotomous ; front view 
sublinear, truncate ; lateral view acutely 
lanceolate, with the extremities equal 
and nodule central. SBD. ii. p. 98. In 
the Victoria Regia tank, Edinburgh. 
According to Professor Smith, this spe- 
cies, in a lateral view, is not to be di- 
stinguished from a Navicula, as the 
nodule is almost exactly central. 

Species insufficiently desenbedj or known 
to us only by na?ne, 

G. digitaluni (K.). — Frustules very 
minute and smooth, linear-cuneate, Ha- 
bellato; stipes simple, dilated above. 
KB. p. 84, pi. 21. f. 2. 2. Marine. Cii.x- 
haven. 1-1580". Kiitziiig gives no de- 
scription or figure of the lateral view. 

G. telographicumK .). — Frustules mi- 
nute and very smooth, slender, cuneato, 
somewhat more acute at base, umbel- 
lately aggregated on a simple abbrevi- 
ated stipes dilated at its apex. K B. p. 84, 
pl.8Lf.9. Maritime. Heligoland. 1-1200". 

G. crassuni (Rab.). — Front view 
broadly cuiieate, truncatti above, rounded 
at btise ; the lateral margins convex, 
laintly striated. Rab 1). p. 59, pi. 10. f. 13. 
Persia. Although only the front view 
is desciibed and figured, yet the species 
seems well distinguished by the convex 
(not straight) lateral margins, giving 
it an obovate form with the broader 
end truncate. The piincta are conspi- 
cuous in the figure, as are also two lon- 
gitudinal lines or vitttc. 

G. jmlvinatuni (Braun). — Front view 
broad, linear-cuneate ; base smaller than 
the very thick, serpentine, irregulai’ly 
divided stipes. Rab D. p. 58, pi. 8. f. 10. 
Zurich. “ Forms little, very thick, smdotli 
I knoblike cushions of equal height.” 

G. f contractum (K.). — Very minute, 
attenuated at the base, slightly con- 
stricted at tlio middle, wdth a dilated 
rounded apex ; stipes simple, abbreviated 
or obsolete. KB. p. 80, pi. 14. f. 21. 3. 
Geiinauy. 1-1440". Kiitzing’s figure, 
which 18 very minute and pyriform, 
shows no median line, nodule, or striae. 
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G. tmulare (E,), G, termicolle (E.), 
Australia; G, loniiicolh (E.), Australia, 
Asla-j America; G. Jordani (E.), lliver 
Jordan; G. obtumni Arabia, Ame- 
rica; ^r. (E.), Arabia; G. mu- 
cronatum (1^.), G* rhomhoidvKm (E.), 


Asia; 6r. Mosamhicmse (E.), Africa; 
G. Maryaritaccum (E.), G, SavanncB 
(E.), Biitisli Guinea ; G. lanceoUitum 
(E.), America ; G. Palea (E.), fossil. 
Jura Mountains, Franco. 


Genus SPHENOSIRA (E.). — Fnistiiles united into a straight compressed 
filament; lateral surfaces with unequal extremities and a distinct central 
nodule. Aquatic. The frustules in front view are scarcely cuneate ; and the 
genus could be better placed in the Naviculeie, as indeed Kiitziug himself 
suggests; it seems to differ from them only in the unequal ends of the 
lateral surfaces. 


SruENosmA Catena (E.). — Frustules 
smooth; lateral view with a mucro at 
apex and a gradually attenuated, some- 


what obtuse base. EA. p. 98, pi. .‘1. 1. 
f. 27; KB. p. 88, pi. 29. tV 47. Mexico. 

(XI. 30.) 


FAMILY XVIII.— NAYICULEiE. 


Frustules free, concatenate, or included in a more or less definite frond ; 
front view generally linear or (piadrangular ; valves with similar ends, a 
median longitudinal line, and central nodule. ‘‘ The XaviculeoD frecpiently 
resemble individuals in other families, but are to bo distinguished by the 
central nodule of the lateral surfaces, as well as by the regularity and 
syiiimotry both of these and the front view ’’ (Meiiegh.). In tlie minuter 
forms the nodules are frequently vciy indistinct; when present, however, 
they usually ajipcar, in the front view, like a punctum at the middle of each 
lateral margin. In doubtful cases this appearance will often aid in ascer-^ 
taining their presence. 

♦ FnisUites nude. 


Genus XAV ICULA (Borj', Rab.). — Frustules simple, free, prismatic in front 
view, rcctangidar laterally, with a longitudinal median ])ollucid line witli 
central and terminal nodules. Naricula was divided by Khrenberg into two 
genera — Xavicula with smooth, and Pinnularia with striated valves; but 
this dirision was not received by Kiitzing or Brebisson, and is certainly un- 
.sound, as it assigns the species to each genus according to the power of the 
author^’s microscope, whilst stria), we believe, are qjmost always, if not uni- 
versally, present on the valves. The late Professor Smith reconstituted 
Ehrenberg^s genera, and made their characters depend on the presence or 
absence of costae. These charactcj’s were fur better than those of Ehrenberg ; 
and were the cost® always plainly developed us in Pinmdaria nohilis and its 
allies, no difficulty could occur in determining the genera ; but’ in many of the 
more minute species it is often very difficult to distinguish between striae and 
costu). We have not admitted Pinnularia here, partly for the reason just 
given, but principally because wo cannot decide to which genus a large num- 
bei; of Ehrenberg’s siiecies should be referred. * 


A. Valves more or less constneted at the 
middle (Biploneis, E.). 

Navicula Americana (E.). — Turgid, 
linear-oblong, with slightly constricted 
centre and broadly rounded ends ; striae 
wanting or indistinct. EM. pi. 2. 2. f. 
19. New York and Rhode Island. 

N. Faba (E., K.). — ^Turgid, oblong. 


slightly constricted at the middle and 
rounded at the ends, marked by longi- 
tudinal lines; stria) wanting or indi- 
stinct. = Diplofieis Faba, EB. 1845, 
p. 365. River Tagus. The median line 
inttjrrupted by the central nodule ; three 
lines on each side continuous. 

N. hyalina (E., K.). — Slightly con- 
stricted at the middle, with oblong lobes, 
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rounded ends, a longitudind median 
fascia of lines, and a narrow pinnulated 
border. hyalina^ EB. p. 362. 

Marine. India. May bo more aain to 
Cymatoplmra Solea. 

N. hinodis (’E.). — Smooth, minute, 
nan’ow pandiirifonn, with acuminated 
rostrate apices ; median nodule very 
distinct. EH. 1 840, p. 18 ; KH. p. 100, pi. 3. 
f. *\T^. = Frnyilariaf hinodiSf EA. p. 127. 
Fossil, Sjinta Fiore ; recent in pools, &c. 

N. diipUcata (E.). — Smooth, small, 
rather broad pandiirifonn, with attenu- 
ate .subacutti npices. EM. pi. 21. f. 35. 
(vuba. In l^hrenberf^’s tip^ure the ends 
are some*. what cuncate, and the median 
line simple. 

N. imnrva ((Irej^.). — Small, smooth, 
sublinear, with a shallow sinus on each 
side, and ends sudd(‘nlv contracted into 
obtuse sub(;apitate beats. MJ. iv. p. 8, 
pi. 1. f. 20. Scotland. 

N. comtrkta, EM. pi. 38. 17. f. 3. 
Volcanic ashes, Iceland. Ehrenberg re- 
presents it as smooth, minute, piinduri- 
Ibnn ; (‘iids rounded, each terminated by 
a miiiuto iiipplo-lilio point ; median line 
simple. 

N. vmaryimdaf EM. pi. 30. f. 83. 
Ehronberg’s figure is minute, smooth, 
pan duri form, with each end suddenly 
contracti?d into an obtuse, broad, mam- 
miform beak. 

N. pnnidoxa (hk). — liarge, smooth; 
oblong, sliglitly constricted attheniiddle, 
with four longitudinal median lines and 
somewliat obtusci cuneate ends. EA. 
pi. 1. 3. f. 4. 0. l*eru. 

N. impcnalis (E., K.). — ^Dilated, with 
const rhrteil middle and subacute apices, 
a simple .series of conspicuous granules 
accompanying the middle'furroAV, which 
is smooth on both aides; lateral .series 
alilfc, two perfect ones inclosing an im- 
perfect median .sinus, all internipted at 
the middle. = Diplonvis impenaUsy EH. 
1845, p. 302. TMorine. India. Granules 
large, mMirl-like. 

N. Entomon (E.). — Largo ; slightly 
sinuato-con.stricted at the middle, with 
oblong lobes and subacute cuneate ends ; 
stfiie 10 or 20 -in 1-1200". EH. 1840. 
= PwnidariaEntomonj EA. pi. 1. 1. f. 3, 4 ; 
Eiplmwis Entomoriy J^M. pi. 10. f. 30. 
Mai’ine. Fossil, Greece ; recent, Eu- 
rope, Asia, Africa. Jlistinguished by 
its shallow stricture and smooth strim. 

N. Conops (E., K.). — Small, panduri- 
fonn, very finely striated, with cordate 
lobes and acute apiculato apices. =Pm- 
nularia'^ Conopa, hi A. pi. 3. .7. f. 20. 
America. 


N. incurvata (Greg.). — Panditriform, 
with rounded ends ; stria) 30 in -001", 
minutely moniliform ; median line 
straight, with dark shaded lines on each 
side. TM. iv. p. 44, pi. 5. f. 13. Marino. 
Scotland. 

N. apUndida (Greg.). — Large, pan- 
duriform,much constricted, with elliptic- 
oblong lobes and obtusely triangidar 
ends ; strias distinctly moniliform. TM. 
iv. p. 44, pi. 5. f. 14. Marine. Scotland. 
Median line straight, and having on each 
side a narrow blank space, 

N. Prompinm (h].). — Very large, 
deeply constricted ; lobes almost rhom- 
boid, with subacute apices ; sides stri- 
ated, lines di^cussating at a right angle, 
a broad, pellucid, smooth median fascia 
divided by two lines into three ports ; 
umbilicus circular. = Eiphnds Proser- 
pince, EH. 1858, p. 13. Marine. yEgcan 
Sea. 

N. 3fmca (Greg.). — Small, panduri- 
form, with turgid lobes and acute cune- 
ate apices ; stria) rather distant, coarse, 
moniliform, shoi’t, forming a marginal 
band. G1)0. p. 7, pi. 1. f. 0. Marine. 
Scotland. Stria) 18 in *001"; median 
line tmd n()dule distinct. 

N. Eomhus (E., K.). — Panduriform, 
with subcordato lobes and subacute 
apices ; stria) dense, coarsely monilitbrm, 
KSA. p.83. = PinnuhtruiliomhitSy EllBA. 
1844 ; GD. pi. 1. f. 12; Diploneis Eomhm, 
EM. pi. ID. f. 31. Europe. 1-384" ; striae 
21 in 1-1200". Gramdes of the largest 
strim'in fours. Median line broad, with 
a square central nodule. Characterized 
by its short turgid lobes and close, largo, 
pearly granules. 

dtdyina (E., K.). — Rather brood, 
slightly constricted at the middle, with 
short suborbicular lobes and broadly 
rounded ends ; stria) distinct, granulate. 
KH. p. 1(X), pi. 4. f. 7 ; SD. i. pi. 17. f. 154. 
=PiN?iuIaria didyma, EA. pi. 2. 4. f. 3. 
IMarine. Europe, Asia, Africa, America, 
(vii. 61; XV. 12.) 

N. dissimilia (Rab.l. — I^arge, pan- 
duriform, with broadly rounded ends; 
striao stout, curved, converging, not 
reaching the median line ; front .view 
gibbous at the centre and tapering to- 
woiMs the ends, which arc truncate. = 
Pinmilaria dissimilis, Rab. p. 45, pi. 6. 
f. 32. Persia. 

N. Pandura (Hrdb.). — Large, elong- 
ated panduriform, with elliptic lobes 
and obtuse apices ; costa) smooth. BD. 
pi. 15. f. A,=iPimmlaria Panduray GDC. 
p. 17, pi. 1. f. 22 ; N. nitiday TM. iv. 
p. 44, pi. 5. f. 12. . Europe. M. de Br4- 
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blsson Tegards this form as distinct from | 
N. Crahroy E. ; and it undoubtedly is 
from the Trinidad Diatom figured by 
Dr. Groville for that species. Wo con- 
sider, however, that Is. Pandura, Br^b. 
not only agrees in its smooth costse with j 
Ehronberg’s description and figure of N. 
Crahroy but also better in shane than 
does Groville’s N. CrabrOy in which the 
constricted portion is less elongated — a 
fact pointed out by Grcville himself. 

N. Crahro (E., K.). — Pauduriform, 
deeply constricted j lobes ovate or ob- 
long, with subacute apices; strim di- 
stinct, obscurely moniliform, nitesceut, 
10 in 001". K A. p. 83 ? ; SBD. ii. p. 04 ; 
MJ. V. pi. 3. f. ] l. = Pi//m//ana CrahrOy 
EltBA. 1844, p. iPiplonvis Cntbroy 
EM. pi. 10. f. 20? Fossil, yEgina; rc- 
cen t, A merica, Europe. Although we deftir 
to the opinions of Brebisson, Smith, and 
Groville, yet we think it higlily probable 
that the preceding species is the one 
intended by hilirenberg for 1). Crahro. 

N. ijemnmla (Grev.). — Broad liiu'ar- 
ohlong, obtuse, with straight or slightly 
concave sides ; strim inonilifoi*m, inter- 
rupted, 10 in -001", witli a single row of 
nuncta near the median line. Edin. 
New l*hil. Journ. n.s. x. pi. 4. f. 7. Cali- 
fornian guano. Distinguished by its 
distant stria?, which fonn a linear mar- 
ginal hand. Its afliriity is with N. Crabt'o 
and its allies. 

N. nodulosa (Bnlb., K.). — Minute, ob- 
long, constricted at the middle ; ends 
contracted into obtuse mamutifomi 
beaks ; transv(?rse stria? not reaching the 
median line. KB. p. 101, pi. 28. f. 71.= 
Pumularia TrrmeSy EM. pi. 39. f. 100. 
Ilcceut, Cuba, Mexico, Africa; fossil, 
Franzenshad. 

N. ffvminn (hi.). — Small, striated, 
divided by a median constriction in both 
views into two lenticular lobes; in lateral 
view terminated by a median api cuius. 
EB. 1840, p. 19. Mouth of the Iliver 
Elbe. 1-840" to 1-G48". 

N. Apis (E., K.).— Oblong, so much 
constricted ns to be nearly divided into 
two scmiorbicular lobes; stria? sh?ndor, 
granulate ; stricture smooth. If lO?' 
pi. 26. f. 7G. =Pinnularut Apisy EA. iii. 
pi. 7. f. 18. Mexico, Africa. Distin- 
guished by its smooth stricture and its 
linely (^anulato stria? (12 in 1-1200"). 

N, interrupta (K.). — Sinuato-con- 
stricted at the middle, with broadly ellip- 
tic lobes and rounded ends ; striro inter- 
rupted opposite the nodule. KB. p. 100, 
pi. 29. I. 93. = Naviculay BAJ. 1842, 
pi. 2. f. 18. Marine. America, Jutland. 


B. Valves, divided into three or more por~ 
tions by two or four comtrictionsy but 
not constricted at the centre (Nodosa?). 

N. SiUcula (E.). — Smooth, linear 
elongated, divided by two constrictions 
into three nearly equal nodes; apices 
obtuse. EM. numerous figures. = N. 
ventricosay E. Apparently common, since 
Ehrenberg gives upwards of fifty habi- 
tats in Europe, Asia, Australia, Africa, 
and America. This species might be 
plac?ed witli almost equal propriety in 
the following section. 

imlyonca (Br«1b.). — Elongated, ba- 
cillar, sublinear, divided by two con- 
strictions into throe nodes, the middle 
one largest ; ends roimdish-capitate ; 
striie wanting or indistinct. KA. p. 85. 
= Pinmdaria mididatay MJ. ii. p. 97, pi. 
4. f. 10. France, Britain. 

N. Hitchcovku — Smooth, linear- 
oblong, each margin with tliree undula- 
tions; apices suddenly cimeate, sub- 
fumte. EM. pi. 5. 3. f. 11. America, 
(vii. 02.) 

N. limosa (K.). — Smooth or obscurely 
striated, linear, with two constrictions 
and three inflations, the middle one 
largest; ends cuneate, subacute. KB. 
pi. 3. f. 50. (lermany. 

N. nodosa (E.). — Linear, smooth or ob- 
scurely striated, with three nearly equal 
inflations; ends contracted into short ob- 
tuse beaks. KB. p. 100, pi. 28. f. 82. Com- 
mon, especially in small pools by the road- 
side. (ix. 1451.) j3, stria? more evident. = 
IHnmdaria LeynmeUy EM. many figures. 
1-430". Approaches N. Hitchcockii. 

N. trinodis (S.). — Valves with two con- 
strictions, three nearly equal inflations, 
rounded ends,'and obscure stria?. 

N. 7nesohptn (K.). — Smooth, elongated, 
linear, wnth three inflations, the middle 
one smallest; ends strongly contracted 
into short obtuse beaks. EM. pi. 17. 
2. f. 17. America, Francb. 1-420". 

N. nwulis (Jil. ). — Minute ; linear, some- 
what narrow in the middle, with tri- 
crenato sides and obtuse apices. EB. 
1853, p. 628 ; EM. pi. 35 b. a 2. f. 6. 
Monte llosa. Differs fiom N. undosd in 
its stouter apices : N. nodosa is larger and 
more slender. Ehrenberg’s figure shows 
the valves very minute, with four con- 
strictions and five nodules, including the 
capitato ends, which nearly resemblo the 
others in size and form. 

•N. Formica (E.). — Smooth, linear, 
with four constrictions and five oblong 
nodes. EM. nl. 4. 3. f. 8. Recent, United 
States ; fossil, Finland. 
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N. Monile (E., K.). — Striated, linear, 
constricted, with live, nearly equal sub- 
globose nodes, iiieludiiig tho capitate 
ends. = PiV*wM/«n« Mimih, E^I. pi. 17. 1. 
f. 12 ; Pinnularia isoa^phalaj eSi. pi. 5. 
8. f. 21. Berlin, America. It bos tho 
ends moi’o capitate and the striae stronger 
than N. nodosa, 

N. Konhii (E., K.). — Large, elongated, 
lanceolatt^, with subficute apices, each 
side with tlireo undulations, tlio middle 
one most distinct ; slrijo oblique j tho 
median smooth band very broad, extend- 
ing to the apices. KA. p. 84. = P///wm- 
lana Kochiiy EB. 1846, p. ilGl. Fossil. 
Kurdistan. 

N. Pyrvnnica (S.). — Elongated, slen- 
der linear, with three iniTations, the 
iiK'dian one grcat(;st ; stiire indistinct. 
AN II. 1867, xix. p. 8, pi. 2. f. 6. Pyre- 
nees. 

N. undosa (E.). — Small, smooth, 
broadly oblong-lanc(M)late, with three 
undiihitions on each side, and conical 
apices. pi. 80. 8. f. 00. America, 

Africa, Asia, France. Ehrcnberg de- 
scribes it as akiji to N, Hitchcockii, 
Kaboiihorst remarks that it resembles N, 
Persica in form, but is scarcely one-third 
its size and has no secondary undulating 
ribs. 

N. Persica (llab.). — Large, oblong- 
lanceolate, with obtus(i mammiform 
npic(is ; eacli aide witli five undulations, 
and four coiTeapondiiig longitudinal un- 
dulated lines on each side the median 
one. Uab 1). p. 41, pi. 0. f. 66. South 
I’ersia. Broadest at tho centre, and 
tapering in a pyramidal manner to each 
apex. 

N. intef/m (S.). — Small, lanceolate, 
■with slightly undulated Aiargins and 
contracted apiculato apices; stria) in- 
distinct, 36 in -001", reaching the median 
line and most evident opposite the cen- 
tnil nodule. intcgraj SD. ii. 

p. 96 ; N. rostMaj MJ. iv. pi. 1. f. 14. 
Britain. 

N. undidata, = Pinnularia mesotylaj 
EM. pi. 16. tS. f. 27. Sweden, India. 
Ehrenl)erg’8 figure somewhat resembles 
that*of N, undosa in form, but is longer 
and has parallel transverse stria). 

, C. Valves elongated Umar or lanceolatej 
with gibbous or hiflated centre : central 
costae, when present, usually converging, 
and often leaving a dilated smooth space 
round the median nodule, 

N. mesotyla (E.). — Small, smooth or 
indistinctly striated, narrowly linear, 
with a central spherical inflation and 


slightly contracted obtuse apices. EA. 
p. 131, pi. 4. 2. f. 7. ; P:M. pi. 1. 3. f. 14. 
Asia, Africa, America. 1-420". 

N. incon^icna (Greg.). — Small, smooth, 
hyalino, linear, with rounded ends ami 
slightly gibbous centre; median line 
strong, complex, intemipted by tho de- 
finite central nodule. GB. p. 6, pi. 1. f. 
3. Scotland. 

N. laevissima (K.). — ^Minute, vitreous, 
clear, linear, with broadly rouiuhid ends 
and slightly gibbous centre ; striju want- 
ing or indistinct ; central nodule stauros- 
like. KB. p. 06, pi. 21. f. 14. = Stan^ 
roneis rectangularis, MJ. ii. pi. 4. f. 17 
(according to Smitli). Fossil, Santa 
Fiore; recent, Britnin. 1-570". 

N. tumiduhi (Bab.). — Small, linear, 
with rounded, slightly enlargetl ends, and 
inflated centre ; ctmtral nodule stout. 
BabJ). p. 41, pi. 6. f. 0. Stockholm. 
Closely allied to N, SiUrula, 

N. scopulorum ( Hreb.). — Elongated, 
slender linear, with central and terminal 
inflations ; stnn) very faint, reaching tho 
median lino, 66 in *001". KA. p. 81. = 
N, 7nesotyla, KB. p. 99, pi. 6. f. »‘5 ; Pin~ 
nulana Johnsonii, SD. i. pi. 19. f. 179. 
In marine or brackish waters. Franco, 
Britain. Front view turgid at the middle. 

M. do Brdbissou assures us that Smithes 
species is identical with his N, scopu- 
lorurn ; but Kiitzing’s figure and descrip- 
tion would not lead us to infer the 
identity. 

N. gibberula (K.), — Tnnear, with gib- 
bous centre and very slightly tmlarged, 
obtuse, sub truncate apices; strire very 
fine. KB. p. 101, pi. 3. f. 6()*. Europe. 

N. leptogongyla (E.). — Elongated, 
slender linear, striated, tumid in tho 
middle ; apices slightly dilated, oblong, 
obtuse. KB. p. 99, pi. 4. f. 9 ; khV. p. 
130. = Pinnularia leptogongyla, EM. 
many figures. Europe, America. Loiigli 
Mourne deposit. Rabenhorst says that 
this species has double tho breadth of 

N, scopulorum, 

N. mesoyonyyla (E., K.). — Styliform 
or bacillar, striated, with gibbous middle, 
and broadly rounded but not dilated 
ends. KA. p. 81. = Pinnularia mcso~ 
gongyla, l^M. pi. 10. 2. f. 2. Asia, Africa, 
'America. Akin to N, nobilis, but with- 
out dilated cuds. 

N. nobilis (E., K.). — Very large, elon- 
gated, broadly linear, gradually dilated 
at centre, and broadly rounded ends; 
Costa) oblique, stout, close, not reaching 
tho median line. KA. p. 80. = JRfw- 
nularia nobilis, EB. 1840, p. 20 ; SD. i. 
pi. 17. f. 161. Europe, America, Asia, 
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Australia. 1-84" ; nodules large 5 costce 
10 to 18 in 1 - 1200 ". 

N. gigas (E., K.). — Very large, elon- 
gated ; broadly linear, with gibbous centre, 
and broadly rounded, slightly attenuated 
ends; costae broad, close, not reaching 
the median line. KA. p. 80. =lHnmilaria 
gigas f EM. pi. 2. 3. f. 1. America. Akin 
to N. mhilisy nine pinnules in 1-1200". 

N. major (K.). — fjarge, turgid, linear- 
oblong, with slightly tumid centre and 
broadly roundcnl ends ; costoe converg- 
ing at the centre, stout, 12 in 1-1200". 
kB. p. 97, pi. 4. f. 19 , 20.= IHnmilaria 
major y SD. pi. 18. f. IGl; Pinmilaria 
riridisy 'Et., in part. Common, (vrr. 05; 
xir. 15, 31 ; xvi. 1-0.) This species 
scarcely diliers from N. nohilis and N. 
gigasj except by its somewhat smallt'r 
size and closer pinnules. 

N. arrosph(oria (K.). — Elongate<i, 
slender linear, with dilated centre and 
ends, rounded apices, and seventeen short 
thick costai in 1-1200", which do not 
reach the median line. K B. p. 97, pi. 5. 
f. 2. = Pmnulnria avrosplueria^ Kabl). 
p. 45, pi. 0. f. .30; SD. pi. 19. f. 183. 
Europe. Front vitiw nari’ow-linear. 

'S* pachgptrra (E., K.). — Ijarg<», bacil- 
lar, but sliort and stout, witli gibbous 
centre and broadly rounded ends, which 
are not constrictc'd ; pinnules stout, not 
reaching the median lino, 0 in 1-1200". 
KH. p. 98, nl. 28. f. 58. = Pinmtlaria 
pachyptcrUy li. Labrador, Australia. 

N. hehas (Kalfs). — Small, oblong, with 
gibbous centre and broadly obtuse ends ; 
striae distinct, 33 in ‘(K)!", nearly reach- 
ing the median line. = Ai ohtasaj SI), i. 
p. 50, pi. 10. f. 140. Jlntain. 

N. vocconeiformis (Greg.). — Small, 
subelliptic, with tumid centre and slightly 
contracted, broad, obtuse ends ; .striae in- 
distinct, median lino straight, nodule 
definite. ^MJ. iv. p. 0, pi. 1 . f. 32 ; 
Grev. ANIL 2nd series, xv. pi. 9. f. 6. 
Scotland. It much resembles Achmmlhi- 
ilium fiexellum, but its median lino is 
quite straight, Greg. 

N. Macula (G.). — Small, oblong, with 
tumid middle, and very broad, subtrun- 
cate ends ; striae very fine, parallel, nearly 
reaching the median line, except opposite 
the large, transverse, quadrate indefinite 
median space. TM. iv. p. 43, pi. 5. f. 9. 
Marine. Britain. Stria) about 70 in 
•001". In shape not unlike large speci- 
mens of AchnanthiiKum Jlexellum, but the 
median line is straight. The central 
nodule is obsolete and is replaced by the 
lai*ge, stain-like blank space, Greg. 

hi . gihha (E., K.). ^-Bacillar, striated, 


lanceolate, with dilated capitate ends. 
KB. p. 98, pi. 28. f. 70. = Pinnularia 
gihba, EA. pi. I. 2. f. 3; SD. pi. 19. f. 
180. Common. Europe, Asia, Africa, 
America. Stria) close, not reaching the 
median line, 30 in *001". 

N. Tahellaria (E., K.). — Bacillar, elon- 
gated, striated, rather turbid, ventricose 
at the middle, with dilated, broadly 
rounded apices. K B. p. 98, pi. 28. f. 79. 
= Pinnularia Tahdlarmy EA. pi. 2. 1. 
f. 20 ; SI), i. pi. 19. f. 181. Ihirope, Asia, 
Africa, America, (xii. 21.) The central 
dilatation tapera loss than in N. gihba, 
'and the stihe are more distant. It is 
more slender than N. twbilis. 

N. porrccta (E., K.). — Large, elon- 
gate-lanceolate, broadly tumid at the 
middle, and gradually tapering into the 
broadly obtuse apices; strite oblique. 
KA. p. 81. = Pinnularia porrevta, h]A. 
p. 133. North America. Akin to N. 
decurrens. 

N. dccurrens (h]., K. ). — Striated, nar- 
row, elongate-lanceolati?, tumid at the 
centre, somewhat naiTowing towards the 
ends, which are broadly rounded. KA. 
p. = Pinnularia decurrens, EM. many 
figures, (i slenderer, = Tra^ 

becula, E. y, stria) obsolete, = ATirtcM/rt 
Trabecula, E. Ehrenberg gives upwards 
of 80 habitats. Akin to N. gibba, 

N. Jkisox (E., K.). — Large, elongated, 
striated, narrow-lahccolate, with slightly 
gibbous centre and attenuated but obtuse 
eiid.s ; strite parallel, nearly reaching tho 
median line. KB. p. 94, pi. 28. f. 53.= 
Pinmdm'ia JEsox, Jh\. p. 133, pi. 1. 2. f. 4. 
Chili, (xii. 43.) 

1). Valves with a smooth, transverse 
onkldle fascia. 

N. cardinalis (E.). — Large, broadly 
linear, with rounded ends ; costf© stout, 
radiant, 9 in *001", interrupted by a 
smooth, transverse median band. = /Vw- 
md^ria cardinalis^ SI), i.' pi. 19. f. 160 ; 
Slauroptera carrlinalis, EM. several fi- 
gures; Stauroneis KB. p. 10C5, 

pi. 29. f. 10. Europe, Asia, Australia, 
Africa, America, (xii. 72.) A well- 
marked species, easily recognized by its 
largo size, rounded not attenuated cuds, 
and coarse strioe, which are shorter near 
the transverse median fascia. Perhaps 
this and other species having a trans- 
verse smooth median fascia might ad- 
vantageously be retained in Stauroneis, 
notwithstanding that the fascia is not 
formed by a thickened prolongation of 
I tho centrm nodule. 

! N. divergens (S.). — Large, oblong- 
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lanceolate, somewhat contracted towards 
the rounded ends ; costa) radiate at cen- 
tre, interrupted by a smooth transverse 
median fascia, 11 in *001". = Pinnularia 
dwergensy SD. i. p. 57, pi. 18. f. 177. 
Britain. Tlie costiB near the central no- 
dule are shorter and radiant j the others 
are diverp^ent. 

N. Brehissonii (K.). — Linear -oblonj^, 
with obtuse ends ; costa) fine, indistinct, 
close, 30 in *001", not reaching tho me- 
dian line, interrupted by a transverse 
median fascia. KB. p. 03, pi. 3. f. 49. = 
IHnnularia stauroneiformisy SI), i. p. 67, 
pi. 19. f. 178. h'urope. Front view 
linear, with rounded angles. 

N. ghhiceps (Greg.).— ^linuto, naiTow 
linear-oblonfj, constncted beneath tho 
globular ends; cosiie line, distinct, not 
reaching the median line, interruptA^d by 
a transverse mtjdiaii blank band, 30 to 
40 in 'Q^V\=^Plnnii1ana ghhicepSy MJ. 
iv. p. 10, pi. 1. f. 34. Scotland. Di- 
stinguished by its capitate apices and 
transverse cross-like median bcand. 

N. parva (E.). — Tanear, constricted 
beneath the capitate ends; costa) 24 in 
•001", interrupted at the middle by a 
transverse, blank, cross-like band. = Stau~ 
roptera parvay EA. p. 135, pi. 3. 1. f. 19 ; 
Stauromns parvdy KB. p. 100, pi. 29. f. 23 ; 
Pinnularia inter ruptay SBD. i. p. 69, 
pi. 19. f. 184. Europe, Asia, America. 
Transverse band dilated outwards. 

N. Boheinica, EM. pi. 10, 1. f. 4. 
Bohemia. Ehrenberg’s figure is rhom- 
boid, with obtuse apices, lliree median 
lines, betw(!e.n which and the margins 
are longitudinal scries of dots, all inter- 
rupted by a transverse median blank 
space, but no distinct nodule ; front view 
narrow-linear, with roundtid ends. 

N. Cldi'iculm (Greg.). — ^Narrow-linear, 
with two constrictions ; central inflation 
small, smooth; terminal ones oblong- 
clavate, striatiid^; stria) parallel, iiejirly^ 
njaching the median lino, about 32 in 
•001". GD. p. 6, pi. 1. f. 6. Scotland. 
Nodule definite ; front view linear, with 
rounded angles, broader than tho lateral 
vio))^ the margins striated except at the 
middle. 

E, Frmtules in the lateral view having the 
strioe on each side of the median line 
divided into two series (a marginal and 
a 7nedia}i) by a longitudinal linCy blank 
spaccy or fascia, 

t Valves elliptic. 

N. Lyra (E.). — Elliptic or elliptic- 
oblong, marked by two narrow longi- 


tudinal blank spaces, which are con- 
nected by the central nodule, in the f\)rni 
of a lyre; striae 22 to 24 in •OOl", often 
indistinct, the middle ones longest. = 
Navicula and Pinnularia Lyray E., GD. 
p. 13, pi, 1, f. 13; N, GregorianUy Grev. 
MJ. V. p. 10, pi. 3. f. 7. Marino. Europe, 
Asia, Africa, America. N. Lyray var. 7'eetay 
Grev., large, oblong-lanceolate obtuse ; 
blank lines narrow, contracted at the no- 
dule, otherwise parallel with the median 
lino ; stria) 24 in -001" : ICdin. New DJiil. 
Jour., n.s., X. pi. 4. f. 3 : Californian 
guano : distinguished by its large size 
and straight blaiilc lines. Eitlier N, Lyra 
is very vaiiiible, or more than one species 
has-been included und(ir tlie name. Tlie 
valve is either rounded at the ends or 
(more usually) has a short, produced, 
conical point. '^J’lie blank spaces are 
linear, inclined inwards at the nodule, 
and the tips, whidi are attenuated, usu- 
ally bent outwards, but are sometimes 
straight or even incurved. 

N. approximata (Grev.). — Oblong, 
with productid, conic apices ; striie intiu’- 
rupted, 17 in *001" ; outer band broad, not 
dilated opposite the nodule ; blank lines 
linear, nearly straight. Grev. Edin. New 
Phil. J our., n.s., x. pi. 4. f. 10. Califoniian 
guano. Allied to N, I^yra, but distin- 
guished by the total absence of any con- 
traction of tho blank spaces opposite tho 
nodule. hVom N. Ilennedyi it dillers in 
its linear, subparallel blank spaces, and 
larger blank space round the nodule. 

N. irrorata ((f rev.).— Broad, painllelo-. 
gramic or oblong, suddenly contracted 
at the ends into mainniiforin :ipiccs ; 
striic 15 in *001", forming a broad-linear 
marginal band, and a narrow one of vcM’y 
unequal breadth niixl the median line ; 
blank spaces not nuiching tho ends. 
Grev. /. c. f. 1. Califurnifin guano. 

N./ompa^a (Grt'v.). — Oval or oblong, 
with rounded apices, and marked by two 
narrow longitudinal blank spaces, which 
diverge from the nodule in a curved 
m.anner and (?onv(*rgo at the apices; 
striae 36 in -001", the middle ones longcist. 
MJ. vii. pi. 0. f. 10, 11. Marine. Britain. 
Distinguished from N. Lyra by .its 
smaller size, chisor strim, and connivent 
points of the blanlc spaces. 

N. manmularia (XI rev.). — Suborbi- 
cular; strijo monililbrm, about 21 in 
•001”, inteiTupted by two narrow-lim^ar 
blank lines whicli con t ract opposite the 
nodule, then tairvti outwards, converge, 
and meet at the Umninal nodides. Grev. 
Edin. New Phil. Jour., n.s., x. pi. A. f. 0. 
C.alifornian guano. • \'alve small; stria) 
3 M 
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coiiPenli'ic with tho ivxlrriintii\s. Tho 
bhnik .spaces liav(^ a c()ii.*«i(l(aal)lo resem- 
hlancu to those of K. forcipnfft, th*ev. 

N. sjHTtithilis (drep:.). — IJroadly ellip- 
tic, j^raduiilly tap(‘riii{»- to the ohtiise 
apices j blank spaciis broadly linear, coii- 
ver^^iiij? at iiodiih‘ and ends ; striie 22 in- 
•001", coarsely inoniliforni, the outer 
si-ries Ibrnii?!^- a bi*oad marjrinal band 
mucli dilak'd opposite tlie nodule. (»J). 
p. t), pi. 1. f. 10. Marine. Scotland. 
Lar^^o (inner) bands of atriao linear. 
Distinj^iiished from N. Lyra by broader 
blank spaces and the brown colour of 
the striated portions ; its nodule also is 
indelinite. 

N. snhurhicuho'is (Ore}:>-.). — Sni/ill, 
broadly oval or snborbienlar ; sti*i.‘e con- 
spicuous, about 18 in *001", divided by a 
lon^:itudinal line into two s(n'i(*s, outer 
one brnade.st opposit(^ the indefinite cen- 
tral nodule. = N. Smilhii sithorhictthrift. 
(ID. ]). 15, pi. 1. f. 17. Marine. Scotland. 

N. Cdftjuri (DaiL y). — Tiarge, oblong, 
with slightly con.stricted sides and con- 
tracted niainniifovni apices ; strue pmic- 
tali', divided into stales by two narrow 
longitudinal blank bands united by tho 
transverse noduh^ = Pintiufttvia (*oftprnif 
IlMO. p. ;10, pi. 2. f. d. I’liited States. 
Th(‘ outliin; is like that of N. jjaradojra; 
.‘ind tin* markings .sonit^what rtjseinblc 
tho.‘!e of A". LyrUf (3. Dlank spaces con- 
nix ent at their apices. 

X. Jlnnndyi (S.^. — Elliptical, with 
roimded or maniniirorm ends ; striie mo- 
niliforin, divided into series by two nar- 
row, liinati' longitudinal blank .«pacc‘.«, 
the marginal series of ncajly equal 
breadth tlironghont. SDD. ii. p. y.*»: 
dreg. M,r. iv. pi. 5. f. = au- 

.Johnston, M.J. A'iii. p. 15. Marine, 
liiitain. (vii. (iO.) Wtrue 24 in -001", 
not perc(*ptibly longer oppositci the cen- 
tral notlnle, wliicli is indetinite. 

X. vluraia (dreg.). — IJroadly elliptical, 
with apictvs produccal into mammiform 
points; .striie inoniliforni, divid(;d into 
.seri(*s by two arciiatc’ longitudinal blank 
spaces bent oiitward.s at thc-ir imds; 
marginal seines of nearly equal breadth 
throughout. TM. iv. pi. 5. f. 17. IMariiie. 
{Scotland. Stria; 20 in •(X)].", not per- 
c(‘ptibly longer opposite the central iio- 
duh‘, which is ind(;tinit(;. 

N. nvhvlnm (dreg.). — Elliptic-oblong; 
blank spaces large, smnilunato ; striie 
fine, iJ tto 50 in ‘(K)!", forming a narroxy 
marginal band of equal breadth, dl). 
p. 8, pi. 1. i\ 8. ^larine. Scot land. Timer 
bands of stria*, very narrow linear, close 
to incMlian line. Asqaet of valve hazv 


and indistinct; striilted portions bluish 
uiid(‘r a low poxvor ; nodule ind(;linite. 

N. prtetvxtn (Tl.). — L.arge, elliptic, 
with broadly roumh'd ends; .striie di- 
stinctly inoniliforni, 8 to 10 in *001", 
forming a marginal border of n(;arly uni- 
form Im'iidth, which is .s(;parat(;d from 
tin; niuTow median band by a la,rge 
.sparselv granular .space on each side. 
EB. 1840, p. 20; dl). p. 0, nl. 1. f. 11. 
=VimwIuria pnclrxtny 10 M. pi. 19. f. 28. 
Marine, Scotland ; fo.'^.sil, dreeci;. 1-288". 
This species is distinguished by its large 
size, coarse striatron, much rounded ends, 
and ii broad seinilunatt* space h(;tween 
tin; iniivginal and inner hiiiid.s of striie, 
furnished xvith scattered graniih.*.s. 

N. CaUfonticn (dr(;v.). — Broadly 
elliptic, with llattenc'd .sidi's; .stria) mo- 
nil ifonn, divided into naiT«)w marginal 
and median liands by a large, S(;milii- 
iiat(', smooth inlennediiitt; space; on each 
!<ide the; median lino. drev. Ediii. Now 
Phil. .Join*., 11 . s., X. pi. 4. f. 5. (ailiforniaii 
and 8. African guanos. iNlargiiial striie 
20 in -001". Differs from N. prtfivxUi in 
having tho sid(*s of the valve flattened, 
and tin; broad interm(‘diat(; space, be- 
tween the marginal and median strife 
smooth. 

X. pohjsilicta ( d i’ox\). — Elliptical ; striie 
inoniliforni, fonuing a narrow marginal 
band, .separatral from tin* nn'diiin line by 
an iiTegnlarly punolate, lunate inter- 
mediate .spaci; ; stria; 25 in ’OOl". drev. 
/. c. f. 2. dalifornian guano, \4dve mi- 
nute. Dilli'is from A. prfdvxta in its 
smallor size and far less rounded ('iids. 

N. Sinlthii (Breb.). — Elliptic, xvith 
rounded apice.s; strife di.stinct, 21 in 
•(X)l", interrupted on each side of tlio 
median line \y a. longitudinal line ; the 
inner seri(;s narrow, fainter. = A. vlUpticdy 
SD. i. p. 48, pi. 17. f. 152. jMarme. 
liurope. 4'ho outer .series of strife is 
bro.-ni, but not dilatei} opposite the 
cent rill nodule. 

N. ///.sm (dreg.). — Large, elliptic- 
oblong, with broadly rounded tuids; 
stria; coarsely nioniliform, about 10 in 
•001", divided on each side by a longi- 
tudinal line into two .series, tho inner 
one fainter. = A. Smithiij fused , dJ). 
p. 14, pi. 1. f. 15. Marine. Scotland. 
Diflbr.s from A. Smil/iii in its miicli larger 
size and more distant striie. Nodule 
indefinite ; median smooth .space narrow 
liinccolato. 

N. nitescens (Greg.). — Small, elliptic- 
lamreolato, with obtu.se apices; strife 
oK^icurel^v nioniliform, about IG in -001", 
converging at centre, divided on each 
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sido by a loiig-itudinal lino into two soi*ios, 
rojK-hiiig tlio median line. = iY SnuVui, 
y nitescem^ Gl). p. lo, pi. I. f. 10. Ma- 
rine. Scotland, (/olourb'ss under a low 
Ijower; niodian lino linear, nodule de- 
tiiiite. Distinguished from N. Smiihii by 
its smaller size, the characters of nodule 
and median lino, and its bright-white 
aspi>ct. 

N. qKadnfaHpinla (K.). — Dlliptic-ob- 
long, with, attenuated, obtiisi* cnuls ; 
strijo 20 ifi 1-1200", diviiled on each side 
of tlui median lim; into two linear .s«n*ies. 
KD. 0^40. = Pitunthiriii qiidifrifnncHthty 
KM. pi. 10. f. 2o 27 ; Uiivfitu, Donkin, 
MT. vi. p. d2, pl.;l. f 17i^ Marine. Kossil, 
Grec'ce; rt'cent, ]5i itain. 1-4:10". Series 
of st ria! separated by a narrow blank line. 

N. dliptica (K.). — J^llliptic or liuear- 
olliptie, with rounded ends ; strue di- 
stinct, conniviJiit, 27 in -001", divided 
into two series on each side the nu'dian 
space by a longitudinal line. = TV! Par- 
muluj IvA. p. 80 ; N. octdia. SD. i. p. 48, 
pi. 17. f. lo.'j. Europe. 

N. pi/f/fiKm {K .). — Minute, elliptic or 
oblong-elliptic, with ronudi'd (mds, hya- 
line, with very faint, close strim, and a 
panduriforiu blank median space. KA. 
p. 77. =N. miindftla, SD. i. p. 48, pi. 81. 
r. 274. In bracliish or fresh water. 
Krance, England. Although the strim, 
which are very indistin(!t, are not inl(*r- 
rupted, yet the peculiar form of its me- 
dian snfice .show.s that its proper position 
is in Uiis gi’«mp. 

N. mtiva (Donkin). — Large, narrow- 
elliptic, with rounded ends; stria3 fine, 
distinct, costate or obscurely moniliform, 
reaching nearly to the nuidiaii line, 
crossed on eitlnu’ side ri,'#ar their inner 
ends by a longitudinal line. TM.. vi. 
p. 82, pi. 3. f. is. Marine. Northum- 
berland. This beautiful species differs 
from N. Smithii in its more grace! fully 
elliptical figuik!, in its costate and mucli 
finer strife, and in the darker-brown 
colour when mounted in balsam. The 
dry valv(! is pnlc-browii. Donkin. 

N. Alhnamana (Greg.). — Small, oval, 
wV;h subacute apices ; costa) about 20 in 
•(X)!", somewhat radiant, nearly reaching 
the median line, divided by a line near 
to and concentric with the margin. = 
Phinularia Alhnanianay GD. p. 10, pi. 1. 
L 21. jMarine. Scotland. The nnirginal 
scries of costm narrow, coiispiciioua, 
border-like ; the inner one fainter. 

2 t Valves linear, with dilated centre 
and ends. 

N. llahenhorstii (Tlalfs). — Elongated, 
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slendt*r, gradually dilated at centre, ami 
broadly rounded tuids; stria) fine, sliort, 
divided on each side the median line by 
a narrow, blank, longitudinal line.= P/a- 
HuJaria inten'upta, Dab D. p. 44, pi. 0. 
f. 8. Italy. Divided by two constric.- 
tions into three oblong portions; the 
inteiTiipting line undulated like the 
margins. This spO(.*ies resembles a slen- 
der N, nohtlis with interrupted sirito. 

F. Pa/i'cs with rnpitali'. or rostrate apices. 
t V’alves in Hated or veutricose. 

N. (*ra.r (E.). — Ormuform, with di- 
verging costie, which do not reach Hie 
intMlian line. = Piaantaria l^M. 

)1. 12. f. 87. A.^ia, ( ^t-isel. 'Phis species 
las the lateral vi«!W like a liiblarium, but 
with mediaii line and nodule. 

N. Trorhffs (!'].). — With strongly in- 
flated middl(!, and obtuse, rostrate ends, 
longitiidinallv striated. E Inf. p. 170, 
pi. 21.1*. 8. ‘Fo.ssil. Sweden. 1-800". 

N. inflata (K.). —Minute ; willi much 
inffaled cenlrc!, and short, obtii'^e, beak- 
like ends ; stri;e wanting or indistinct. 
KD. p. 00, 1)1. 8. f. ;50=A^. PoUis, lOM. 
stiveral figures. Fossil, Sweden, Santa 
h'iore ; recent, Europe. 

N. amphisbccna (Dory). — Inflated, 
elliptic, with capitati! or conic apices; 
stri;e close, delicate.. K Inf. p. 178, pi. 1.8. 
f. 7 ; SD. i. p. 51, pi. 17. f. 147. Common. 
Europe, Asia, A fri(‘a, Ami'rica. (vi r. 72 ; 
IX. 141.) 1-1700" to 1-210". Median 

nodule orbicular. The Piannlaria am- 
phishcena, EM., is probably a state of this 
species exhibiting more conspicuous 
stria). 

N. Placenta (bk). — Minute, vcntricose, 
roundish-elliptic, with a. nipple-like pro- 
jection at Otach apex. b]M. pi. 38. 12. 
f. 28. Oregon. 

N. spthcerophora (K. ). — Elliptic-lance- 
olate, strongly constricted into capitate 
or conic apices; strife wfinting or in- 
distinct. KD. p. 05, pi. 4. f. 17; SD. i. 
p. 52, pi. 17. f. 148. khiropo, Asia. Very 
similar to N. amphishanay but it is less 
inflated, and it appi!ars destitute of stri,*©. 
According to Dabenhorst, it differs also 
bv having faint longitudinal lines. 
1-320". 

N. hreris (Greg.). — Small, elliptic, 
contracted into short, broad, mfinimifonn 
ends ; .strife liru), about 35 in -(X)!", 
nearl)^ reaching the median lino, shorter 
opposite the indefinite central nodule. 
GD. p. 0, pi. 1. f. 4. Scotland. Professor 
Walker Ainott is probably correct in 
uniting this to iV! amphisbccna. 

D M 2 
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N. tumem (S.). — ^Inflated, elliptic, with 
the ends suddenly contracted into short, 
obtuse beaks 5 strio 0 indistinct, 3G in 
•001". SD. i. p. 52, nl. 17. f. 150. Brack- 
ish water. England. 

N. pmiUa (S.). — Small, inflo-tcd, ellip- 
tic, suddenly contracted into short, conic 
beaks ; striie distinct, punctate, riuliant, 
20 in -001". SI), i. u. 62, pi. 17. f. 52. 
= N. gastroi^esy Greg. MJ. iii. p. 40, pi. 4. 
f. 17. Brackish water ? Britain. Prof. 
Gregory distinguished his N, gastroides 
from this species by its stouter habit, 
larger size, and having a brown colour 
even in balsam ; but we unite them as 
Professor Smith has done, being unwill- 
ing to add another doubtful species to 
this group, which wc believe is already 
too numerous. 

N. Anglica (Balfs). — Minute, elliptic, 
suddenly constiicted beneath the round- 
ish capitate ends ; striae very distinct, 

i nmetate, radiate, reaching the median 
ine, 24 in -001". = N, tumidoy SD. i. 
p. 50, pi. 17. f. 140. 

N. Carassim (E.). — Small, inflated, 
broadly lanceolate, with tlio tuids sud- 
denly contracted into short, coni(;al 
beaks; striie wanting or indistinct. EA. 
p. l.SO, pi. 2.2. f. 11. France, America. 
Is smaller than N. iwqylmbcoua, 

N. capitata (E.). — Minute, wdth in- 
flated centre, and short, obtuse, beak- 
like ends; stria) diverging, 10 in 1 - 1200 ''. 
E Inf. p. 170, pi. 13. f. 20. = Pinnularia 
capitata y blM. pi. 35 a. 1. f. 4. Europe, 
Asia, Australia, America. 1-1150" to 
1-570". 

N. Semen (E.). — Small, eUiptic-ob- 
long, slightly contracted into the broad, 
obtuse ends ; stria) obsolete or apparent. 
h]A. pi. 4. 2. f. 8 ; ill EM. many figures ; 
SD. 1 . p. 50, pi. 10. f. 141. Sj stria) di- 
stinct, = Pinnularia StimeUy EM. Europe, 
Asia, Africa, America. 

N. cequalis (E., K.). — Inflated, elliptic- 
lanceolate, suddenly contracted at the 
ends into nipplc-liko points ; striie fine. 
KSA. p. 77. = Pinnularia ceqiialuiy EA. 
131 ; EM. many figures. Europe. Lough 
Mounic deposit, Iceland. 

diomphaki (E.). — Striated, short, 
broadly lanceolate, suddenly contracted 
into obtuse beaks ; median nodule trans- 
verse, divided by a longitudinal line into 
two parts. EA. p. 132, pi. 3. 7. f. 26. 
America. 

N. (iastrum (E., K.). — Small, striated, 
inflated, elliptic, contracted at the ends 
into short conical beaks ; striie radiant. 
KB. p. 04, pi. 28. f.^50. = Pintmlaria 1 
GastiHimy EM. several figxivos; Pin- I 


mdaria Placcnttduy EM. several figures. 
Asia, Africa, America. 

N. hirostrata (Greg.). — Ventricose, 
elliptic-oblong, with shortly rostrate 
apices ; strife fine, close, radiant, reaching 
nearly to the median line. MJ. iii. p. 40, 
pi. 4. f. 6 . Scotland. 

N. tmniata (E.). — Small, inflated, 
elliptic, suddenly contracted into minute, 
rounded, conical beaks ; pinnules strong, 
forming a narrow marginal border. = 
Pinnularia Umiatay EM. pi. 39. f. 95. 
The pinnules separated from the median 
line by a broad blank space. Perhaps a 
Mastogloia. (xv. 15.) 

N. hicips (E.). — Small, turgid, lance- 
olate, slightly constricted into obtuse, 
conical apices; striie .wanting or indi- 
stinct. EA. p. 130 ; EM. many figures. 
Em*ope, Africa, America. Kather more 
slender than N, anqylmhana. 

N. rrassula (Niigcli). — Smooth, ellip- 
tic, with capitate apices ; front view 
broadly linear, truncate. l-720'\ KSA. 
p. 890. Switzerland. 

N. scidptay EM. pi. 10. 1. f. 5. Bohe- 
mia, Asia, America. Ventricose, sud- 
denly tapering into short, broad, obtuse 
beaks, the median line intcrnipt(‘d by 
the indefinite nodule, which extends on 
one side in a semicrucial smooth band ; 
the rest of the surface gi’anidatcd. Front 
view linear, with rounded angles and 
gibbous sides. 

N. signata (E.). — Minute, inflated, 
prolonged into nairow bealcs ; stri.*© 
radiant, reaching the median line, the 
six central ones stronger. = Pinnularia 
signatay EM. pi. 34. 0 a. f. 7. Florida. 

N. RostcUum (S.). — Small, ventricose, 
oval, with the^ipices produced into point- 
like, beaks ; strife indistinct, 80 in * 001 ". 
SBD. ii. p. \YS=N. apiadata, Greg. MJ. 
iv. pi. 1. 1 . 13. Britain. 

2 t Valves lancgolate. 

N. Craasinen'ia Qi.), — Minute, lance- 
olate, with shortly rostrate apices ; strifo 
wanting or indistinct. SD. i. p. 47, pi. 31. 
f. 271. France, Britain. 

N. rhgnchocephala (K.). — Slender, 
lanceolate, with longly rostrate apices ; 
stria) wanting or obscure. KB. p. 152, 
pi. 30. f. 36; SBD. p. 47, pi. 10 . f. 132. 
Europe. Is longer and more slender than 
N, crgptocephalay with more produced 
apices, (vii. 08.) 

• N. kptorhynchus(Pj.'). — Small, smooth, 
linear-lanceolate, with straight, subacute, 
longly rostrate apices. EA. p. 130. 

I Mexico. Akin to N* dirhynchiiSy but 
‘ with longer beaks. 
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N. leptoc(>phaI-a (Rab.). — Small, laiico- 
olate, ^\dtll eloufjated, slender, obtuse, 
sonicwliat clavato btailts ; stri.'C wauting 
or indistinct. Rab D. p. 39, pi. 0. f. 00. 
Europe. 

N. exilis (K.). — ^Very miiiuto, smooth, 
lanceolate, with produced, obtuse apices. 
KB. p. 05, pi. 4. f. 0. Germany. 

N. rostrata (E.). — Finely punctated, 
broadly lanceolate, almost rhomboid, 
rapidly t.aperiiig into acute beaks ; ccm- 
tral nodule large. EB. 1840, p. 18 ; KB. 
p. 04, pi. 3. f. 45. Fossil. Santa Fiore. 
1-210". Front view linear, with trun- 
cate tmices. 

N. Uharonth (E.). — Elongated, smooth, 
oblong-lanccolate, with the ends con- 
tracted into conic beaks. 131. 1845, 
p. 230 j EM. pi. 35. nii. f. 12. Four times 
as long as broad. 

N. Otrantina (Rab.). — Oblong-lance- 
olate, with rounded, slightly contriocted 
ends. Rab I), p. 44, pi. 0. f. 42. 

N. (Krhynchus (E.). — Small, narrow- 
lanceolate, with conic, rostrate apices ; 
atrim wanting or indiatinct. EA. p. 130, 
pi. 3. 1. f. 11. Falaise, Mexico. 

N. Garf/amca (Rab.). — Minute, lan- 
ceolate, suddenly contracted into short, 
thick, obtuse apices ; strim distinct, ob- 
lique, reaching the median line, six near 
the central nodide stouter than the rest. 
= Pinnul(tria Ganjanicaf Rab 1). p. 44, 
pi. G. f. 41. Italy. 

N. amphiceros (K.). — Minute, broadly 
lanceolate, Avd til produced, rostrate apices, 
and fine striie. KB. p. 05, pi. 3. f, 30. 
Germany, Asia. 

^.stelliijcTa (E., K.). — Rhomboid-lan- 
ceolate, udtli the apices suddenly atte- 
nuated into obtuse oeaks ; the verjr line 
punctated pinuides distiilctly radiating 
from the orbicular, smooth umbilical 
space. KA. '\^,10,=lHnnularutstclliyet'a, 
EB. 1845, p. 364. Marine. India. 

N. Petcrsii (E., K.) — ^Dilated, large at 
each end, sudcfcnly attenuated into a very 
short beak ; median line double, with a 
narrow, longitudinal umbilical space; 
pinnules very fine. KA. p. 70.=2%ww«- 
laria Petersiif EB. 1845, p. 364. Mouth 
of^he river Tagus. 

N. (/uttulifera (Rab.). — Minute, slen- 
der, acicular, with a glass-like globe at 
each apex. RD. p. 40, pi. 6. f. 74. South 
Persia. 

N. pachycephala (Rab.). — Minute, 
slender-lanceolate, constricted beneath 
the capitate apices; striae converginff; 
central nodule stout, terminal ones ob- 
solete. = Pinnularia pachycaphala, RD. 
p. 43, pi. 6. f. 40. Italy. 


N. cincta, = Ptmmlaria nneia, EM. 
pi. 10. 2. f. 6. Bohemiai. This species 
IS figured as minute, lanceolate, with 
obtuse apices ; strim obliq ue, those oppo- 
site the central nodule railiant jind stouter 
than the others. 

N. Gregoni (Ralfs). — Small, narrow 
linear-lanceolate, contracted at the ends 
into minute beaks ; strim distant, parallel, 
scarcely reaching the median line. = 
IHnmUaria apicukitn, Greg. MJ. iii. p. 41, 
pl.4. f. 21.‘ Scotland. 

N. anymUtta (S.). — Minute, nan*ow- 
lanceolatf!, constricted b(‘neath the cjipi- 
tato apices ; striie indistinct, 45 in -(X)!". 
8D. i. p. 52, pi. 17. f. 156. = N. dicephala j8, 
KA. p. 76? Britain, Falaise. Front 
view narrow-linear. 

N. cryptoevphaUt (K.). — Very minute, 
lanceolate, with globose, capitate apices ; 
stria) wanting or indistinct. KB. p. 95, 
pi. -3. f. 20. Europe. 

N. Veiwta (K.). — Very minute, lan- 
ceolate, rather broad, with produced, 
slightly obtuse apices; striie wanting 
or indistinct. Kll. p. 95, pi. 30. f. 76. 
Brackish 'water, Veiuce. Resembles N, 
cn/ptocephalat but is shorter and broader. 

N. FmiiUitm (E.). — Narrow-lanceo- 
late, distinctly but slightly (ronstricted 
beneath the capitate apices. EM. pi. 6. 3. 
f. 4. America, Asia. 

N. UplostyluH (E.). — Lateral view 
turgid-lanijcolate, suddimly tapering into 
short beaks with (lapitate apices. = N, 
Phitalmy EAl. pi. 15 a. f. 42. 

N. amphirrhina (E.) = Phtmilaria uwi- 
phirrhinay EM. pi. 15 a. f. 20. Ijoiigh 
Moiime deposit, Japan, America. Ehr- 
enberg figures this species as inflated- 
lanceolate, rapidly tapering into subacute 
beaks ; striie parallel. 

amphirhynchiis (E.). — Small; tur- 
gid-lanceolate, suddenly constricted at 
the ends into short, subcapitate beaks; 
strife indistinct or wanting. EA. pi. 3. 1. 
f. 10 ; KA. p. 76. Europe, Asia, Aus- 
tralia, Africa, America, (xii. 0.) 

N. amphistyliis (E., K.). — Elongated 
bacillar, with turgid middle, attenu- 
ated, filiform, obtuse apices, and deli- 
cate pinnules. KSA. p. 7 Pinnularia 
amphistylmy EB. 1845, p. 79. l^ossil. 
Oregon. 1-372". 

N. ordinata (Brdb.). — Minute, smooth, 
connectt)d in a parallel manner into 
short, fragile filaments ; valves slender- 
lanceolate, contracted at the ends into 
short, often capitate beaks. BriSb. = N. 
aponina )3, KA. p. 69. Falaise. 

N. curyccphala (Rab.). — Largo, ro- 
bust, oblong, slightly contracted at the 
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ends into very short uiul broad, trniientt) 
beiilvM. Eab I). ]). 40, pi. 0. f. 70. C.kT- 
niiiiiy. Median line and nodule stronj^ly 
de \ eloped. Ibiseniblea tSfauronvis platj/- 
stotndf but .with a rounded, not Liuns- 
vi'rse inediau nodule. 

3 1 Valves linear. 

N. iUcephala (-R.). — Elonpfated linear, 
cons trie ted at the ends into (;apitate or 
bi’oadly conical beaks; strijo either ob- 
scure or distinct, 19 in 1-1:200". = iV7/r/- 
ruln and Vhimthirla (iictplutfa, EM. nuiny 
li;iiires; Pumufaria hivvpSf (dreg. JNIJ. iv. 
pi. 1. L 281' (k)mn)on. Europe, Asia, 
AlVica, Anienca. 1-800" to 1-480". 

2 )roihicta (S.). — Linear, abruidly 
crontracted at the ends into short, obtuse 
beaks ; stihe taint, 42 to 48 in *001". 
SJ). i. p. 51, pi. 17. f. 144. = N. nmphi- 
rtpirJnis^ SD. i. p. 51, pi. 10. f. 142. Eritani. 
(Vi I. 00.) 

N. hirostris — J01onp:atotl narrow- 
linear, siiddenlv contracted at the ends 
into conical apices; stihe distinct, close, 
parallel. = Pinnnlaria hlrosti isj b.M. pi. 
15a. 1*. 24. hVissil. I iOUgh Mourne de- 
posit ; Sweden, 'riiis tbrni seems scaretdy 
to diller from N. tUcephahty e.vcept in 
having slimderer frustules. 

\. pntvUlumt ((irt'g.). — Slender, nar- 
row-linear, constricted beneath tlie capi- 
tati! apices^ costjo tine, 27 in ’OOl", not 
reaching the median liiK*. = l*!nimUiria 
ijrariUiimij M.l. iv. p. 9, pi. 1. f. »‘»1 ; SI), 
ii. p. 95; Phimdaria lemdsy MJ. ii. pi. 4. 
f. 9:^ l>rit:iin. 

N. Jincaris ((dreg.). — Minute, narrow- 
linear, constricted beneath the subcapi- 
tale tmds; costic very tine, about 40 in 
•001 ", pjiiallel, reaching the median line. 
= Piinmlario /iucansy M.l. iv. p. 8, pi. 1. 
r. 29. Scotland. 

N. suhcnpilitta (dreg.).- .Minute, nar- 
row-linear, constricted bi iieath tlui capi- 
tate (‘lids; striiO subdistant, (•onspicuous, 
^■Ilort. = Punndfirui subcapiialay M.J. iv. 
p. 9, pi. 1. f. .*{0. Scotland. 

N. 7iy///y/cy/s‘/s ((dreg.). — Minute, linear, 
const licted beneath the subquadrate 
capitate ends; stria? tiin?, about 30 in 
OOr^, slightly obli(|U(!, rijiudiing the 
uiedian lin(\= Pinniduria PJyinvmisyM,] . 
iv. p. 9, pi. 1. f. .33. Scotland. 

N. Umpidn (Eerty). — Uatlier large?, 
striatfd, broadly lim-ar-oblong, .suddenly 
(•(•ntracled at tin; ends into short, broadf, 
iditiisc; bealvs. IV rtv, Mic. Org. of Alp.s, 
p. 201, pi. 17. f. 9. Alps, h’rorit view 
linear, \vi»h liunc.ite taids ; striiu U) to 
11 ill 1-1200", , 


N. Pisvicidm (E., K.). — Elongated, 
slender, striated, narrow-linear, sliglitly 
contracted at the (‘luls into conic beaks ; 
strife very delicate. KA. p. 75. = Pin- 
tndann Piscicidus, 15 A. pi. 2. 1. f. 30. 
Cayenne, India, Falaise. 

N. limhida (E.). — Small, linear, each 
end suddenly contracted into a short, 
broad, truncate bt?ak, and a wide bord(?r 
appeai*ing within. EA. p. 130, pi. 1. 2. 
f. 10. Chili. 

N. Umpicips (dreg.). — Minute, nar- 
row-linear, with the ends contracted 
into short, ohtii.se points; nodule inde- 
finite; striju wanting (ir inconspicuous. 
MJ. iv. p. 8, ])1. 1. f. 27. Scrotland. 

N. ajfhiis (E.). — Small, liii(‘ar-obloiig, 
with the ends suddi.'iily contracted into 
short, broad, obtu.S(? beaks; striie want- 
ing or indistinct, h" A . p. 1 29, pi. 2. 2. f. 7 ; 
SI), i. p.5(), pi. 10. f. 143. Very coiiinnni. 
Ehr(‘nhi‘rg give.s upwards of sevimly 
habitats, (xir. 32.) 1-570" to 1-420". 

Kos(*inhles K. dietp/nda. 

N. dtddn (10.). — Small, lincar-hinceo- 
latc, with the (mds .siuhhjiily eontra(*t»‘d 
into conic beaks; strijo wauling or in- 
dislinct. EA. p. 130, pi. 2. 2. i\ 8. Asia, 
Austrajia, Africa, America. Akin to 
A’’, (fffijiis. 

N. mnhhpm (E.). — Small, oblong, 
.soni(?wliat inllated, with the ends sud- 
denly coni racted into short, conii? b(?!iks; 
.strife wanting or indi.stinct. EA. pi. 2. 2. 
f. 9; lOM. pi. 15 n. f. 15. America, Aus- 
tralia, Lough Moiinu? di!p(>sit. Jle- 
seinbles N. uljinin and N. divvphtda. 

N. ro.slvli(da (K.). — Minute, striated, 
linear-oblong, with eloiigati'd, rostrati*, 
acute apices. KE. p. 95, pi. 3. f. 05, 
Waugerooge. 

'^.ctdHmnai% (10.). — Large, elongated, 
broadly linear, suddenly contracted into 
short, vi'i’y broad, rounded (?nd.s, and 
marked by numerous longitudinal liiic.s. 
EM. pi. 14. f. 23. Jknliii. 

N. umpUakiy EM. pi. 'i7. 2. f. 7, & 
pi. 15 a. f. .32. Fiulaud, Siberia, [jough 
Moimie depo.sit. lOhreiibevg’s ligurc^s re- 
resent this .'species as larg(*, .‘iiiiooth, 

madly linear, suddenly contracted at 
the ends into br(?ad, rounded, inanifiii- 
forni beaks. 

N. Veupa (U.). — Small, linear-oblong, 
con.stricted beneath the capital? apices ; 
nodules minute ; strim paralh?!, i!lo.s(?, 
iKjavly reaching the median line. = Pin- 
uidaria Vcipa, lOM, pi. 33. 5. f. 9. Asia, 
Africra,, America. 

N. w/c//m/ (Creg.). — Small, linear, 
with sliglitly siniiated .sides ; (Mids con- 
tracted into short truncate beaks ; strife 
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wantinp; or inconspicuous. MJ. iv. p. 8, 
pi. 1. f. 2(). Scotland. 

N. apicufafa (llriib.). — Striated, liiioar, 
suddenly attenuated at <‘acli end into a 
short apiculus ; IVoiit view broad, qua- 
drate, with striatcul lateral margins : 
striio strong, 14 in -001 ", iK^arly reaching 
the median line, llreb DU. p. 10, pi. 1 . 
f. 20 . = Piiunilnria roatellataj (jIDO. p. 10, 
pi. 1. r. 20, Marine. Kuropo. fetriic 
somewhat radiant. "Fbe frustules are 
much compressed, and very similar in 
tlie front view to those (}f N, reliisa, 

4+ Valves subcpiadrate or elliptical, with 
conical terminal poiiiis. 

N. lacitsfns (dreg.). — Small, oblong 
or sulxpiadratii, with acute or shortly 
rostrate apic(>s ; stria) line, distinct, 
slightly oblique, nearly rejuhing the 
median line, 28 or .‘JO in *001". MJ. iv. 
p. 0, pi. 1. f. 20. Scotland. The only 
iqxjcies with which this could be con- 
foiiinh'd is N. finna ; but the latter is 
longer and largia*, ot* a brown colour, 
with liner, less conspicuous, and parallel 
stria). 

N. hunu'i'om (llreb.). — Striated, sub- 
quadrate j ends truncate, wiih a ihinut«', 
conic central point; striie lino, monili- 
Ibrm, 21 in '001", ra-diaiit, reaching 
nearly to tbe nu'dian line, shorter oppo- 
site tin) roundish umbilical space. SI), 
ii. p. i)4. = N. qufujrafdf dreg. TM. iv. 
p. 11, pi. o. f. o. Marino. Europe. Ac- 
cording to Dr. Donkin, the dry valve, 
under a low power, is hyaline and 
colourless. 

. pranfdafa (lh6b.). — Striatc.d, rather 
large, elliptic or snbqnadrate ; ends with 
a conic central point; •strijo conspi- 
cuously monilirorm, 10 in ’001", radiant, 
ri‘acbing nearly to tbe median lino. 
Donkin, TM. vi. pi. .‘k f. 19. iSFarim). 
Europe. Distingiiislii'd from N. hurne- 
rosu by its more tlislaiit and coavst)ly 
granulated striic. ‘‘ Dry valve of a dull 
bluish colour, inclining to puiqile ” 
(Donkin). 

N. compacta (drov.). — Small, snb- 
qiindrate, with slightly concave sides, 
rounded shoulders, and the median line 
prolonged into conic points ; striae faint, 
42 in •OOl'!, rcachir)g nearly to the me- 
dian line. dreg. M.T. v. p. 11, pi. 3. f. 8. 
Marine. Not uncommon. The 8tri.‘R are 
nearly parallel. A species well marked 
by its quadrate shape. • 

‘ N. hilussima (Grog.). — Broadly elliptic, 
with slightly produced mammitorm 
apices; striae ‘distinct, finel}' mouiliform. 


radiant, nearly reaching the median line, 
shorter, and leaving an orbicular hyaline 
space round the central iu)dule. 'TAI. iv. 
p. 40, pi. 5. f. 4. Marino. Ihilain. 
(VII. 70.) Distinguished fnmi N. tjra- 
nulala by its straw or light-brown colour 
in balsam, and less conspicuous granules. 

N. lianiaynna (dreg.). — hJUplic- 
oblong, with minute, conic apices ; stria) 
about 38 in *001", liiicly monililbrin, 
short, forming a narrow marginal band, 
and enclosing a largo, lanceolate smooth 
median space. GDC. p. 8, pi. 1. f. 9. 
Mariin^. liritain. The marginal siriated 
band is of nearly uniform bvt>ji(Uli, e.v- 
c(q)t near the base*, where it bocoines 
narrower. 

N. w//n 7 W.(Tiairs). — Oval, with slightly 
])rodnced conic api(res, and 33 distinct, 
nionilifonn, radiant stria) in -OOL", which 
reach the median liiu‘. = N. punctulata, 
SD. p. 52, pi. 10. f. 151. Marin(‘. I’uig- 
land. 

N. (llalfs). — Obloug-olliptic, 

nmeli constricted at i.'ach end, as il‘ t)l)- 
tusely mucronaio ; surface elegantly 
marked hy decussating punctated linos; 
piincta in quincunx. = A^. (IrvunmtUt^ h]l}. 
184*3, p. 250. Habit of N. Amphitibcena, 

G, Valves lanceolate or rhnnhouL 

N. rhomhoUles (E. ). — Jvlminboid-lan- 
coolah*, with sui)acnte apices aiul 85, 
very faint, parallid stria) in *001". I'iA. 
])1. 3. 1. f. 15; SDD. i. ]>. 40, pi. it?, 
f. 129. Mexico, J'iUi()])e, Australia. 

N. rhomhiea (dn!g.). — IMionihoid- 
lanceohite, with very lino but distinct 
strhe, 4*5 in ’OOl", veacliing the median 
line. M.l. iii. p. 40, pi. *3. f. 10; 'I'iM. iv. 
p. 38, pi. 5. f. I. iMarine. Scotland, 
(vii. 71.) According to Professor dre- 
gory, N. rhomhica is distinguislu'd from 
N. rhomhoides by the diilereiit appear- 
ance of its median line and central 
nodule, as well ixs by its distinct stri;c. 

N. rhomhea (Va .). — Droadly rlioinboid- 
lanc('olate, witli acute a])iccs, and delicate 
longitudinal lines on each side ; trans- 
verse striie wanting or iiidistinct. EA. 
p. 131, pi. 3. 7. f. 27. Mexico. 1-480" 
to 1-300". 

N. Demerane (E.). — Smootli, rhom- 
boid, tumid, strongly tapering into acute, 
siibrostrato apices. EB. 1845, p. 79. 
Deiuerara. l-o70". Distin;jTiisbed from 
N. rhomhea only by its subrostrate ends ” 
(Uabeidiorst). 

N. decussata (E., K.). — libomboid- 
hiiiccolato, with subacute apices, an ob- 
solete' umbilical^ space, and very fine, 
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decussating, punctated strijo. KA. p. 70. 
s= Pinnul’aria decmsatu^ EB. 1845, p. 304. 
Marine. India, 

N. Indica (E.). — Rhomboid-lanceo- 
late, with somewhat obtuse apices, a 
small umbilicus, and thick-set, line, lon- 
gitudinal, punctated lines (8 on each 
side). E13. 1845, p. 303. Marine. India. 
hJonuiwliat resemblos N, dccimata, 

N. P asperula (E., K.). — Tiu'gid, short, 
rhoniboid-lanceolate, six-angled, rough 
witli punctated strise; umbilicus subor- 
bicular; the longitudinal median space 
luucli dilated near the umbilicus. K A. 
'^.71. = I^nmdaria? mpeitday Ell. 1845, 
p. 3(»4. IMarine. India. 

N. LibeUits (Greg.). — Rhomboid-lan- 
ci'ohite, with obtuse ends; strise lim?, 
unitbnn, about CiO in *001'', reocliiug the 
median line ; front view broadly linear, 
with the central portion longitudinally 
lined. Gi)C.p.57,pl.6. f.l01. Scotland. 
In foiTTi it much resembles A\ rhom- 
hicuy but is more obtuse and broader, 
with uniform stria?. Professor Walker- 
Arnott regards this species as escaped 
frustules of ScMzonetna GraviUiiy — an opi- 
nion, indeed, shared by l*rofessor Gre- 
gory himself. 

N. Htthtilis (Greg.). — Elongated, trans- 
lucent, very slender, rhomboid-lanceo- 
late, with a minute, definite nodule; 
costfc about 30 in •001", parallel, reach- 
ing the median \\ini,=lHnntdana stihtUiSy 
GD(y. p. 10, pi. 1. f. 19. Marine, Scot- 
land. 

N. lancvolnta (Ag., K.). — Minute, 
narrow-lanceolate, with 44 indistinct, 
parallel .st rife in *001". KIJ. p. 94, pi. 28. 
f. 38 ; SI ). i. p. 40, pi. 31. f. 272. Europe, 
America. 

N. acruina (K.). — Small, lanceolate, 
with liinOoiigiliidinal line.s, and subacute 
apices ; front view brofidly linear. KR. 
p. 92, pi. 28. f. 4;’,; SI), i. p.47, pi. 10. 
1 . 130. = A^. Unvolatiiy EM. several figures. 
Europe, A.'^ia, Au.stralia, Afiica, Ame- 
rica. 1-288". Emstules frequently co- 
hering. 

K. Suhida (K.). — Elongated, slender, 
narrow-lanceolate, with tap(?ring, sub- 
acute a])ices, and fine longitudinal lines. 
KB. ‘p. f)l, pi. 30. f. 19. Marine. Europe. 

N. tenvUa (Breb.). — Minute, smooth, 
V(u-y narroAv - lanceolate, with acute 
apices ; front view liuc'ar, slightly con- 
strieded at the middle. KA.p.74. Europe. 

N. amphioxi/s (15.). — Elongated, nar- 
row-lanceolate, with acute apices ; striae • 
indistinct or wanting. EA. pi. 1. 2. f. 8; 
EM. many figures. Europe?, Asia, Aus- 
tralia,. Africa, Ameiic^i, Ijough Moiume 


deposit. More slender than N, gracilis. 
Front view narrow-linear. 

N. Cari (E.). — Minute, smooth, lance- 
olate, slender, acute at both aides, with a 
circular median nodule. El . p. 179 ; EM. 
pi. 12. f. 20. Fossil. Cassel. 1-1160". 

N. oxyphyUiim (K.). — I’ellucid, ghissy, 
smooth, slender -lanceolate, gradually 
tapering to the acute apices; median 
nodule obsolete. KB. p. 92, pi. 30. f. 17. 
Marine. Near Flinsburg. 

N. velox (K.). — Minute, smooth, 
broadly or oblong laiiceohite, witli acute 
apices. KB. p. 91, pi. 3. f. 0(5. =A^. oh- 
Umyuy E^V. pi. 3. 1. f. 14. VVangerooge, 
Mexico. 

N. ajjoiima (K.). — Minute, smooth, 
slender-lauceolate, with acute, subros- 
trate ends. KB. p. 91, pi. 4, f. 1. Eiu'opo. 
Front view nan-ow-linear. 

N. Cesatii (Rab.). — IMinute, smooth, 
slender-laiKjeolatt) ; front view linear, 
with rounded ends. Rab 1). p. 39, pi. (5. 
f. 89. Piedmont. Very like N. aponitia, 
but more shiiider in the lateral, and 
broader in the front view. 

N. diyito-mdiata (Greg.). — Small, ob- 
long-lanceolate, with obtuse ends ; stria) 
fine, distinct, about 25 in *001", reaching 
the median line, those near the central 
nodule more distinct and highly radiant. 
^IHnnularia diyito-radiatUyaiS. iv. p. 9, 
pi. 1. f. 32. Scotland. 

N. Solaris (Greg.). — Elongated, nar- 
row-lanceolate, witli obtuse ends ; strim 
fine, very distinct, 30 in -OOl", oblique, 
radiant, and shorter opposite the inde- 
finite ccmtral nodule. TM. iv. p. 43, 

E l. 5. f. 10. Marine. Scotland. Colour 
rowii; strife so highly radiant round 
the central blank spot ns to present the 
appearance of a sun with rays. It is 
longer than N, radiosa, with finer and 
more inclined strife. 

N. Medite^'ranea (K.). — Minute, nar- 
row-lanceolate, with ontuse apices and 
20 striae in 1-1200"; froiK view strictly 
linear, truncate. KB. p. 93, pi. 3. f. 17. 
Marine. Europe. 1-1200". 

N. punctidatuy EM. pi. 1 5 a . f. .34, b. f. 1 3, 
14. Lough Moume deposit, Sweden, 
Africa. Ehrenberg figures this species 
as rhomboid-lanceolate, with longitu- 
dinal, parallel, dotted lines. 

N. appmdiculata (Ag., K.). — ^Minute, 
lanceolate, with slightly turgid middle 
and subrostrate obtuse ends. KB. p. 93, 
pi. 3. f. ^.^Frustulia and Cynihelm ap- 
mndiculatuy Ag. Europe. Front view 
linear, with truncate ends. In the lateral 
view the apices are somewhat produced, 
but scarcely rostrate. 
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N. tihtusa (E.). — Small, oblong-lan- 
coolate, with obtuse, rounded apices. 
EA. p. liil. North America, Asia, 
Africa. Kiitzing thinks it probably 
identical witli N, ivppmdindata^ 

N. itiflexa (dreg.). — Snifill, lanceolate, 
with subacute apices; costfe conspi- 
cuous, 20 in -001", highly radiant, nearly 
reacliiiig the median line, except oppo- 
site the central nodule, wliero they are 
shoi-t, leaving a largo, roundish blank 
space. =Pmm//urm?7^cj-«/,TM. iv. p. 48, 
pi. 6, f. 20. Scotland. Beneath each 
api>x is a strong, dark cross-bar, pro- 
bably caused by a depression, Greg. 

N. fortis ((ireg.). — Small, oblong- 
lanceolate or soiiKiwhat rhomboid, with 
obtuse apices; costie conspicuous, 10 in 
*001”, not r(niching the median line, 
gvaduall}' shorter and more radimit near 
the centrjil nodult'. = Pinnularia fortis^ 
TAI. iv. p. 47, pi. f). f. 19. Scotland, 
'furgid; cosUe prominent, so as to appear 
more distant than tlujy actually are. 

N.wu///Vy((K.). — V<! ry minute, smooth, 
turgid-lanceolate, with ilistinct median 
and terminal nodules. KB. p. 03, pi. 3. 
f. 32. Wangtjroogo. l-l/)00". 

N. Jitrf/nmi (K.). — Minute, smooth, 
tuigid or oblong-lancoolat(3, with obtuse 
apietjs and obsolete median nodule ; front 
view broadly linear, with truncate ends. 
KB. p. 03, pi. 3. f. 8. Island of Wan- 
gerooge, Germany. 1-720". 

N . viridala (KI). — Small, lanceolate, 
with obtuse, slightly produced apices; 
striio wanting or indistinct. KB. p. 91, 
pi. 4. f. 10. 15. Europe. 

N. cannuta (1C.). — Large, lanceolate ; 
front view linc'ar, with a bvofid dorsal 
longitudinal keel. EB. 1840, p. 18. 
Fossil. Shorcjs of the llhiHe, in volcanic 
schists: 1-2 10". 

N. diapluma (E.). — Largo, smooth, 
diaphanous, ehmgated, lanceolate, with 
obtuse apices ; the umbilicus int(;rcepting 
the doiible lAedian line. ICB. 1845, 
p. 78. Guiana. 1-102", llabitofi85^o««- 
ronris phajmeenteron, 

N. Schomhurykimim (E.). — Large, 
elongated, lanceoliite, with obtuse apices, 
and the habit of N, dia^hana, but with 
three longitudinal median lines. EB. 
1845, p. 70. Guiana. 1-180". 

N. lathiscula (K.). — Rather large, 
oblong or elliptic-lanceolate, with rather 
obtuse apices ; stria) shorter opposite the 
central nodule, 10 to 12 in 1-1200". 
KB. p. 03, pi. 6. f. ^,^N.paMa, SB. 
i. p. 49, pi. 16. f. 139. Europe, Ireland. 
Twice as long as broad; front view 
broadly linear, with truncate ends. 


N. SchomhurgkU (E., K.). — Largo, 
lanceolate, equal, three times as long 
as broad, with subacute apices, and 25 
stria) in 1-1152". KA. p. 71. = 
nularia Schojnburykii, EB. 1845, p. 80. 
Guiana. Is smaller and more obtuse 
than N, aqualis. 

N. palpehralis (Brdb.). — Broadly lan- 
ceolate, with subacute apices, and 27 
radiant strim in *001", which do not 
roach the median line. SD. i. p. 50, 
pi. 31. f. 273. Marino. France, Britain. 
Striae short, leaving a lanceolate median 
blank space. 

N. angulosa (Greg.h — Broadly lanceo- 
late or oblong, witli subacute apices; 
stria) conspicuous, short, fonning a nar- 
row marginal band, shorter near the 
middle, and leaving a smooth, rhomboid 
median space. TM. iv. p. 42, pi. 5. f. 8. 
Marine. J Britain. N. nnyulosa is larger 
than N. pa/pebraltSf and the angular me- 
dian space is a good and permanent mark 
of distinction ; nodule definite. 

N. radiosa (K.). — Small, slendor- 
laiiceolate, with subacute apices, and 
from 15 to 18 distinct, radiant stria) in 
1-1200". KTl p. 01, pi. 4 f. 23. = P/w- 
nulana radiosa, SI), i. p. 56, pi. 18. f. 173. 
Geimany, Britain. With stronger striso 
than N. gracilis, 

N. vtdpina (K.). — Rather turgid, lan- 
ceolate, with acute apices; front view 
broadly linear, with truncate ends and 
punctate margins; stria) obscure. KB. 
p. 92, pi. 3. f. 43. Germany. Inter- 
mediate between iV. gracilis and JV. Cfws- 
pidata, 

N. cuspidata (K.). — Broadly lanceo- 
late, with acute apices, a very minute, 
orbicular central nodule, and close, ve^ 
fine transverse striie. KB. p. 94, pi. 3. 
f. 24, 37 ; SI), i. p. 47, pi. 16. f. 131.=iVa- 
vicula fulva, EM. many figures. Common. 
Europe, Asia, Africa, America, (xii. 5.) 
Front view narrow-linear. 1-1150" to 
1-180". The lateral view is broader and 
more rhomboid than in N. gracilis, 

N. Cantonciisis (E.). — Broadly oblong- 
lanceolate, with acute, slightly produced 
apices ; stria) wanting or indistinct. EB. 
1847, p. 484. Canton. 1-480". It differs 
from N. caspidcUa in its shorter and acuto 
apices. 

N. amphtsp?ie7iia (E.). — Lanceolate, 
navicular, ^adually attenuated into the 
apices, with an oblong median nodule ; 
stria) wanting or obscure. EA. p. 129; 
'EM. pi. 9. 1. f. 16. America, Asia, Africa, 
Europe. Distinguished from N, cuspid 
I data by its oblong nodule. 

I phyUepta (K«), — Minute, slender, 
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siiiootli, narrow-lanceolate, with acute 
apices; front view strictly linear, with 
truncate ends. KB. p. 94, pi. 30. f. 56. 
Marine. Eiu’ope. 

N. Meleayris (K.). — Somewhat turgid, 
lanceolate-acuminate, witli an elegantly 
punctate margin. IvB. p. 92, pi. 30. f. 37. 
Marino. Europe. Front view broadly 
linear. 

N. yracilh (E.). — Small, elongated, 
slender-lanceolate, with subacute ends; 
strim very fine, radiant, 22 in *001", 
rcjicliing the median lino. E; Infus. 
p. 176 ; EM. many figures. Europe, Asia, 
Africa, America, Lough Mourn e deposit. 
1-1500" to 1-560". 

N. oxyptera (K.). — Elongated, slimde.r, 
niaiTow-lanccolate, with acute apices, and 
fine, slight!}’ radiant, transverse striae. 
KSA. p. iS^.=Pinmilaria amphioxysy lOM. 
many tiguiHjs ; P. acuta ^ SD. i. p. 56, pi. 18. 
f. 171. Europe, Asia, Australia, Arica, 
America. 

N. Kvfvinyensis (E.). — Small, striated, 
lanceolate, navicular; strife converging 
at the centre, 17 in 1200". EB. 1840, 
p. 20. = Pinmilaria KcfviuycnsiSf EM. 
pi. 10. 2. f. 4, 5. Fossil. Bohemia, 
Asia. 

K. pvreyrina (E., K.l. — Striated, nar- 
row-lanceolate, gi’adufdly tapering to the 
subacute apices ; pinnules oblique, reach- 
ing the median line, 13 in ’001". KB. 
p. 97, pi. 28. f. Pinnularid pereyrinay 
l^A. p. 133, several figures; SI), i. p. 56, 
pi. 18. f. 170. Marine. Europe, A.sia, 
A IVi ca, i\ m erica. 

N. hptnsliyma (E.). — Strifited, lan- 
ceolate, with .siibataito, slightly produced 
apices; the traiisvtirscj dotted strife in- 
conspicuous. I’lB. 1845. = Pinimlat’i(j, 
lipfosfiyma, EM. pi. 33. 12. f. 25. Fossil. 
United States. Twice Jis long as broad. 
1-432". 

N . Ehrvnhcryii (K.). — Lanceohite, with 
somowhfit acute fipices, and fiiuj, radi- 
fiting strife. KB. p. 92, pi. 3. f. .38. = 
Nnricula lanceolaia, E. Inf. pi. 13. f. 21. 
Europe. 

N. neylecta (K.). — Turgid, lanceolate, 
with suljacute apice.s, margins longitu- 
dinally costfite and transversely striated. 
KH. ‘p. 92, pi. 28. f. 44. ^Pmnularia Ian- 
cmlatuy hi A. pi. .3. 1. f. 6. Europe, Ame- 
rica. Front view oblong, with incras- 
sated middle and truncate ends. 1-1150" 
to 1-280" ; strife 13 in 1-1200". 

K. Semprouia (Perty). — Minute, 
acutely lanceolate; strife not rt;nchiiig- 
the median line , front view linear, 
slightly narrowed towards the ends. 
I’erty, Microsc. Org. p. 204, pi. 17. f. 8. 


Alps. Belongs to tho smaller species, 
and is very like N. exilis, 

N. directa (S.). — Slender, nan’ow- 
lanceolate, acute ; costte line, parallel, 
reaching the median line, 20 in *001". 
= Pinnidaria directUy SI), i. p. 56, pi. 18. 
f. 172. Marine. Sussex. hT*ont view 
narrow-linear. 

N. pulclira (flreg.). — Broadly lancfio- 
late or somewlnit rhomboid ; stiife radi- 
ant, strongly moiiiliforin, nearly rofiching 
the median line, shortm* opposite tins 
slightly dilated indefinite nodules. TM. 
iv. p. 42, pi. 5. f. 7. Marine. Scotland. 
Rapidly tfipering to the obtuse apices. 

N. hmya (Clreg.). — Much elongated, 
lanceolate or slightly rhomboid, acute; 
costfc conspicuous, about 12 in *001", 
nearly reaching the median line, some- 
what" shorter and nulifint opposite tho 
central n()diih‘.=P5f?////^fri/« Umyuy (Jrt'g. 
I'M. iv. p. 47, pi. t5. f. 18. Scotland. 'Pho 
only known form to whicli it has any 
rcjsemblance is N. directUy but the laltiu* 
form is not rhombic, and the strife are 
mii(‘h mor(j numerous and paifillel. 

N. acufimcuUi ((JiH'g.). — Elongated, 
slender, linoar-lamreolatf', acute ; co.stfu 
distinct, fibout 30 in *001", reacliing the 
median line, ccmtrfd ones radiant and 
more conspicuous. = 7 anilius- 
adUf 3'^!. iv. p. 48, pi. 5. f. 21, Scothind. 

N. costatn (K.). — Oblong-huiceohiti), 
'with obtuse apices, and longitudinal 
punctated lines; median nodule large, 
terminal oiuis minut(i. KB. p. 93, pi. 3. 
f. 56. hossil. Santa More. M’ont 
view oblong, with broiidly rounded 
apices. 

N. Norroyica (E., K.). — Broadly ob- 
long, with acute apices, a mirrow strifited 
border, andasinootli median space; .strife 
30 in 1-1200". KA. p. 7\). = Puiuulnria 
Norveyicuy E. Marine. Europe. I'^rout 
view narrow-linear, truncate. 1-360". 

N. Lihyca (I'l.). — Small, strifited, 
acutely ol)long-lfinceolate,«'with 14 .strife 
in 1-1200" ; front view quadrangular, 
with trunirato ends. EB. 1840, p. 20. 
Sinai. 1-550". It has the habit of N, 
falra, but i.s wider, and not rostrate. 

K. Papula (K.). — Minute, smo»th, 
oblong-lanceolate, with .slight produced 
apices. KB. p. 93, pi. 30. f. 40. Europe. 

N. alpina (S.). — Large, oblong-lan- 
ceolate, with obtuse ends, and 7 to 9 
stout, distant, radiant costfe in ‘001 ", 
which do not reach the median line.= 
Pimndaria alpinay SI), i. p. 55, pi. 18. 
f. 168. France, Scotland. Front view 
broadly linear, with truncate ends ; costae 
shorter near the central nodule. 



OF TDK naticule^f:. 


«07 


N. distam (S.). — Lanceolate, with 
subacaito apices ; costa3 radiant, distant, 
10 in. ’001", not reaching the median 
\\\\i\ = Pinnularia distanSf Si), i. p. 60, 
pi. 18. f. loo. Marine, (common, espe- 
cijilly from decjp drtjdgings. Costyo 
shorter opposite tlie central nodule. 

N. dr//ans (S.). — Broadly or elliptic 
lanceolate, with slightly acuminated 
ends; striye distinct, 24 in *001", waved, 
radiate, nearly reaching the median line, 
.shorter opposite the cenlrjd iiodide. 
SD. i. p. 40, pi. 10. f. lo7. Marine. 
England. 

N. pvrmm/ua (Bai.). — Large, turgid- 
lanceolate, with ubtus(i apices, a mar- 
ginal band of punctated .stria*, and a 
brojid, lanceolate, longitudinal meditin 
blank space j nodule indefinite. 
hiria pvi'nuupui^ IIMU. p. 40, pi. f. 28 & 
08. LJnited States. 

II. VtilcvH Unmr or oldom/j neither 
rostrate nor constricted. 

t Ends scarcely cuneate. 

N. Jiucillnm (hk). — Tanear, with trun- 
(tah‘, rounded ends ; sfrije indistinct, 64 
in •(K)r'. JOM. .sev(‘ral ligur<‘S. = JV. bacil- 
tarisj dreg. M.T. iv, \)\. 1. f. 24. Ehren- 
btug gi> e.s about 60 habitats in Europe, 
Asia, Australia, Africa, and America. 

borealis (Ik, K.). — Small, striated, 
linear, witli slightly athmiuited, roundcHl 
apices j stri;e sto\it, rather distant, not 
ri?achiiig the nu'dian lim*, 10 in 'OOr'. 
.I\B. p. 00, pi. 28. f. 08-72. = Pinnn/aria 
bftrealisj IkM. nunierons figures; Pinna- 
ttiria latest riaf<ff ( ireg. 31,1. ii. pi. 4. f. 10. 
(vii. 74.) A very common amd widely 
diiru.sed .specie.s. Ehvenberg gives about 
200 habitats for it. loiter and more ! 
dilated* at the middle, = Pinnalaria 
' Caraveanay Ik Under moss on trees. 
4’he front view of this species is linear, 
with truncated ends and striated mar- 
gin.s, and ri*.ssinbles that of detached 
iiustules of Denticida and Odontidium. 

N. Chitensis (E., K.). — Largo, liiiefir, 
with broadly rounded apices, and 11 or 
12 stout costoc in 1- 1 200". K A . p. 70. = 

Pimmlaria Chilensisy E3I. pi. 34. 11. f. 3. 
Australia, Asia, Africa, America, (xii. 
33.) (yostjo ])arallel, equal. Approaches 
• to N. t'iridisy but is sliorter and broader. 

N. rectanpalaln (Greg.). — Jjinear, with 
truncate, rounded ends ; costaj rather di- 
stant, 22 in *001", lu'arly reachin”^ the 
median line, (jxcept opposite the dilateil 
iiuhdinite nodule, and there shorter and 
diverging. GBU. p. 7, pi. 1. f. 7. Alarine. 
Scotland. 


N. Iridis (E.). -— liargo, elongated, 
linear-oblong, tapering into the obtuse 
apices, finely striated both longitudinally 
and transverselv, iridescent. EA. p. 130, 
pi. 4. 1. f. 2. New York. 

N. oblonga (K.). — Elongated, slender, 
oblong or linear-oblong, with rounded 
apices ; costm stout, connivent at the 
centre. KB. p. 07, pi. 4. f. 2l.=Pinnu- 
laria j)oli/2)teray\^X. p. 133; P, macUentay 
E. Common. Wo follow Kiitzing and 
Smith in referring P. macUentay E., to 
this species ; Ehrenberg’s figures, liow- 
over, dilli'r from tluurs in being more 
linear, with less tapering apices. 1-140". 

N. Oregonica (E., K.). — JOlongated, 
bacillar, uniformly and gradually de- 
creasing towards the rounded apices; 
pinnules stout, 23 in 1-1162". KA. 
p. T\.=Pinnidaria OrcijonicUy EB. 1816, 
p. 70. Fossil. Oregon. 1-228". It 
approaches to N. JJigituSy but is more 
slender. 

N. truncata (K.). — Minute, smooth, 
linear, with tnincato-rounded ends, and 
an inner marginal border twice con- 
stricted ; front view broadly linear, 
truncate. KB. p. IKi, pi. 3. f. 34. lilii- 
rope. 

N. Liber (S.). — Linear-oblong, with 
rounded apices, and 48 delicate strijo in 
•001"; colour of dry valve purplisli. 
SB. i. p. 48, pi. lo; 1: 133. 31ariiie. 
Sussex. 

N. St gins (E.). — Elongated, naiTow- 
linoar, with rounded eiuls, and having 
longitudinal dotted lines on each side. 
E31. pi. 16 A. f. 30. Asia ; Ijough Moimie 
deposit. 

N. Pirgadensis (Greg.). — Bather small, 
narrowly linear-oblong, with rounded 
ends ; cost;e distinct, 26 in *001", nearly 
reaching the median line, shorter and 
radiant opposite the roundish, smooth 
umbilicid = Pinnalaria Ergadensisy 

TM. iv. p. 48, pi. 6. f. 22. Scothand. 

N. stgliformis =Pinnnla}'ia stgliformisy 
EM. pi. 38 A. 17. f. 0. Australia, ^Vfrica, 
America. EhriJiiberg’s figure represents 
a portion of an elongated, narrow, strictly 
linear Vtal VC, with rliomboid ends, and fine, 
parallel striio whicli reach the mqdiau 
line. 

N. Dactglus (E., K.). — Tiarge, elon- 
gated, linear-oblong, passing by a vtu-y 
gentle curve into the slightly iiaiTower, 
broadly roimded apices ; pinnules 14 in 
1-1206". KB. p. 98, pi. 28. f. 60.= 

Pinnularia DaclghiSy lOA. p. 132, pi. 4. 1. 
f. 3. J^urope, Asia, Africa, America. 
Lough Moiirne deposit. 

N. viridis (Nit7.sch, K.).— Elongated, 
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slender, linear-oblong or linear lanceo- 
late, with obtuse apices ; 12 to 14 radiant 
costie in 1-1200", shorter opposite the 
central nodule. KB. p. 97, pi. 4. f. 18.= 
Pinnularia viridisj E., in part ? ; Navicuht 
inridtda, E. (ix. 133-130.) Common. 
1-3000" to 1-280". 

N. hamiptera (K-)* — ^NaiTow, linear- 
oblong, with obtuse, conic apices, and 
14 or 15 radiant costa3 in 1-1200", which 
do not reach the median line. KB. 
. 97, pi. 30. f. 11. = IHmmUiria Imni^ra, 
D. ii. p. 95. America, Europe. Front 
view linear, with rounded angles. Often 
overlooked from its resemblance to N. 
viridisy from which it is distingidshed by 
its finer strim and murower valve. 

N. (squinoctiaUs (Mont.). — Rather 
large, linear-oblong, with roiuided apices, 
and 4 stout, radiant pinnules in 1-2000". 
Montague, Annalea dea Sciences Nat. 
1850, p. 309. Guiana. 1-200” to 1-150". 
In form it resembles N, DacUjlm^ but 
differs in its size and much larger strim. 
In the latter respect it approaches to N. 
pnckypterayhwt has not the median infla- 
tion of that species. 

N. plvunmhora fK.). — Large, stout, 
oblong, or linear-oolong, witli broadly 
rounded ends, and 0 stout costa) in 
1-1 200' KA . p. 70. = Pinnidaria costatUy 
EM. pi. 4. 2. f. 5 j Plnnularia meyalopteray 
EM. pi. 3. 1. f. 4. America, Asia. 

N. tSuecica fE.). — Oblong-elliptic, with 
broadly rounued ends, short, stout, rather 
distant marginal costae, and large central 
blank space. E Inf. n. 180, t. 21. f. 18. = 
PiHmdana Sitecicay EM. Fossil. Sweden. 

N. Utta (Brdb.). — liarge, linear-ob- 
long, with rounded apices, and 8 stout 
costie in *001”, which do not reach the 
median line, and are shorter and some- 
what coimiveiit opposite the central 
nodule. KA. p. 70. = Pinnularia hitay 
SD. i. p. 55, pi. 18. f. 107. France, Bri- 
tain. Front view very broad linear, with 
rounded angles, truncate ends, and 
striated margins j the central nodules 
largo. This species approaches closely 
in character to N. Suedca, 

N. I>iyitus=PinmilaHa Digitm, EM. 
pi. 33. 8. f. 15 ; pi. 38 A. 3 B. f. 1. Ame- 
rica, Java. This species is figured os 
large, linear-oblong, with broadly 
rounded ends, and stout, parallel costm 
which do not reach the median line. 

N. Dux=iPinnulana Duxy EM. pi. 8. 2. 
f. 6. Fossil. Hungary. Ehrenborg repre- 
sents it ns large, elliptic-oblong, with 
rounded ends and divergent costm, which 
do not reach the median line, and are 
shorter opposite the central nodule. 


N. ostrearia (IL). — Small, 'elliptic- 
oblong, with rounded ends, large central 
nodule, and close, fine stria). EA. p. 77, 
Marine. France. 

N. retnsa (Br6b.). — Striated, narrow- 
linear, with rounded ends; front view 
broad, quadrate, with rounded angles, 
truncate ends, and concave and striated 
lateral margins. Bn5b DC. p. 10, pi. 1. 
f. 6. Marine. Europe. The frustules 
are much compressed ; and consequently 
the front view is so much broader than 
the lateral sm’faces, that it is ditKcult to 
obtain a good sight of the latter. N, 
retusa, N. npimhiUiy and a few allied spe- 
cies probably ought, avS suggested by M. 
do Brebisson, to fonn a separate group, if 
not a distinct genus, distinguished by 
the great comparative breadth of its 
front view, with its striated and sinu- 
ated or constricted lateral margins. 

N. scita (S.). — Nitescent, linear-ob- 
long, with attenuated, obtuse ends; striio 
very faint, 45* in ‘OOl” ; nodule small. 
ANIl. 1857, xix. p. 8, pi. 2. f. 4. I’yreiiees. 

N. parnda (Greg.). — Small, narrow 
linear-lanceolate, with obtuse ends and 
distinct costie, whicli do not reach the 
median line, = Pinmdaria parva, MJ. ii. 
p. 98, pi. 4. f. 11. Mull. 

2t Valves linear or oblong, with 
cuiieate ends. 

N, amphiyomphus (E.). — Large, 
broadly linear, with sluiiply cuneate ends, 
with or without obscure longitudinal 
lines; strisB obsolete or distinct. EA. 
p. 120, pi. 3. 1. f. 8 ; EM. niiiny figures. 
America, Asia, Europe. Lough Moumc 
deposit. /3, striie distinct. = PinmiUiria 
amphiyomphttiiy EM. pi. 14. f. 11. 
Cavenne, France. 

N. dilatata (E.). — Large, oblong or 
broadly linear, with obtuse, cuneate ends, 
and furnished with longitudinal linos 
near the margins. EM. 'many figures. 
Europe, Lough Moume. 

N. disphema (E., K.). — Linear, elon- 
gated, with sharply cimeate ends, finely 
striated near the margins. KB. p. 93, 
pi. 28. f. 54. = Pinnularia disphmiay EA. 
p. 132. America, Australia. Approaches 
to AT. amphiyomphm, 

N. acuta (K.). — Narrow-linear, smooth, 
with acute, shortly cuneate apices. KB. 
p. 03, pi. 3. f. 49. Island of Wangerooge, 
Australia. 

• N. subacida^ Pinnidaria suhacuta, EM. 
pi. 35 A. (}. f. 12. Perth, Australia. 
Ehrenberg’s figure represents this species 
as linear, with cuneate apices, fine, close, 
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E arnllel strioo, which reach tlio median 
lie, and a small central nodule. 

N. acuminata (S.). — Linear, with 
acutely cuneate ends and parallel costae, 
which do not reach the median line.= 
Pinnularia uimminata^ SD. i. p. 55, pi. 18. 
f. 104. Ih’emnay peat. 

N. minor (dreg.). — Minute ; lateral 
vitiw linear, with acutely cuneate ends; 
strijo fine, nearly parallel, not reaching 
the median line, "8(1 to 40 in 001". GDC. 
p. 5, pi. 1. f. 1. Scotland. 

N. crassa (Greg.). — Linear- or elliptic- 
oblong, with obtusely cuneate ends ; 
striie tine, but distinct, monilifoi*m, radi- 
ant, nearly reaching thtj nu'dian line, but 
leaving an orbicular blank space round 
tlie central nodule. MJ. iii. p. 41, pi. 4. 
f. 18. Scotland. Is of a brown colour 
in balsam. 

N. Utricnlus (L., K.). — Striated, 
linear-oblong ; ends attenuated, with a 
slight marginal curvatuit?,iuto tluj obtuse 
apices. KB. p. = Pinnularia Utri- 
cultiSf EA. p. 134. Mexico. Akin to 
AT. disphenia. 

N. triyonocephahi (E.). — Striated, 
linear, with the ends dilated into largo 
cuneate heads, = Pinnuluna triyonoce- 
phiiUi, EM. pi. 34. 8. f. 11. Japan. Very 
unlike any other species in liaving the 
cuneate heads much dilated and broader 
than the intermediate portion. 

N. microstoma (1C.). — Large, turgid, 
elongated oblong, witli obtusely cuneate 
ends, longitudinal lines, and a very mi- 
nute oblong median nodule j strim nume- 
rous, obscure. KA. p. 71. = ^^. latuy KB. 
p. 92, pi. 3. f. 51 ; N.firmay SD. p. 48, 
pi. 1(). {. 138. Europe. Iront view broadly 
linear, with truncate ends,/ounded an- 
gles, and broad lateral borders, turpd at 
the middle. Perhaps Professor Smith 
was right in uniting this to N. firma, 
'i^.Jirma (K .). — Tjarge, turgid, oblong- 
lanceolate, wi^ obtuse, cuneate ends, 
thick borders, and large median nodule ; 
striae wanting or obscure. KB. p. 92, 
pi. 21. f. 10. Fossil. Santa Fiore. 

N. maxima (Greg.). — Large, striated, 
linear, with longitudinal lines, and ob- 
tuse, cuneate or conic ends ; striae fine, 
parallel, nearly reaching the median line, 
shoitor opposite the central nodule, 
about 62 in 001". GDC. p. 15, ph 1. 
f. 18. Marine. Britain. (vir. 75.) 
Generally elongated; nodule definite, 
surrounded by a smooth space. Fron^ 
view linear, narrowest at tlie middle, 
with striated margins. Differs from N, 
firma in its paler colour, finer striae, and 
more obtuse apices, Greg. 


N./ormosfl (Greg.). — Large, striated, 
linear or linear-oblong, with longitudinal 
lines, obtuse, cuneate or conic ends; 
striae distinct, slightly inclined, not 
reaching the median line, shorter oppo- 
site the largo central nodule, about 35 
in *001''. TM. iv. p. 42, pi. 5. f. 6. 
Marine. Scotland. Agrees in form with 
AT. maxinMy but is distinguished by its 
more conspicuous and slightly inclined 
striae which do not roac;h the median 
line, leaving a longitudinal median blank 
band. 

N. Keryuvhmsis — Oblong, with 
I obtusely cuneate ends ; cosUc stout, 
radiant ; nodule indefinite. = Pinnularia 
Keryueknsisy EM. pi. 35 a. 2. f. 15. Africa. 

I. Valves ellijiticy with rounded ends. 

N. cocconeoides QXch.). — Small, ellip- 
tic, with broadly rounded ends, and 11 
to 13 parallel and distinct, but faint 
strue in 1-1200", which reach the median 
line. = Pinnularia cocconcoides, liab 1). 
p. 43, pi. G. f. 18. Stockholm. 

N. scutvlloides (S.). — Small, subor-- 
bicular, with 18 nionilifonn, radiant 
strim in *001", nearly reaching the 
median line. SD. ii. p. 01 ; Grcig. MJ. iv. 
pi. 1. f. 15. Britain. 

N. (Bnib.). — Jjinoar-elliptic; 

with rounded ends, and 22 striao in •001". 
SD. ii. j). 92. Marino. Franco, Britain. 
Fmnt view with truncate ends. 

N. 'Alycriensis (Mont.). — Elliptic-ob- 
long, with 10 strim on each margin. 
M. FI. d’AlgiSr. p. 190. Marino. Algiers, 

N. Cluthensis (Greg.). — ^l^lliptic, with 
broadly rounded ends ; stritc conspicu- 
ous, monilifonn, reaching the median 
line, about 20 in *001" ; median lino 
broadest at the central nodule, slightly 
attenuated towards the ends. GDC. 
p. 6, pi. 1. f. 2. Scotland, (vii. 73.) 

N. ovalis (Nfig.). — Finely striated, 
oval elliptic ; front view broadlv linear. 
1-720'' to 1-000''. KA.p.890. Switzer- 
land. 

N. oblonyella (Nag.). — Smooth, ob- 
long-oval ; front view broadly linear. 
1-720" to 1-430". KA. p. 890. Switzer- 
land. 

N.fossilis, EM. pi. 10. 1. f. 6. Bohemia. 
Ehrenberg’s figure shows this species 
elliptic, slightly rhomboid, with rounded 
ends ; the median suture of three lines, 
interrupted by the indefinite central 
nodule. 

N. nana (Greg. MS.). — Minute, oval, 
obtuse; costro radiant, nearly reaching 
the median line; Mmbilical space not 
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dilated. = Pinnulana pyqnum, EM. 
id. 10. 1. f. 9; MJ. iiV pi. 1. f. 8. 
Europe. 

N. hpida (Greg.). — Minute, hyaline, 
oval, or oblonjr, with obtuse ends ; strias 
indistinct from tliidr transparency, 
slijrhtly radiant. MJ. iv. p. 7, pi. 1. 
f. "IVy. Scotland. 

N. ocoanica. — Elliptic-oblonj:!:, twice 
ns long as broad, with subacute apices, 
small, round, clearly -defined umbilicus, 
and double median line; margin dtdi- 
cattdy but widely striatcid ; pinnules 20 
in 1-1200". Southern Ocean. 1-570". • 

K. Median line Jl^exiiose, 

N. tamidn (Tlreb.). — Tiavge, tumid, 
sti‘iat<‘d, twisted, oblong, with obtuse 
apices, a flexuosc' nu'dian line, and closti, 
fine slrim, whicli roach the median line. 
KA. p. 77, = N, Jenneriii SD. i. p. 49, 
pi. 10. f. 1*"M. Marine. Eraiictj, Ihitaiu. 
(viT. 55.) Front view broad linear ob- 
long, with rounded angles ; Irustules 
twisted, so that th(; hyaline central por- 
tion appears dexuose. 

N. eonvexa (S.). — Earge, tumid, stri- 
ated, twisted, linear oblong, with conic 
apices, a dexuose me<lian line, and 21 
stria) in *001", whicJi do not quite reach 
the median line. SJ). i. p. 49, pi. 18. 
f. l.SO. Marine. England. Front view 
broadly linear-oblong, with roundi‘d 
angles, and a naiTow, dexuose, longi- 
tudinal median band. 

N. Wedii (S.). — llroadly lanceolate, 
with subacute apices, and 38 delicate 
stvije in *001", whi(rh nearly roach the 
slightly Hoxuose modi.an line. 81). i. 
p. 49, pi. 10. f. 135. JMarine. England. 
C’olour of dry A'alve dark puiqile; front 
view linear, with rounded angles, and a 
narrow, slightly ih'xuose median band. 

N. ? eampijloymmma (E.). — Small, 
o\ ate, obtuse, smooth, with a llexuose, 
sigmoid median line, and orbicular cen- 
tral nodule. Ell. 1853, p. 30. Havana, 
Ehine. Probably identical with Aehnan- 
tlddiam jlexellam, since hlhreiiberg states 
that he has seen it, together with xieh- 
nanthes? liaraj'icay distributed under the 
name of Cyrnhella Jiexella. 

N. toHuom — Smooth, crystalline, 

rather turgid, and somewhat tortuous, 
so that one end has a more obtuse apex. 
EB. 1843, p. 271. 1-288". 

N. dissimilis (8.). — Frustulos oblique ; 
elliptic; median line somewhat diagonal 
from the obliquity of the frustule, re- 
curved at extremities ; stria) obscure. 
AN II. 1857, xix. p. 8, •pi. 2. f. 0. Pyrenees. 


L. Frustules hmatehj curved in the 

front view, 

N. (jenujlexa (K.).— Parasitic, smooth, 
naiTow-laiiceohite, obtuse; front view 
linear, with trunciite. ends, lun.ately 
curved. KB. p. 101, pi. 21. f. 0. Maiine. 
Peru. 

M. FvmUdea Innately curved in the 

lateral view. 

N. Neapolitann (Bab.). — Tamately 
curved, linear, with truncale ends, and 
transverse strijc. = Faleatetla Neapoli^ 
tana, Bab 1). p. 4(5, pi. 5. f. 3,. Italy. 

j 'N. lunala (iv.). — Smooth, small, lu- 
nately curved, narrow-linear, with 
slightly rounded einls ; front view 
linear, trmieate. IvB. p. 101, pi. 4. 
f. 1. ‘L = Faleatella lunata, Bab 1). p. 4(5. 

1 tal V. 

N. Jlomftna (Bab.). — Smooth, altaclu'd 
by a gelatinous base; lunalcdy curved, 
linear, with t runcate (uids ; front vi<;w 
linear laiureolate, truncate. = Fahatvlla 
lioinamiy Bab 1). p. 4(5, pi. 5. f. 1. Italy. 

Doahlfnl or in.snffieiently described 
ISpeeies, 

N. vnrians (Greg.). — Form and size 
variable; stria) ol)lique, 14 to 18 in 
*(K)1", nearly reaching the median line, 
more conspicuous opposite the central 
nodule, and highly radiant. TM. iii. 
p. 12, pi. 2. Britain. In this species 
Ih’ofessor Gregory disregard tal form and 
size, considering the number and dispo- 
sition of the stria) as the essential cha- 
racters. 

N. miitahilis (Grog.). — Form and size 
variable ; st^’iio as in N. rariansj but 
finer, and from 24 to 20 in -OOP.'. 3'M. 

iii. p. l^.^Pinmdaria exiyna, M.T. ii. 
pi. 4. f. 14. Britain. We concur in 
opinion with the late Professor Smith, 
that these species are ^'aguely de- 
fined, and that probably they are con- 
stituted of forms belonging to various 
other species. 

N. minutissima (Bab.). — Exceedingly 
minute, but with distinct median nodiile. 
Bab 1). p. 39, pi. (5. f. 80. lV*rsia. 

N. meyalodon = Pinmdaria meqalodon^ 
EM. pi. 33. 14. f. 21. America. The 
central portion of a hu’ge, oblong species, 
with stout, distant, parallel costie, Avhich 
do not reach the median lino. 

N. omphalia (E.). — Tiarm^, iridescent. 
With very fine, granulated, dociissfiting 
lines; umbilicus orbicular, solid, hyaline, 
divided b^ the straight median lino. 
Fossil, fragments in Beiinuda deposit. 



OF Tin: NAVTCULE.T 3 . 


911 


N. RJiaphomns = Pinmihtrin Rhapho^ 
nvk, E.M. pi. ;{5 A. J). f. 7. 

oLloiin-, Avilli siibaciitt^ apices, a 
.small c(.*ntral nodule, and divorj»:ing stnic. 

N. mn/souia (1^^). — Minute, smooth, 
elliptic, with roumiod t*nds, and marked i 
by two narrow, longitudinal bhud< lines, 
which eoiivernfo at cacli end and are 
connected at the centre by tln> transverse 
nodule. J^ilb i8.*{8. = iSftntroHris ritn/- 
soinftf EM. pi. 21. f. :U). IVjssil. Algiers. 
Apparcmtly more allied to the lyratc 
group of Navicula than to Sfcuironeis. 

Spcctrs from Rhreohcrfj, hnown to m 
onhj hy imnw. 

N. cvratostiymaf N. JorihuUf N. Loyn- 


men, N. (wqyhihptay N.ohUqmy N.tnryuhiy 
N» Stmof/ttlrnsisy N. FalklandirUy N. Catha^ 
rincBy N. consporHa, N. Sanmurp, N, nula- 
cophevnay N. Rarhadmsis, N. Ruryalvy 
N. hptoceroSy N. spharopteray N. Vibrio, 
JVl Uptotermia, 

Rinmilaria ajjiniay Ehrenbcrg gives MO 
habitats. It may be a fonn of Nadcula 
trffttiisy with more evident atriiu. 

P. amhiyiiay P. austratisy P. insular in, 
P. pleuronertes^ P. Prrissiiy P. FusuSy P. 
Plienanay P. Cratirulay P. jiteroplurnay 
P. qilatysonuty P. CafharinfVy P. anomala, 
P. IlvmprivhUy P. Livnarto, P. (Wprnsis, 
P. CaffrUy P, (nitarviway P. Folium , P, 
mirrosplu'uiay P. pIruronretrSy 2\ Arau- 
oanicCy P. Rarbadrusis, 


(ic'iius SI ALltOXETS (Ehr., Tviitz.). — Eru.stnlc.s simple, free in front view 
pnnillelogrumic ; vals c.s with median lino and nodules, (central nodule trans- 
versely dilatcHl. Stauroneis differs from Navicula in having tlui central 
nodule prolonged into a tran.svei-sc pellucid band (staiiros) free fi-om stria*. 
“ In a few cases we meet with the semblance of a stauros in the genus 
Pinnulana [Navicula] ; but in these instances a closer examination will .show 
that this appearanoe aris(\s from the interruption of the cpstm merely, and 
not from the dilatation of the central nodule, which is .still found unchanged 
(Smith). Eluenberg divido.s this genus into Stauroneis and Staujoi)t('ra— the 
former having smooth, and the latter striated frustidi's ; but we agree with 
Ih'ofossor Kiitzingin thinking the di.stinction, as in Navicula and Piimulaiia, 
uTis{itisfa(jtorj^ and that many .species would bo referred by the observer to 
the one or other genus according to the magnifying povx er of the microscope 
used in the examination. 


* Valcrs* constricted at the cod re, 

Stal'UOnkis constriefa (E.). — Small, 
oblong, deeply coiistricited at tlio centre, 
and .slightly contracted into obtu.se 
npi<e.s. JO A. p. 1M4, pi. 1. 2. f. 12 6. 
(Miili, AiLstralia, Africa. 

S. Jtabrnhorsfii. — Linear, witli broadly 
rounde'd ends tand concave sides; costa) 
stout, obli(pio; .'^laiiros linear. = Sfauro- 
pfera constrietUy llab D. p. 50, pi. 9. f. 10. 
Itiily. 

2* Valves irith 2 or M undulations, 

S. injlala (K.). — Small, linear, with 
two constri(*tions, and thri;e dihitation.s ; 
ends broadly rounded; stauro.s linear, 
roaMiing the margin. K I J. p. 105, pi. MO. 
f. 22. Trinidad. 1-480" to 1-428". 

S. Ph//y<cn(Jh’eb.). — Lanceolate, acute, 
with two undulations; atauro.s very 
slightly dilated toward.s the margin ; 
strhe di.stinct, 22 in *001"; front view 
rectangular. *008" to *015". TM. vii. 
. 180, pi. 0. f. 6. Fresh wattu*. Mel- 
ouriK’. "J4iis beautifid species resembles 
S. acuta, but is easily distinguished by 
il.s marginal undulations. 


S. Ijeyumen (E.). — Small, oblong- 
lanc(M)l}ito, each in.'irgin Avitli three uu- 
dulation.s ; apices apicuhited ; .stauro.s 
linear, reaching the margin. lOH. 1814 
p. IM5; KM. pi. MO. M. f. 104; CJreg. 
MJ. iv. pi. 1. f. 9. = Stauroneis linearis, 
SI), i. p. ()0, pi. 19. f. 19M. America, 
Europe, (vu. 07.) 

3* Valves with a siymoid median lino, 

^ S. Siyma (E.). — Stout, lnnc(?olat(', 
sigmoid, with obtu.so apices : stanro.s 
abbreviated. EE. 1844, p. 88 ; J^:Ar. 
pi. 18. f. 03. Fo.ssil. Eichmond d(iposit. 
It has the form and size of Plcurosiyma 
acuminatum 'y but its nuMliaii iiodide is 
dilated, as if geminate. 1-240". Ehr. 

S. oblifpM (Oreg.). — Small, short, ob- 
long, or broadlvlanceolate, with a .sigmoid 
or oblique median line ; .stauros reaching 
tlie margin ; strim tiiui, 45 in -001". M.1. 
iv\p. 10, pi. 1. f.M6. Lochleveii. (vii.(i3.) 

. 4* Valves with rostrate or capitate 

apices, 

S. dijatata (E.).~8mall, V(;ntrico.se, 
with minute, manwuiform beaks ; stauros 
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linear, nearly reachinf^ the marp^ii. EA. 
pi. 1. 2. f, 12 a; SD. i. p. (50, pi. 19. 
I. 191. America, Australia, (xii. 10.) 

S. exilk (K.). — Very minute, ventri- 
cose, shortly rostrater; stauros linear. 
KIl. p. 105, pi. 30. f. 21. Trinidad. 
1-2400". 

S. •punctata (K.). — Small, vcntricose, 
with rostrate apices, and 27 radiant 
punctate striae in ’(X)l" ; stauros linear, 
abbreviated. KB. p. 106, pi. 21. f. 9; 
SD. i. p. 61, pi. 19. f. 189. Britain. 
Fossil, Santa Piore. 

S. anceps (E.). — Small, lanceolate, 
constricted beneath the subcapitate 
apices ; stauros linear, not reaching the 
margin ; striie very delicate, 45 in -(X)!". 
EA. p. 134, pi. 2.“1. f. 18 j SI), i. p. 60, 
pi. 19. f. 190. Europe, Asia, Africa, 
America. 

S. CmcicuJu (S.). — Small, elliptic- 
lanceolate, somewhat A^entricoso, pro- 
duced at the ends into minute, conical 
beaks ; stauros very naiTow, linear, 
reaching the margin. SI), i. p. 60, pi. 19. 
f. 192. Marine. Ireland, (vii. 64.) 

S. ventricosa (K.). — Very minute, 
ventricose, constricted beucath the capi- 
tate apices j stauros linear, not reaching 
the margin. KB. p. 105, pi. 30. f. 27. 
Gei-many, France, Britain. 

S. capitata (E.). — Very small, oblong, 
twice os long as broad, suddenly con- 
stricted beneath the capitate apices; 
striae 18 in 1-1600". EB. 1844. Southern 
OctMin. Front auow linear. 1-1152". 

S. phyllodes (E.). — Tiu’gid-lanceolate, 
with the apices produced into short,, 
subacute beaks ; stauros linear, reaching 
the margin. EA. p. 135, pi. 1. 2. f. 10. 
Americai, China, (xii. 7-9.) 

S. Simwiij EM. pis. 35 a, and 38 a. 
many tigures. Ehreuberg gives about 
80 habitats in Asia, Africa, and Ame- 
rica. Jjateral view small, ventricose, 
Avith mammifonn apices and linear 
stauros. 

S. Tuscula (E.). — Small, striated, 
elliptic-oblong ; apices suddenly con- 
tracted, umbonate ; stauros linear, reach- 
ing the margin ; striae oblique. 

Tiisciila, EI3. 1840, p. 21 ; KA. p.77; 
Stauroptera Tmeulu, EM. pi. 0. 1. f. 13. 
Fossil. Santa Fiore, Siberia. Front 
vieAv linear. 

S. meftopach/aj EM. pi. 15 a. f. 20. 
Lough Moiirne deposit. Large, oblong- 
lanceolate, suddenly contracted into mam- 
miform, obtuse apices ; stauros linear. 

S. hiroslris (E.). — Small, narrow- 
lanceolate, with produced, rostrate, sub- 
acute apices ; stauros linear. E A. p. 134, 


pi. 2. 2. f. 1. America, Africa. 

S. Pkitalea (E.). — Iiateral view slender 
lanceolate, constricted beneath the capi- 
tate apices; stauros linear. EM. pi. 15 a, 
f. 30. Lough Moume deposit ; Mexico. 

S. Sicholdii (E.). — Large, turgid- 
lanceolate, tapenng into obtuse beaks; 
stauros linear. EM. pi. 34. 8. f. 12. 
Japan. 

S. Bhrenhergii (E.). — Small, inflated, 
oval, with produced, mammifonn apices ; 
stam‘os linear; strim parallel. = Stau^ 
ropier a pledystonuiy EM. pi. 14. f. 13. 
Berlin. 

S. platystoma (E., K.). — Linoar-ob- 
long, contracted at the ends into mammi- 
form beaks; stauros linear. KB. p. 105, 
pi. 3. f. 58; EM. pi. 3. 1. f. 8.=Naviada 
2 )lati/stoma, E Inf. pi. 13. f. 8. Germany, 
America, Asia. (ix. 142.) 1-1100" to 
1-240". 

S. amphiccjdiala (K.). — Liiioar-oblong, 
Avith produced, rostrate, capitate apict^s ; 
stauros linear. KB. p. .105, pi. 30. f. 25. 
Gcirinaiiy, France. 

B, linear in (E.). — Minute, linear-ob- 
long, Avith parallel marginal lim\s, at- 
tenuated at the apices into somewhat 
obtuse beaks ; stauros linear. EA. p. 135, 
pi. 1. 2. f. 11, America, Europe. Lough 
Mourn e deposit. 

S. macrocephala (K.). — Linear, slen- 
der, constricted beneath the capitate 
apices ; transverse striie very aonse. 
KA. p. 92. = Stauroptera macroctphakiy 
Uab 1). p. 49. France. 1-425". 

S. platyccphaki^StauropUra platyec- 
phaltty EM. pi. 17. 2. f. 9. Fossil. Fin- 
land. liiiKuir, suddenly constricted be- 
neath the dilated, broadly rounded ends ; 
stauros linei^r, reaching the margin; 
striae parallel. 

S. cxcellens (Forty). — Striated, broadly 
linear, suddemy contracted into broadly 
rounded, mammiform bleaks. Forty, Inf. 
p. 205, t. 17. f. 11. Alp^. Form and 
size of S. platystorna, but striated. Its 
nearest ally is S. mia'ostauronj E. ; but it 
is larger and somcAvhat broader, with 
less broadly rounded ends. 

S. microstauron (PI, K.). — Striated, 
linear, suddenly constricted beneath the 
broadly rounefed, subcapitate apices ; 
stauros linear. KB. p. 106, pi. 29. f. 13. 
= Stauroptera microstaurorif EA. pi. 1. 4. 
f. 1. Asia, Africa, America. 

S. monoyramma (E.). — Oblong, turgid 
at the middle, and contracted at each 
end into a broad, rounded, conical beak, 
EA. p. 135; KB. p. 106, pi. 29. f. 18. 
Surinam. llcstiinbles Achnanthes rc«- 
tricosa. 
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S. gramilata (E.). — Bacillar, with 
tiir«rid' middle and obtuse ends; trans- 
verse striae fn’anulatcd. = Stauroptera 
granulate, EB. 1847, p. 484. Canton. 
1-480". Allied to Fragilaria ? mesotgUty 
and to Achnanthes ventricom, 

5* Valves neither eonstrivtedj rostrate, 
nor furnisheil with a sigmoid median 
line, 

t Valves lanceolate. 

S. Phanieenteron (Nitzsch., E.). — 
Barge, broadly laiiceolatij or somewhat 
rhomboid, gi’adiially attenuated into 
rather obtuse .apices ; stauros slightly 
diliited outwards, reaching the margin ; 
strioD fine. EA. pi. 2. 5. f. 1; SI), i. 
p. 59, pi. 19. t*. lHo.==Jiacilfaria Phaui- 
eenteron, Nitzsch ; Cgmhella PJaenieen- 
teron, Al). p. 10; Navicala Plarnicen- 
teron, E Inf. ( -ommon. Europe, Asia, 
Africa, America, (ix. 1:19 ; xn. 17, 18.) 
1-400" to 1-110". 

pte^'oidea (E.). — Carge, broadly or 
sharply ianc(‘olale, Avilli obtuse apic'es, 
aTid very fine, punctated, transverse 
slrhn; stauros linear, reaching the mar- 
gin. EA. p. 1:55; EM. pi. ;i. a f. 7. 
America. Akin to S. liaileyi ; larger 
than S. Phcenicentvron, E. 

S. Paileyi (E.). — Ijarge, broadly lan- 
ceolate, tapcjring gradually to the obtuse 
apices ; surface with very fine longi- 
tudinal, undulated lines ; stiiuros linear, 
reaching the margin. EA. p. 1:34; EM. 
severtd figures. America. Akin to S, 
PJuvuicenterun and S. pferoideu, E. 

S. amphilepta (TC.). — Jjanceolate, little 
acuminated, with obtuse apices ; stauros 
linear; striie none, or indistinct. EA. 
pi. 1. 2. f. 9-1:5. Anie^ca, Africa, 
tSiberia., It is scarcely distinct from S. 
Pluvnicenteron. 

S. gracilis (E.). — Slender-lanceolate, 
gi’adunlly attenuated into obtuse apices ; 
stam *08 linear, scarcely reachinjj the 
margin ; strife indistinct, very delicate. 
EA. pi. 1. 2. f. 14 : SD. i. p. 69, pi. 19. 
f. 180. America, Europe, Asia, Africa. 
Smaller and more slender than the pre- 
cedijig species. 

S. apiciilata (Grev.). — Oval, obtusely^ 
apiculate ; stauros linear, abbreviated ; 
striao fine, 34 in *001". Ediir. New Phil. 
Joum., n.s., X. pi. 4. f. 8. Californian 
guano. In dated, suddenly contracted at 
the ends into conic beaks; stauros not 
reacfhing more than halfway from tliQ 
median line to the margin. 

S. lanceokita . (K.). — Slender-lanceo- 
late, tapering into the narrow, subrostrate 


ends ; stauros linear, reaching the ni.ar- 
gin ; strife obsolete or indistinct. KB. 
p. 104, pi. 30. f. 24. Falaise. 1-180" 
to 1-100". 

S. AtUmtica (E.). — Small, lanct?olnte, 
with obtuse apices ; front view linear. 
EB. 1845, p. 165. In pumice Irom the 
Isle of Ascension. Akin to A*, amphilepta, 
but more obtuse. 1-1152”. 

S. salina (8m.). — Small, slightly con- 
tracted at the obtuse apices; stauros 
liiKuir, nefirly reaching the margin ; strife 
faint, 45 in -CX)!". Si), i. p. 00, pi. 19. 
f. 188, Marine. Britain. 

S. minatn (K.). — Smooth, lanceolate, 
rather obtusi*, three times as long ns 
broad. KA. p. 89. Tliiiringia. 1-1200". 

8 . dahia (Greg.). — JMinute, smooth, 
naiTow-lanceolate, with somewhat trun- 
cate api<*es ; stauros liiic'ar, nearly reach- 
ing the margin. M.J. iv. p. 11, pi. 1. 
f. :57. Scotland. When examined under 
a high power, the valve exliibits two 
parallel lines within the margin on each 
side. 

8 . staaropheena (E.). — Ijanceolate, 
smooth, slightly'^ contracted at tlie sub- 
acute api(M!S ; stfiuros linear, not rejiching 
the margin. ICA.p. 1:55; hkM . pi. 2. 3. f. 1 1. 
North Amoricfi. Distinguished from iS. 
Phwmeenteron by its abbreviated stauros. 

8. Oreyorii (Italfs). — Khomboid-laii- 
ccolate, with funite fipices ; stauros lincair, 
reaching tlui margin ; strife line, nearly 
parfdlel, 00 in '{kiV\ = Staaroneis am- 
phioxys, Greg. TM. iv. p. 48, pi. 5. f. 23. 
S(;otla,nd. llighly^ convex, and even in 
the best position showing the margin as 
a broad black lim^, Gri*g. 

8. inanis (P(!rty). — Striated, lanceo- 
late or elliptic-lanc-eolatc, with very fine 
transverse strire. Iku-ty, Inf. p. 200, pi. 17. 
f. 7. Alps. In form nearly agretnng with 
8, linearis, E., but striated. 

8. lineolata (hh). — Broadly lancf^olate, 
with obtuse apices, and paralhd, dotted, 
longitudinal lines ; stauros linear. EA. 
p. 135, pi. 2. 1. f. It). Cayenne. 

8. pumila (K.). — Minute, elliptic-lan- 
ceolate, with acute apices, and short, 
marginal, punctfited, transvcr.se strife ; 
stauros reaching the margin. KJ5. p. 106, 
pi. :30. f. 43. Marine. Chri.stiania. Front 
view linear, with rounded angh‘s and 
truncate ends. 1-1440" to 1-1080 '. 

S. Achnanthes (E., K.). — Lanceolate, 
witli obtuse apices ; strife dist iiujt, ob- 
lique ; stauros linear, reaching the mar- 
gin. K B. p. 100, t. 2t). f. 22. = Sfauroptera 
Achnanthes, EA. p. 135, pi. .‘5. 3. f. 7; 
EM. pi. 17. 1. f. 10. Australia, Ame- 
I rica, Falaise. 

3 N 
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S. truncata ^Rab.)- — Minute, oblong- 
lanceolato, with very obtuse apices; 
ntauros linear; stride distinct, oblique, 
14 or 15 in \~\200”.=Stauroptem tnm- 
cata, Rab D. p. 49, pi. 9. f. 12. Bosnia. 

S. acroccphaki (Rab.). — Broadly lan- 
ceolate ; turf»id at tlie middle, rapidly 
tapering to the acute apices; stanros 
dilated outwards, resiehing the margin ; 
stri.-e punctate, parallel. Rab 11. p. 48, 
pi. 9. f. 19. Saxony. 

S. acuta (S.). — Elongated slender- 
lanceolate or rhomboid, taptjrinjj to the 
subacute apices; stauros conspicuously 
dilat(?d outwards, reaching the margin ; 
striiO oblique, .‘50 in *001”. SD. i. p. 59, 
pi. 19. f. 187. Britain, (vii. 7(5.) 

S. (S.). — Lanceolate, or 

lini*ar-lanceolato ; stauros conspicuously 
dilated outwards, reaching the margin ; 
striie oblique, very distinct, punctate, 
.‘50 in -001". SI). 1 . p. 01, pi. 19. f. 194. 
Marine. Britain. (vii. 77.). Front 
view broad, linear-oblong, with rounded 
angles and constricted centre. 

S. aspera (E., K.). — Turgid, lanceo- 
late or linear-lanceolate, Avith subacute 
apices ; stria3 oblique, punctate-asperate ; 
stauros abbreviated, dilated outwai*ds. 
KI5. p. lOi), =iStaurfptera aspera, EA. 
p. 1.‘54, pi. 1. 1. f. 12 ; BO. vii. pi. 1. f. 18. 
America, Europe. Front view linear, 
with truncate ends. 

2t Valves oval or oblong. 

S. Fenestra (E.). — Small, elliptic-ob- 
long, wdth parallel marginal linos, and 
obtuse, cimeate apices. EA. pi. 2. 1. 
f. 20. America, Japan. 

S. Perkii (Rab.). — Small, oval, with 
rounded ends ; costfc stout, 11 or 12 in 
1-1200"; stauros linear, reaching the 
margin. = Stauroptera Peckii, Rab 1). 
p. 49, pi. 9. f. 1.‘5. Lusatia. 

S. pohpjramma (I^i.). — Elliptic-oblong, 
with rounded ends and longitudinal 
dotted lines ; stauros abbreviated. EA. 
p. 135, pi. 2. 6. f. 30. Cuba. 

S. seniicruciata (E.). — Very large, re- 
sembling Navicula viridisj but haAung the 
crucial umbilicus of Stauroneis.=^flf«?/- 
roptf^ra semia'iiciata, EB. 1843, p. 45. 
Asia. 

3t Valves linear. 

S. dendrohates (E.). — Narrow-linear, 
with obtuse ends, and a densely and 
obliquely striated border; front view 
oblon^quadrate. = Stauroptera dendro- 
hates, 1^, Under moss on trees. America. 
1-490". 

S. Ttnraimfc = Sttwropfera Porninitp, 


EM. pi. 34. 5 A. f. 9. Linear, with cu- 
neate ends, a transverse median line, and 
parallel strise. 

S. ohlonga (Bail.). — Linear, with acute, 
cuneate ends, and oblique punctato-as- 
perate striie ; stauros abbreviated, dilated 
outwards. = Stauroptera ohlonga, BO. vii. 
p. 10, pi. 1. f. 17. America. The size 
and markijigs of Stauroptera aapera, 
E., but having its valves oblong, with 
parallel sides, and acute angular ends, 
Bailey. 

S. Isostauron (E., K.). — Elonpated, 
linear, Avith broadly rounded, slightly 
attenuated ends ; slniiros linear, reaching 
the margin ; stiifc parallel. KB. p. 10(?. 
= Stauroptei'a Isostauron., EA. p. 135; 
EM. pi. 10. 1. f. 7. Labrador, OAveden, 
Finland, (xit. 73.) 

S. Zwstauron (E.). — Styliform, linear- 
oblong, Avith scarcely attenuated, rounded 
apices ; stauros linefir. l^A. p. 135 ; 
EM. pi. 5. 1. f. 10. Iceland. 

Doubtful Species, 

S. ? explicata (PerU'). — Small, not 
striated, Avith rounded eiuls, and much 
inflated centre (cruciform) ; enlarge- 
ments acute. I’erty Inf. p. 205, pi. 17. 
f. 10. Alps. About the size of S. ven^ 
tricosum, K., but still more inllatcd at 
the middle, and the inflations poiuti'd, 
not rounded, I’erty. The figurci has no 
median line or other mnrliing.s, and re- 
sembles a Biblarium rather than a Stau- 
roneis. 

S. mcsogongyla (E.). — liateral vioAV 
linear, AAuth rounded ends and gibbous 
centre; timis verso strite parallel, inter- 
rupted by a transverse central band. 
Probably a Navicula, since the figure 
shoAA's a siinvll, definite central nodule. 
EM. pl. O. 1. f. 7. Ciuiaiia. Fossil, San 
Fiore. 

S. gihha (E., K.). — Form of Navicula 
gihha, but furnished with an imperfect 
transvei'sn fa.scin. KB. ,t>. 107, pi. 29. 
f. 24. = Stauroptera'^ gihta, EA. p. 135, 
pi. 1. 2. f. 3. America, Africa. 4he 
figure represents a Navicula with the 
strife shorter opposite the dilated um- 
bilical space. ^ 

S. paucicostata (Rab.). — Small, linear, 
with inflated centre, and dilated, rounded 
apices ; costm distant, 4 or 6 in 1-1200", 
much inclined. = Stauroptera paud- 
cAtstata, Rab D. p. 49, pi. 9. f. 15. Eu- 
rope. The figure sIioavs a rhomboid 
.umbilical space resembling the dilated 
nodule seen in many Naviculae, but not 
a true stam'os. 

S. macidata (Bail.). — Oval, wuth 
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sliglitly produced, mammifonii apices ; I which is not dilated into a stauros ; stria) 
sui’face punctato-striate, with a large radiant. 

smooth central spa(;e. BMO. p. 40, S. peregrina = Stnnroptera pereqrinay 
pi. 2. f. 32. Florida. Kesembles 8. EM. pi. 6. 1. f. 15. Fossil. Santa More. 
punctata^ K., but is larger, and has the Ehrenberg’s figiiro represents a small, 
ends not so much produced. The figure lanceolate Naviciila, with a miniilo 
shows a dilated umbilical space rather central nodule, but no stauros j stria) 
than a true stauros. radiant. 

S. sralans (E., K.). — Small, linear- S. .P ovalis (Greg.). — Small, smooth, 
oblong, with rounded ends ; costm stout, oval ; stauros broad, indistinct, reaching 
parallel, 12 in 1-1200", not reaching the the margin. jMJ. iv. p. 11, pi. 1. f. 3(>. 
median line. KB. p. 100. = iSI^w/m^^em Britain. Perhaps a Cocconeis. 
scalaris, EA. pi. 4. 2. f. 3. Labrador. o • ^ x., , ^ 

(xii. 10, 14, 30.) Scarcely belonging to Species from Bhrvnberg hnown to i/s 

thisgeiius, since Ehrenberg’s figures show ! mime, 

a definite central nodule. It dillers trom j S, pi/siUa, 8. sphcer/phorotiy 8. 

Narici/la horeaUs by its coarser costie and j 8. Placentulay 8. Ilologramma, 8. gibhos/t, 
their interruption opposite the \ 8. ^IWiupica, 8. Am2)lmb(eHni 8. Capensh, 

nodule. ^ j S. (ialapagicdy 8. deenr re/tSf 8. brevirosfrisj 

S. omphioxgs=Stauropt(‘rn am^dnoxgsy \ St/mroptera nobUls, Stauroptei'n leptoee- 
EjM. pi. G. 1. f. 14. Fossil. Santa Fiore. | phahi, Staur/yptera Distauridu/my 8tt/n- 
Ehr(!nberg’s figure repi*es(*iit.s an elon- ; nypiera Brazil iensis^ Staaropdvra Tabvl^ 
gated, narrow-lanceolate NaAlcula, with lariay 8. asperahty Stanropytera 8i(/measisy 
acute apices, and a minute central iiodide | Stauroptera trinodis. 

Genus STAUJIOGBAMMA (llab.). — Like Stauroneis, but with decussating 
striae, and prominent knots at the intersections, Jiab. 

STAimoGiiAM^rA Persicum (liab.). — median lino dilated towards the ends. 
Oblong-lauc(iolate, with truncate apices ; Jiab 1). p. 50. = 8taaroptera drenssafa, 
stauros linear, reaching the margin; llab 1). 9. f. 14. Persia, (viii. 30.) 

Genus PllOBOSTATJBOS (E.). — Frustulcs simple, free ; with the cha- 
racters of Stauroneis, except that its terminal puncta in the front %low arc 
approximate and not lateral. AVc doubt whether this genus can bo separated 
from Stauroneis ; for, if wo understand Ehreiiberg’s definition, the apparent 
position of the terminal puncta dej)cnds upon the greater convexity of the 
lateral valves, wliicli therefore appear, in the front view, like a border on 
each side of the connecting zone, and the puncta are within the angles. The 
species arc unknown to us, EB. 1843, p. 136. 

PnouOsT AUROS splendens (E.). — ^Kiver P. ? suhulatm ? (E.). — Senegal, Capo of 

Senegal. Good Hope. At first sight it reminds 

one of Gomphonema gracilcy E. 

Genus PLEtJEOSIPHONTA (E.). — The characters of this genus are 
unknown to us ; but, from Ehrenberg’s figure of P, aj/inis, wo think it is 
probably identical with Mastogloia. 

PI.EU 1108 IPHONIA (E.). - Ob- Speemknomimlybytmme. 

long-lanceolato, with capitate ends, me- P, Amphishwna (E.), Ar^ia, Africa, 
dian lino and nodules, and a marginal Peru, Mexico ; P, fulva (E.), Arabia, 
band of transverse striae. EB. 1856, Africa ; P, Phoenicenteron (E.), Arabia, 
p. 32. Fraqilaria Naviculay E. 1841; Africa; P. (E.), Africa ; P.ohtusa 

EM. 33. 1. f. 14. Arabia, Africa, Peru. (E.), Africa; P. gracilis (E.) Africa. 

Genus PLEUEOSIGMA (Smith) (Gyrosigma, ffassall, Bahenhorsty &c.). 
— Frustules simple, free, elongated ; front view linear or lanceolate, narrower 
than the lateral view ; valves depressed or slightly convex, sigmoid (rarely 

. 3n 2 
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straight), ^vitll a sigmoid median line, central and terminal nodules, and lino 
decussating strioe, which are resolvable into dots. Pleurosigma is distinguished 
from Donkinia and Amphiprora by the elongated-narrow front view and 
more depressed valves. The median line, also, is sigmoid, whilst in those 
genera it is usually straight, or appears sigmoid merely from the t'wisting of 
the frustule. Tliis genus was first separated by Dr. llassall from Navicilla, 
under the name of Gyrosigma. llassall, however, like Ehrenbcrg, erroneously 
considered it identical with the 8igmatella of Kiitzing, whereas they belong 
to very distinct families ; and even their sigmoid forms belong to different 
surfaces, Sigmatella having it in the front, and this genus in the lateral view. 
Gyrosigma has been adopted by Dabenhorst and others ; nor do we think the 
name so objectionable as to render its rejeetion necessary. If, then, we admit 
Professor Smith’s name, we do so for the reasons given by Probisson : — 
Gyrosigma (Hass.). — Peutetre ce dernier nom dc genre n’etait-il pas bien 
convenable selon les lois de la nomenclature ; dans tons les cas, il cst certain 
(pie, malgrc son droit de priorite, il cst pen pres gendralement abandonne. 
D’ailleurs, on est d’autant moins dispose ii reprocher cc changement de nom 
a M. W. Smith, que Ic soin tout monograxihiejuo (pi’il a apporte a I’etude dcs 
nombreuses espcces de Pleurosigma qu’il a decouvertes, cn fait un genre tout 
a lui” (Brcb DC. p. 17). Ehreiiberg does not admit Pleurosigma, because it 
does not differ in its physiological characters from Navicula” (EJ3. 1854, 
p. 236). 


* FruJituUs rostrat^^. 
t Peaks filifonii. 

Pleuiiosioma Faftciola (E., S.). — Tur- 
gid-lanceolatc, with long linear be^iks 
abruptly cuiwed in contrary directions ; 
stria3 04 in 001", indistinct. Si), i. p. 07, 
pi. 21. f. 2\\. = Ceratonei}t Fasciouty E. 
Marine. Eurox)c. (xii. 00, 01.) Colour of 
dry valve pale-pink. 1-430". Mr. Sollitt 
states this Diatom near Hull is very 
small, the markings 90 in -001", while 
those from Boston in Ijineolnshire are 
large, with onlv 50 strim in -OOl". 

P. macrum (S.). — Elongated slender- 
lanceolate, with very long filiform beaks 
curved in contrary directions ; transverse 
striie 85 in -001", very indistinct. SD. 
i. p. 67, 1)1. 31. f. 276. Brackish water. 
England. 

1*. prolongaUnn (S.). — Narrow-lance- 
olate, gradually tapering into slender 
beaks curved in contrary directions; 
transverse strim 05 in -OOl", indistinct. 
SI), i. p. 67, pi. 21. f. 212. Marine. 
England. 

arcuatum (Donkin). — Turgid-lan- 
ceolate, straight, with long, very slender, 
strongly arcuate beaks curved in con- 
trary directions ; striie obscure ; median 
line straight, central. TM. vi. p. 25, 
pi. 3. f. 10. Marine. England. Closely 
allied to JP. macrurn, but distinguished 
from it Iw the long, strongly arcuate 
beaks. Dry valves very pale-brown. 
(Donkin.) 


2 t Beaks short, stout. 

P. (liMortum (S.). — Stout, turgid-lan- 
ceolatc, produc<.‘d into short, broail, ob- 
tuse, subrostrate extremities, which are 
abruptly bent in contrary directions ; 
transverse striro obscure, 75 in *001" ; 
median line central. SD. i. p. 07, pi. 20. 
f. 210. Marine. England. Small; colour 
pale pink. 1-320". 

P. JUstKarii (Bri^b., S.). — Broadly 
lanceolate, rapidly tapering into sub- 
rostrate, obtuse tiiids; median line di- 
agonal, submarginal near the ends ; stria) 
oblique, 54 in -001" ; colour pale purple. 
SD. i. p. 05, pi. 31. f. 275. = Navi- 
cilia JF^ludj'iiy KA. p. 8J)0; Gyrosigma 
jFstuariiy Br^b. marine. 'Europe, 
liatlnir small; 1-200". Habit of P. 
Thurinfficuniy but smaller, paler, and 
without the marginal notch, Kiitz. 

1’. littorale (S.). — Tftrgid-lanceolnte, 
rapidly attenuated into the curved, sub- 
rostrate, somewhat acute ends ; longitu- 
dinal strim conspicuous, 24 in -Cioi", 
transverse 50 in *001"; colour pur- 
plish. SD. i. p. 67, pi. 22. f.< 214. 
Marine. Europe. 1-200” ; median line 
subcentral. 

2 * Falves gibbous at the middle. 

P. Sinensis (E.l. — Large, elongated, 
broadly linear, flexuose, sigmoid, with 
gibbous centre and broadty rounded, 
somewhat incrassated ends, which are 
curved in contrary directions. 
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Sinensis, EB. 1847, p. 484 : EM. pi. 34. 7. 
f. 11. China. 1-*". 

P. reversimi (Gregp.). — Elongated 
naiTOw-lineav, with inflated or lanceolate 
centre, and dilated ends which are turned 
in contrary directions ; median lino sig- 
moid, snhcentral except near the ends ; 
sti-iai extremely fine. GllC. p. 58, pi. 6. 
f. 105. jMarine. Scotland. Tliis form 


ceolate, with tapering, suhacute, slightly 
sigmoid ends j median lines sigmoid, 
not central \ longitudinal and transverse 
strim, about 50 in -001". Donkin, TM. 
i vi. p. 24, pi. 3. f. 7. =1\ lialticinny fij SI). 
Marine. England. Pale straw-coloimsd. 
•0045" to •(W5". Much smaller than P. 

! Balticum, and with more numerous strite. 
I P. lamprocainpum (E.). — Slender, 


may bo identical with P. Sinensis', but 
the valves are naiTower and with less- 
rounded apices than in Elirenberg’s 
figure of that species. 

3 * Valves linear, | 

P. Baltimni (E., S.). — Largo, broadly i 
linear, straight, except towards the 
attenuated obtuse ends, which arti curved : 
in contrary directions ; longitudinal and 
transviii-se striic, 38 in -OOl" ; colour 
dark brown. SD. i. p. (JO, pi. 22, f. 207. 
= Navicula Baltiva, E Inf pi. 13. f. 10; 
Gyrosiyma Balticmn, Dab 1). p. 47, pi. 5. 
f. 0; 1\ makron, .lohnston, M.l. viii. 
Marine or brackish waters. Common. 


narrowly linear-lanceolate, tapering to 
the rather obtuse apices ; sigmoid, with 
fine transversci stri;e ; median line cen- 
tral; front view lint'ar. lain- 

pvocampa, E13. 1840, p. 20; KB. p. 102, 
pi. 4. f. 5 ; Oi/rosif/nia laniprocanipam, 
Dab I). p. 47, pi. 6. i*. 9. Marine. JCurope, 
1-144". 

1*. cur Villa ni (hk). — LiiK'ar-hinccolatc, 
with rather obtuse apices, sigmoid. = 
Kavicala carvula, E Inf pi. 13. f. 14 ; 
Gi/rosit/nm curvalani, Dab 1). p. 47, pi. 6. 
f. 8. hiUrope, America. 

P. speciosani (S.). — Linear-lanceolate, 
flexed chiefly at the somewhat abrupt, 
obtuse ends ; median line snbmarginal 


(VI IT. 33; IX. 144.) 1-70". Median 

line floxuose, subcentral. 

P. obscarum (S.). — Small, linear, with 
attenuated, rather obtuse ends ; median 
line very flexuose, not central; striae ob- 
lique, 75 in ‘(X)!". 8D. i. p. 05, pi. 20. 

f. 200. Marino or brackish wat(*rs. Britain. 
Var. smaller. 1-103" ; colour pale pink ; 
median line marginal near the ends. 

. P. simam (E.). — Small, linear, with 
the ends obliquely rounded on opposite 
sides ; median line sigmoid, nearly c(ni- 
Iral. = Navicula simn, ICB. 1845, p. 303 ; 
EM. pi. 34. 7. f 9. India. 1-430". 

P. Sculpellum (K.). — Small, linear, 
slightly sigmoid, gi*adually attenuated 
into the obtuse apices ; ra^ftdian line auh- 
ciiY\tnA. = NariculaScalpellum, KA. p. 85; 
K B. pi. 30. f. 13 ; Gyrosigma Scalpellum, 
Dab 1). p. 47, pi. 5. f. 10. Trinidad, 
Persia. 

P. Sciotocmis (Sidlivant). — Linear, 
moderately sigmoid, gradually attenu- 
ated into tlie rather obtuse ends ; strife 
transverse and longitudinal, 40 in *001". 
SiUiman’s J. xxvii. p. 261. Fresh >^ter. 
ITaited States. ‘OOl". Not unlike P. 
Spenrerii, for which it has passed as a 
variety; but it is a larger species, with 
sides more parallel and ends less acute. 
Its striation at once distinguishes it” 
(Sull.). 

4 * Valves lanceolate or linear-lanceolate, 
’t Vtdves linear-lanceolate. 

P. Wansheckii (Donkin). — Tdnear-lan- 


near the ends ; strise oblique, 44 in *001" ; 
8D. i. p. 0.3, pi. 20. f 197. J^ngland. 
Pale straw-colour. 1-85". It is shorter, 
loss tapering, and has moi’o rounded 
apices than P, fornwsum ; tlie median 
line also is not diagonal at the centre. 

V, formosam (8.). — Large, elongated, 
linear-hin(!eolate, much flijxinl, gradufdly 
tapering to the obtiisci apices ; nn^dian 
i line diagoiiid ; strife oblicpie, 3(5 in -001". 
SI), i. p. 03, pi. 20. f. 195. Marim?. h]ng- 
hind. (VIII. 32.) Colour chestnut-brown. 
1-00". Well distinguished by the po- 
sition of its median line, which, owing 
to a twist in the valves, appears to coin- 
cide with the edges for a considerable 
distance at either (uid, and then crosses 
in a diagonal diri'irtion. 

P. Lonyiniim (Bri.). — Lanceolate, 
flexure moderate, extremities greatly 
elongated, acute ; median line central ; 
strife transverse, 30 in *001". *020" to 

» ’025". Colour pale straw. TM. vii. 
p. 180, pi. 9. f. 7. Arctic regions. 

P sinuosam (E.). — Small, striated, 
linear-lanceolate; striro 15 in 1-1200". 
1-480". = Navicula sinuosa, EB. 1840, 
p. 21. Marine. Europe. Has the figure 
of P. simam, but is more slender. 

P. subtile (Breb.). — -Very slender, pel- 
lucid and delicate ; slightly sigmoid, very 
i iiaiTowlinear-lanceohite, siibuliformwith 
rather obtuse apices. = Navicula suhtilis, 
KA. p. 87. Marino. Franco. 1-lGO" 
to 1-120". 

P. tenuissimam (8.). — Very naiTOw 
linear-lanceolate, gradually tapering to a 
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fine point 5 transverse stria) 48 in *001"; 
median line central. SD. i^. 07, pi. 22. 
f. 218. Brackish wat(‘r. Essex. 

P. Apultim (Rab.). — Slender-lanceo- 
late, much curved, with obtuse ends, 
transversely striated ; front view broadly 
linear. Rab 1). p. 47, pi. 6. f. 7. Italy. 
In the fijjures the valves are linear, very 
but not s'^Tiimeti’ically sigmoid, with 
tapering cuds and central median line. 

2 1 Valves lanceolate, with oblique stria). 

P. delicatulmn (S.). — Slender-lance- 
olate, gi’adually tapering to the acute 
apices ; flexure moderate ; median line 
central ; striie oblique, 04 in *001". SI), 
i. p. 04, pi. 21. f. 202. Brackish water. 
Britain. Length 1-112"; breadth 
1-1500". Colour pale pink. 

1\ inJlatHm (Shadbolt). — Small, 
broadly-Tanceolate, with acute apices ; 
median line central, much flexed, as well 
as tile vidve ; striae oblique. TM. ii. 
p. 10, pi. 1. f. 0. Marine. Natal. 

P. ilvvorinn (S.). — Largo, elongated, 
rhomboid-lanceolate, unifoi-mly flexed, 
gradually tapering to the subacute apices; 
stria) oblique, 80 in *001" ; median line 
diagonal, marginal near the ends. SI), i. 
p. 08, pi. 21. f. 100. Brackisli water. 
England. Colour pale chestnut. 

1*. aufjulatinn (Quekett, S.). — Largo, 
broad, sigmoid, rliomboid-lanct)olate, 
rapidly tapering to the subacute apices ; 
median line somewhat diagonal ; strim 
oblique, 52 in -001". ST), i. p. 05, pi. 21. 
f. 205. = Naricula anyulata, Quekett, 
jMicrosc. p. 488, pi. 8. f. 4 to 7. ^larine. 
Britain. Colour pale chestnut ; flexure 
moderate. 

P. qumlratum (S.). — Large, very 
broad rhomboid, rapidly tapering to the 
subacute apices, which are slightly flexed; 
stria) oblique, 45 in -001" ; median line 
centrjil. SJ). i. p. 05, pi. 20. f. 204. =P. 
nmjulatumj AN 11. 2nd series, ix. p. 7. 
Marine. Ihirope. Colour chestnut ; 
length 1-110"; hroadth 1-428". Easily* 
recognized by its very broad anguLar form. 

P. lanceolatmn (Donkin). — Straight, 
broadly lanceolate, acute ; median line 
straiglit or gently sigmoid, witli the ter- 
minifl nodules turned in contrary direc- 
tions ; striae very fine, oblique, about 70 
in *001". TM. vi. p. 22, pi. 3. f. 4. = P. 
transversaley Mr. Roper. Marine. li!ng- 
land. Straw-coloured ; *0055" to *000" ; 
front view narrow linear-lanceolate. 
Tlie extremely fine stria) require the • 
most careful manipulation with very 
oblique light, to render them visible with 
a superior T-5th objective. 


P. naviculaceum (Bi*6b.). — Raflier 
sniall^ lanceolate, straight, gradually 
tapering to the obtuse apices, which are 
slightly turned in contrary directions ; 
median line sigmoid, not central ; stria) 
very fine, oblique. B. Diat. of Cherbourg, 
1854, p. 17, f. 7. = Gurosigmu transver- 
sale, Microg. Diet. pi. 11. f. 87, 88 ; P. 
tramrcrmle, SD. li. p. 90. Marine. 
Common, especially in deep waters. This 
species, viewed laterally, greatly resem- 
bles a Navicula in its lanceolate straight 
form. Its apices are oidy slightly in- 
clined to opposite sid(‘s. The median 
line, however, is sigmoid, and the stria) 
ai*o oblique and decussating. 

P. 7nartmtm (Donkin). — Broadly lan- 
ceolate, straight, slightly sigmoid near 
the obtuse ends ; median line sigmoid on 
each side of the central nodule ; stria) 
oblique. TM. vi. p. 22, pi. 3. f. 3. IMarino. 
Northumberland. Straw-cfoloured ; strim 
about 45 to 50 in 001". *0055" to *0(XV'. 

Tlie well-marked sigmoid flexure of the 
median line on both sides of the central 
nodule distinguishes this species, and 
renders it easy of recognition. 

P. Niiheciila (S.). — Small, lanceolate, 
ncfirly straight, with obtuse apices, cen- 
tral median line, and 55 oblique stihe in 
*001" ; colour very pale. SI), i. p. G4, 
pi. 21. f. 201. Marine. England. 

P. intermedium (S.). — Eloiigati?d, pale 
straw-colour, slender lanceolate, nearly 
straight, tapering to the subacute apices ; 
median lino subcentral; striae oblique, 
55 in 001". SI), i. p. G4, pi. 21. f. 200. 
Marine. England. 

P. nV/iV/w/n (S.). — Large, stout, pale 
straw-colour, lanceolate, nearly straight, 
with rounded apices; median lino cen- 
tral; striie oblique, 48 in -001". SI), 
i. p. G4, pi. 20. f. 108. Marine. England. 

R. vahdiim (Sh.). — Large; lanceolate, 
nearly straight, with very obtusii apices, 
oblique striie, and slightly flexed median 
line. MT. ii. p. 10, pi. 1. 8. Marine. 

Natal. 

P. vhmgntmn (S.). — Large, much 
elongated, lanceolate, gi*adually tapering 
to fjie acute apices, nearly straight, ex- 
cept at the ends, which are slightly 
curved ; stria) oblique, 48 in *001" ; 
median line nearly straight. SI), i. p. 04, 
pi. 20. f. 100. Marine. England. Clear 
straw-colour. Length 1-76"; breadth 
1 - 020 ". 

P. atriqosiim (S.). — Ijarge, elongated, 
broadly lanceolate, gi’adually attenuated 
to the obtuse apices ; flexure slight ; me- 
dian lino not central near the ends ; 
striae oblique, 44 in *001". SD. i. p. 04, 
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pi. 21. f. 203. Marine. Britain. 1-90" ; 
colour palo straw; front view narrow 
linear-lanceolate^ with obtuse apices. 

3 t Valves lanceolate, witli longitudinal 
and transverse stiiio. 

1*. ohfitsafum (Sullivaiit). — Oblong- 
lan(;eolate, slightly siginoid, with obtuse 
apices ; *0025" ; strijn transverse and 
longitudinal, 5(3 in *001". Silliman’s J. 
xxvii. p. 251. Fresh water. United 
States. A very small species, remark- 
able for the obtuse ends. It may bo a 
( Jolhitonema, but we have not obseiwed 
it in gelatinous envelopes. 

V. iSpmreri (Quekett, S.). — Small, 
lanceolate, moderately ll(?xt;d, gradually 
tapering to the obtuse apices; median 
liu(j ciuitral ; stri;e very tine, triansverso 
50 in ‘(K)!", longitiulinjil 55 in ’OOl". 
SI), i. p. 08, pi. 22. f. '2^S. = Naricltla 
Quekett. Fresh water. Aimnica, 
Europe. Colour pale brown. 1-270". 

P. Parkeri (Ilarrison). — Lanceolate, 
considerably Hexed, apices produced, 
median line central ; strim transverse, 
55 to 00 in -001"; longitudinal struc 
faint ; colour pale ycdlow. Liucolu- 
sliire. MJ. viii. p. 105. 

P. WornileyU (Sullivant^. — Lance- 
olate, coiispi(‘Lioiisly sigmoid, suddtmly 
attenuated into acute apices; *003"; 
striie, longitudinal and transverse, 52 in 
•001". Silliman’s ,T. xxvii. p. 251. Fresh 
Avater. United Stjites. llesembles P. 
Spvnceri, but is a smaller species, more 
ovidtnitly sigmoid, and with rather ab- 
ruptly atte.nuated ends ; its strim are 
more ditlicult to resolve, and the texture 
of its A'alvos is thinner. 

P. lacttslrr (S.). — Lanceolate, consider- 
ably Hexed, gradually tapeting into the 
obtuse ‘apic.es ; longitudinal and trans- 
verse striju, 48 in -001"; median line 
subcentral. SD. i. p. 08, pi. 21. f. 217. 
Fresh water. England. 1-144". 

1*. ThurinyiAim{\\.). — LiinccoLato, sig- 
moid, gradually attenuated to the sub- 
acute apices, obsoletely notched at the 
middle of each margin; median line 
central; strim wanting or indistinct. = 
Na^iciila 'Phurimjicn, KB. p. 102, pi. 4. 
f. 27 ; Gi/rosif/nia limrinyicnnij ll*ib D. 
p. 47, pi. 5. f. 4. Thuringia. Front 
view narrow-linear ; 1-204" to 1-108". 

P. Agellua — Large, lanceolate, 

Hexed, gradually tapering to tlie obtuse 
apices, marked longitudinally with very 
line lines, and thus appearing furrowed^ 
median line central. = Aqdlm, 

EB. 1840, p. 18; EM. pi. 15 a. f. 31; 
Gyrosigma AgcdliiSj Rab 1). p. 47. Fresh 


water. Gennany, Lough Moiimo deposit, 
Siberia. Front view nearly linear, with 
subacuto apices ; 180". Is more slender 
and longer than P. HippocamjmSf E. 

P. attemiatnni (K., S.). — t«m*ge, elon- 
gated, Hexed, lanceolate?, gradually at- 
tenuated into the obtuse apices ; lon- 
gitudinal strife 30, and transverse 40 in 
•001" ; median line central. SI), i. p. 08, 
pi. 22. i, ^lli^.=iNavicHla alienuata, KB. 
p. 102, pi. 4. f. 28 ; (rgrosigma attvmmtu m, 
Kab 1). p. 47. Fresh waiter. Eiiropt?. 
1-120". Colour purplish brown; front 
view narrow-lanceolate, with truncate 
ends. 

P. cHsphlatum (Rab.). — Slender-lan- 
C(;olate, very miurh Hexed, Avith long, 
tapering, obtuse ends ; median lim? cen- 
tral. = Gyrosigma cttspif/aliniif Rab I), 
p. 47, pi. 5. f. 5, 0. Fresh water. Europe, 
America. It is ahvays mixed with P. 
acuminatuin. 

1\ acinnumtinn (K., S.). — Lanceolate?, 
tapering into the obtuse apices ; Hexure 
considerable ; median line central ; lon- 
gitudinal strife 40 in -001", transverse 
52 in -001". SI), i. p. 00, pi. 21. f. 209. 
= Nttvicula (wuminutit^ KB. ]). 102, pi. 4. 
f. 20; NacienJa Sigma, EB. 1813, p. 209; 
Gyrosigtitn llassallii, Ibil) J). p. 47. 
Marine. l<hirope, Asia., Africa, America, 
(ix. 140.) Front view narrow-linear, 
with obtuse apices; 1-102"; colour 
pale brown. 

1’. ITippocamims (E., S.). — Large, 
elongated, broadly lanceolate, obtuse ; 
Hexure considerable; colour pale broAvn; 
strm^ SIS in P, attmnahnn ; median lino 
central. SI), i. p. (>8, pi. 22. f. 215.= 
Nacicula Ilppocampus, Fnf. pi. 13. f. 9 ; 
Gyrosigma Hippocumims, II BA. pi. 102. 
f. 11; Rabl). p. 47. Marino. Europe, 
(ix. 145.) 1-1()0" ; front view linear, 

truncate. 

P. StrigiHs (S.). — T-iarge, much elon- 
gated, lanceolate, uniformly tapering to 
the subacuto fipices. Hexed; mediaii lino 
central ; striie, transverse and longitu- 
dinal, 30 to 40 in 001". SI), i. p. 00, 
pi. 22. f. 208. Brfi(;kisli water. h]ngland. 
Length 1-80"; breadth 1-830" ; colour 
p,ale brown. Notable for its graceful 
form and distinct striie. 

P. Scaiprnm (Ofiillon). — Small, sig- 
moid, gTadiially attenuated into tlie 
rather obtuse apices, longitudinally 
striated. = Cymhelln Sculprum, AD. p. 1 1 ; 
Nacicula Sculprum, E. Inf. ; KB. pi. 4. 
f. 25. Maiine. Ihiropc?, Asia, America. 
Length 1-430" to 1-290". 

P. Normuitii (n. sp.). — Broadly lan- 
ceolate, slightly HoTced, with rather ob*- 
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tuse ends, and a slifjlit, transverse cen- 
tral depression ; niediaii line stout, nearly 
central ; strite oblique, 40 in ’OOl". = 
P. lanceolatum, Norm an, MS. Marine. 
Europe. Found in nearly every gather- 
ing from deep water, and in stomacdis 
of Ascidians, Noetilucoe, Fectens, &c. 
Colour taAvny brown; *0048" to *0110"; 
median line? scarcely flexed, except near 
the ends. The description is by George 


Noiman, Esq. 

P. acutum (Norman, MS.) — liarge, 
broadly lanceolate, elongated, moderately 
flexed, ^’adually tapering to the very 
acute apices ; median line delicate, much 
flexed, not central ; striic oblique, 60 in 
*001" Marine. Stomachs of Ascidians, 
&c. Europe. Very pale straw-colour or 
nearly hyaline ; -Oil" ; median line 
flexed throughout. 


Genus TOXONIDEA (Donkin). — Fmstules simple, free; lateral valves 
elongated convex, with tlio sides not symmetrical ; median line arcuate, witli 
central and terminal nodules, its ends curved towards the same margin ; 
strirn oblique, ^larinc. Toxonidoa is closely allied to Pleurosigma ; indeed 
the forms placed here are regarded by Professor Ariiott as distorted species 
of that genus. Tlie absence, however, of a sigirioid flexure, both in the valves 
and median line, is so different from wliat we find in Pleurosigma, that wo 
think it advisable to admit Toxonidoa until Dr. Donkin’s views are disproved 
by more perfect observation. 


Toxonidea Gregoriana ('Donkin). — 
Largo, lanceolate, witli the obtuse ends 
curved upwards ; median line concumuit 
with the lower margin niiar tlui ends ; 
striie tine, oblique, about 50 in -001". 
TM. vi. p. 10, pi. i3. f. 1. Britain. Straw- 
coloured; ’OOH" to *009"; median lino 
cuiwed upwards near tlie end, and re- 
sembling the figure of an unbemt Scy- 
thian bow ; " (lorsum rather more con- 
vex than the venter. 

T. insignis (Donkin). — Arcuate or 
semi-lunate, with produced, subacute 
ends ; median line not central, strongly 
arcuate ; strije very fine, about 76 or 80 
in *001". T.M. vi. p. 21, pi. 3. f. 2. •(X)48" 


to ‘(XHj" ; valves resembling a straw- 
coloured strung bow or a cocked hat," 
with very convex or gibbous dorsum and 
straight venter. Professor Arnott re- 
gards this species as a distorbul state of 
Pleurosigma JEstuarii. Britain. 

T.undulala (Nomian, 3IS.). — Arcuate, 
with three slight dorsal undulations, ob- 
tuse somewhat recurved apices, and con- 
cave venter gibbous at its centre ; striae 
oblique, 60 in *001". From Ascidians. 
NoHli Sea. Very pale straw-colour, with 
pinkish reflections ; *0066" ; longitudinal 
suture coneuiTent with the ventral mar- 
gin except at the inflated centre, (viii. 
40.) 


Genus DONKINIA (n. g.), — Frustulos simple, free ; front view panduri- 
form, as broad as the lateral view ; valves convex, keeled, with nodules and 
decussating striso as in Pleurosigma. Marine. We have constituted this 
genus for the reception of some Diatoms possessing characters intermediato 
between Pleurosigma and Amphiprora, and have much pleasure in dedicating 
it to Dr. Donkin, who, amongst his many interesting discoveries, first directed 
attention to several of the species iilaced in it. Dr. Donkit^ referred the 
species to Pleurosigma on account of the similarity of striation ; but they 
differ from that genus in the broad, constricted front view ; and from these 
characters, together with their very convex, keeled valves, we were induced 
to regard them as more nearly allied to Amiihijirora. Indeed there is 
littje essential difference between keel, (jrest, and wing, these being, in‘'our 
opinion, merely diffenmt stages of development. This ojiinion was also 
adopted by Professor Amott, whose critical knowledge of genera commands 
the highest deference. The species placed in Donkinia differ from Amphi- 
prora, not only in their decussating strim (a character sometimes difficult to 
verify, and of rather doubtful generic value), but also, according to Dr. 
Donkin, in the absence of lateral wings^ to the valves. 

Donkinia cristata (E.). — Narrow-lan- I central nodule transversely oblong; mc- 
ceolate, gradually subulate at each end ; \ dian line sigmoid, crested. = Jtsavicula 
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ci'istata, EB. 1854, p. 240; EM. pi. 36 
BB. 4. f. 13. Atliiutic. 

D. iiwersa (E.). — Short, narrow, sig- 
moid, with subacute apices ; front view 
very broad, quadrangular, constricted at 
the iniddle, with broadly truncate ends 
and marginal glands. = w/tvrs«, 

EB. 1840, p. 18. Ihirope. 1-676". It 
is allied to Amphlprora (data, but wants 
the winged portions” (E.). 

D. carinata ( Don Ivin). — Straight, linear- 
lauccolate, acute, vi;rv convex ; colour 
dull purple ; median line strongly sig- 
moid, marginal near each end ; slriye 
oblique, line, about 66 to 60 in *001". = 
Pleut'os'Kjma carinatnm, Donkin, 1. c. p. 23, 
pi. 3. f. 6. l^ngland. *0046"; valve 
twisted; median line diagonal at tlui cen- 
tre, marginal near tlie ends. (viii. 40.) 

1). compact a ((Irev.). — Straight, very 
convex, liiuiar, obtuse, sigmoid from 
having the ends sloped in camtrarv 
directions ; median line mu(;h flexed, 
diagonal at tlui centre, marginal near 
the (uids ; striie very fine, 63 to 60 
in '(^V\ = Plvnrosi(fma compactum, M.T. 
V. p. 12, pi. 3. f. 0; IHimrosigmn rectum^ 
Donkin, TM. vi. p. 23, pi. 3. f. 6; Am- 
phiprora Jialfm, Ai’iiott, MJ. vi. p. 91. 
Britain. *0045" to -006". According to 
Dr. Donkin, the strife are longitudinal 
and transv(?rs(i ; colour very pale. 

D. minuta (Donkin). — Short, very 


convex, linear-oblong, subacute, sigmoid 
from the sloping of one margin near each 
end in contrary directions ; median line 
much flexed ; strife very line, transverse 
ones distinct, about 65 in -001", longi- 
tudinal ones obscure. =P/e//rosij 7 ?«« 
mdum, Donkin, /. c. p. 24, pi. 3. f. 8. 
England. •0026" ; colour, very pale 
brown. D. minuta seems to difler from 
/). compacta, to which Professor Arnott 
would unite it, chiefly in its smaller size. 

D. anyu^ta (Donkin). — Very con- 
vex, linefir, witn acute, slightly apicu- 
lated apiccis ; median lint) strongly sig- 
moid, marginal, except a central diagonal 
portion; strife obscure, longitudinal. = 
PleuroHiyma anyuHtnm, llonkiii, /. c. p. 24, 
pi. 3. f. 0. England. -OOo" to *0066" ; 
colour dull purples Another form closely 
fdlit^d to D. ('ompactiK 

D. rdicufata (Norman, MS.). — Idnear- 
lanceolat(», with rather obtuse apices; 
median line strongly diiigoniil at the 
ctmtre, then marginal and slightly pro- 
jecting; strijc oblhpie, distinct, 22 in 
•001". Stomach ot Ascidians, Shark’s 
Bay, Australia. Collec.ted by Dr. Mfw?- 
donald. Colour purplish brown; front 
view oblong, with truncate ends and con- 
stricted middle. Eor the description of 
this species wo arc indebted to Gcorgci 
Norman, Esq. 


(xenus AMPIIIPllOllA (Ehr.) (Entomoneis, Ehr.). — Frustulcs free, simple, 
in front view constricted at the middle ; valves convex, with a longitudinal 
wing, and central and terminal nodules ; striae, when present, transverse. 
Marine. Amphiprora is distinguished by its lateral wings, which are con- 
stricted at the middle, so that tlie frustulc in front view, when not twisted 
(which, however, frequently occurs), is more or less panduriform, with trun- 
cate or broadly-rounded ends. The late Professor Smith st-ated that the 
peculiar frustules of this genus could not he confounded with any others, 
save those of a few species of Nitzscliia. From the recent discoveries of 
Dr. Donkin, ‘Am pliiprora is found far more closely allied to Pleurosigma 
and Donkinia. From these genera it diflers by its alatc valves, and by 
having transverse strife only. According, however, to the bite Professor 
Gregory and Dr. Donkin, the valves of Amphiprora arc furnished, in addition 
to the medifin crest, wdth lateral ones also, similar to those of Surirella ; and 
certainly the fi*ustulos in the front view most frequently exhibit a longitu- 
dinal line on each side between the margin and the central portiop — an 
appearance not unlikely to depend on such a formation, particularly in A, 
ornata and A. palndosa, in which these lines are undulated. An end view 
is required to ascertain whether this be really the case, since the same 
appearance would result from a depression along the sides of the median 
crest, and even the undulations may be produced by transverse ridges. 


AMPHii*JioiiACf/«(a(E.,K.). — Very hya- 
line, generally twisted ; front view brolul- 
ly winged, strongly constricted ; wingcon- 


tiniied round the ends ; lateral view wdth 
apicidate ends and a double line of puiicta 
accompanying the keel; stri® 42 in 
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•001". KB. p. 107 ; SB. i. p. 44, pi. 16. 

f. \24c,^ Navtcida tmdi Entoitioneis alata^ 
EB. 1845, p. 154. Common, especially 
ill salt-water marshes, (xiii. 6 to 7.) 
1-570" to 1-430" 5 centrm portion with 
longitudinal lines. 

A. Kiitzinyii (BnSb.). — Very hyaline; 
front view slightly consti-ictod, longi- 
tudinally lined, with rounded apices. 
KA. p. 93. France. 

A. coiistricta (E.). — Very liyaline ; 
front view oblong, sinuato-constricted, 
with rounded ends ; lateral view narrow, 
with straight median line, and transverse 
stauros-likehand. EA, p. 122, pi. 2.6. f. 28 ; 
SD. i. p. 44, pi. ] 5. f. 120. Europe, America, 
(xii. 1.) Striie very faint, 68 in *001". 

A. duplex (Donkin). — ^Broad, panduri- 
form, with truncate ends and rounded 
angles; lateral view narrow, not stri- 
ated ; keel strongly sigmoid, unaccom- 
panied by puncta. TM. vi. p. 165, pi. 3. 
I. 13. England. Resembh^a A. alula in 
the broad, deisply-constricted front view 
with conspicuous ahc, but differs from it 
in the absence of stihe and puncta, and 
in the narrow-linear lateral view. 

A,plicata (Creg.). — Front view deeply 
constricted, with broadly rounded ends ; 
eacli valve with a plate extending from 
its inner margin to the nodule, furnished 
like tlio wings with about 60 fine trans- 
verse striae in *001" ; central portion 
with faint vertical lines or folds. GDC. 
p. 33, pi. 4. f. 57. Scotland. Approaches 
nearest to A. alula, but differs from it in 
the folds of the middle space, and in the 
presence of lateral plates. Judging from 
the figure quotiid, the longitudinal lines 
arc similar to those present in A, alula 
and other species, and we doubt the 
distinction of tlie lateral plates. 

A. puh'hra (Bailey). — Large ; front 
view deeply constricted, with rounded 
ends, distinctly striated, punctate invar 
the margin. BC. ii. p. 38, pi. 2. f. 16 
& 18. Florida. Often twisted ; central 

I iortion naiTow, sigmoid, with a few line 
oiigitudinal lines. 

A. qxmdrifasciata (Bailey). — Small; 
front view moderately constricted, with 
trunctiite or slightly rounded ends ; valves 
striated, lanceolate, with produced ros- 
tiillate apices. BC. ii. p. 38, pi. 2. f. 2-4. 
United States. When living, the colour- 
ing matter forms four yellowish trans- 
verse bands ; not contorted. 

A. vilrva (S.). — Straight ; front view 
oblong, with rounded ends and slight 
constriction ; lateral view lanceolate ; 
striai 52 in *001". SD. i. p. 44, pi. 31. 
f. 270. Biitain. 


A. eleqam (S.). — Straight ; front view 
linear-oblong, with broadly rounded ends 
and very slight notch-like constriction ; 
lateral view lanceolate ; stricOi 40 in 
•001". Sp. ii. p. fX). ; G DC. p. 33, pi. 4. 
f. 58. Britain. Distinguished from A, 
vitrea by its longer and comparatively 
more lanceolate and slender fmstule, 
and closer striao ” (S.l. Professor Arnott 
would unite this witli A. intrca. 

A. ohlusa (Greg.). — ^hVont view linear- 
oblong, with slightly sinuated sides and 
rounded ends ; strim very line. GDC. 
p. 34, pi. 4. f. 60. Scotland. Ala) of 
nearly uniform breadth. 

A. minor (Greg.). — Front view oblong, 
with slightly sinuated sides and rounded 
ends ; stria) ratlier coarse ; ccmtral smooth 
portion lanceolate. TM. v. p. 76, pi. 1. 
f. 38. Scotland. 

A. pusilla (Grog.). — Front view qua- 
drangular; ahc slightly constricted, tho 
con.striction apparently overlapped by 
the convexity ot the valve ; lateral view 
acuhdy lanceolate ; strijo fine, about 60 
in -001". GDC. p. 33, pi. 4. f. 56. Scot- 
land. 

A. hpidoptera (Greg.). — Elongated ; 
front view linear, with broadly rounded 
ends ; the notch-like constriction of the 
ahe apparently ovcu’lapped by tho con- 
vexity of tlie valve; lateral view lan- 
ceolate, apiculate ; stria) fine, about 48 
in 001"; GD(J. p. 33, pi. 4. f. 59. Scot- 
land. The ala) are carried round tho 
ends, and in the lateral \dew appear like 
an apiculus. 

A. maxi7na (Greg.). — Front view very 
broad, pandurifonn, with rounded ends, 
the notch-like constriction overlapped 
by the convexity of the valve ; strim 
distinct, about‘36 in *001" ; lateral view 
acutely lanceolate. GDC. p. 35, pi. 4. 
f. 61. Scotland. 

A. complvxa (Greg.). — Front view 
broadly pan tin riform, with broadly round- 
ed ends; aho with margin.al puncta; stria) 
delicate, about 45 in "OOl" ; central por- 
tion oblong, with concentric longitudinal 
lines. GDC. p. 36, pi. 4. f. 62. Scot- 
land. 

A.puludosa (S.). — Twisted; front view- 
dilated, broadly winged, deeply cou- 
stiicted, with rounded or tnincate ends, 
and a waved longitudinal line on ea(rh 
side between the margin and central 
portion; stria) 60 in *001" SD. i. p. 44, 
pi. 31. f. 269. Britain. Fr(?sh or slightly 
•brackish water, according to Smith ; 
marine, according to Professor Arnott. 

A. (Bailey). — Smsdl; front view 

deeply constricted, with truncated or 
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rounded ends, and a longitudinal row of 
undulations on each side. BO. ii. p. 38, 
pi. 2. f. 16 & 23. America. Often 
twisted. The ruffle-like rows of pin- 
nules distinguish this species from all 
others” (Bailey). 

Douhtful Species, 

A. recta (Greg.). — Front view qua- 
drangular, witli rounded angles and very 
slightly constricted sides ; striao fine but 
distinct. TM. v. p. 07, pi. 1. f. 40. Scot- 


land. The figure presents no appearanco 
of alas, but only convex lateral valves, 
such as are seen in several species of 
Navicula. 

A. navicularis (E.). — Oblong, with 
obtuse ends and radiant transverse stno) ; 
front view quadrangular, with two 
puiicta at each end. FA. p. 122 ; EM. 
several figures. Fresh water. America. 
Apparently a Navicula with the ter- 
minal puncta of tho front view less mar- 
ginal tiian usual. 


Genus DTADESMIS (Kiitz.). — Fnistules navicular, united into a filament ; 
valves with central and terminal nodules. Hjibit of Fragilaria, but the valves 
furnished with median lino and central nodule. Diadesmis differs from 
Sl)henosira only in having tho lateral surfaces "with similar ends. 


* Freshicator or Fossil, 

l)rAi)Es:\rrs con fercacea (K.). — Breadth 
of articulations twice; tho length j valves 
minute, smootli, with acute, acuminate 
ends. KB. p. 100, ])1. 30. f. 8. Trinidad, 
(xiv. 32, 330 1-000”. 

1). If/ivis (E., K.). — Smooth ; breadth 
of articulations three to four times the 
length. KB. p. 100, pi. 20. f. m.= Tahel- 
Inrifi heris. EA. pi. 1. 2. f. 17. Chili, 
(xii. 40.) 

I), scidptn (E., K.). — Articulations 
with striated margins ; valves linear- 
oblong, with rounded ends and a narrow 
striated border. KB. p. 109, pi. 20. f. 26. 
= TahelUiria sculpla^ J^]A. pi. 1. 2. f. 6. 
CJiili. Bcsombles Navicula horealisy E. 

I). ? Bacilluni (E., K.). — Articulations 
striated, lin(;ar-oblong, witli rounded 
ends, and a Ijirgo, oblong, longitudinal 
mt;dian nodule. KB. p. lUO. = Navicula 
JiaciUum, E. Fossil. Greece. 

1). Navicula (E.). — Frustules oblong, 
smooth, four or five times as long ns 


broad, with a smooth median stricture. 
= Fvapilaria ? Naviculuy EA. p. 127, 
pi. 1. 3. f. 8. l*eru. We pla(;e this form 
111 Diadesmis because the frustules, iu 
the front vit;w, have a minute punctum 
at tin; middle of each lateral margin, — 
an npp(;arance which usually indicates 
the; presence of central nodules. 

1). Gallica (S.). — Filannuits straight 
or curved; valves linear-i'lliptical, with 
about 46 obscure stri.'o in ’OOl”. Sm. 
ANIL Jan. 1867, p. 11, pi. 11. f. 16. 
Ilavri;. 

\),pcrcf/rma (S.). — Victoria tank, Glas- 
gow. This species is unlmown to us. 

2 * Marine, 

D. WilUamsoni (S., Greg.). — Front 
view linear, with central and terminal 
dilatations; valves linear, with attenuated 
ends and 16 to 18 dottiid strijo in ’001. 
G DC. p. 25, pi. 2. f. 40. = Ilimantidium 
Williamsoniy 8BD. ii. p. 14, pi. 33. f. 287. 
Marine. Scotland. 


Genus STfGMAPTIOllA (Wallich). — Frustules free, naviciiloid ; valves 
lanceolate, loculate ; loculi with central and marginal puncta. Marine. 
Frustules very hyaline, with two minute cells at the mideflo of each margin 
in both views ; valves with median lino. 


{BTio^rAPiTouA rostrata (Wallich). — 
Valves rostrate ; beaks with a median 
row of puncta. TM. viii. p. 43, pi. 2. 
f. 6, 6. (VIII. 43.) India. 


S. lanccolala (Wallich). — Vglves 
acutely lanceolate, without median rows 
of puncta. TM. viii. p. 43, pi. 2. f. 7, 8. 
India. 
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2 * Frustules navieuloid, enveloped in gelatine or enclosed in a definite 
tubular or gelatinous frond. 


Subfamily SCHIZONEMEJE or LACEKNAT^E. 

This group is remarkable for the great external resemblance some of its 
species have to acknowledged Alga3, widely as they differ in internal structure. 


Genus EKUSTULIA (Ag.). — Frustules bacillar or navicular, immersed in 
an amorphous gelatinous substance. For the present wo retain this genus 
in the Schizonemea;, but believe that, in most if not all the species, the frus- 
tules are more like a Synedra than a Navicula, and want the central nodule 


of the latter. 

t StriflB evident. 

Frustulia salinn (E.). — Very narrow 
linear, transversely striated j in front view 
with rounded ends, in lateral view sud- 
denly acute. E Inf. p. 232. Saline 
springs, Germany. 

2 1 Striro wanting, or very indistinct. 

F. JSxitziiUfiana (Rab.). — Smooth, lan- 
ceolate, with truncate apices. Rab D. 
p. 35, pi. 8 . f. 3. = Si/nedra muekolay KB. 
p. (>8, pi. 14. f. 6. On atones in a rivulet 
near Is ordhauseu. 

F. minuta (Rab.). — Minute, linear, 
smooth, in front vitiw with truiujato 
apices ; valves with acutely cuneate (mds. 
Rab D. p. 35. t. 8. f. 4. = Synedra Frus^ 
tulunij KB. pi. 30. f. 77. Fresh water. 
Germany and Italy. It forms an olive- 
brown gelatinous mass on atones, and 
becomes green in drying. 

F. torfacea (Braun). — Rhomboid-lan- 
ceolate, with obtuse apices, a stout me- 
dian rib, and small central nodule. RabD. 
p. 60, t. 7. f. 2. Germany. It forms dirty- 
yellow, rather firm, smooth or rugged 
gelatinous masses about plants in bogs. 
An authentic specimen from Professor 


Braun apptMirs to us identical with Na- 
vietfla rhomhoidvs. 

F. (Rab.). — Slenderer than 

F. torfacmj with valves more acute ; 
front view lintiar, with broadly rounded 
ends, liab D. p. 60, t. 7. f. 1 . Saxony. 
Forms di rty-oli v(;-bro wn 1 remidoiis j elly- 
i like masses in little cavities of damp 
rooks. 

F. Hceckeriann — Valves spin- 

dle-shaped, with acute, pointed ends; 
front view naiTow-lanceoIate, with ob- 
tuse apices. Rab 1). p. 60, pi. 10, f. 14. 
Ge.rniany. Forms dirty gelatinous masses 
on moss in streams. 

F. acietdaris (E.). — Bacilla slender, 
smooth, with acute apices ; valves nioro 
acute, like a fine needle. ERJiA. 1863, 
p. 527. Marine. Kingston Bay. h'riis- 
tides like those of Fraffilaria Rhabdo- 
sonWy but free and heaped together 
without oi’der. 

F. bucillaris (E.). — Bacilla linear, piii- 
nulate, with truncate api(;es in the front, 
and rounded in the lateral view. EB. 
1853. Marine. Kingston Bay. This 
species, like Fr acicultirisy seems included 
in gelatine dilated like an ulva, which, 
when dry, appears membranaceous. In 
the same nnnnbrane both species are in- 
cluded, with many other Diatomacoie. 


Genus MASTOOLOIA (Thwaites). — ^Frustules oblong, navieuloid, annulate, 
in a gelatinous mammillatc cushion or frond ; annuli loculatcd ; loculi open- 
ing by foramina along the line of suture. “ The frustules of Mastogloia 
are notably distinct from those of the other genera of this tribe, having the 
annulate structure of Rhabdoncma with the canaliculi of Surirclla.” “ I'he 
canaliculi arc, however, formed differently from those of Surirella, not being 
connected with the valve, but with the annulus, which projects as a solitum 
into the body of the fmstulc. The fmstule itself is ordinarily cxccntric to the 
mucus developed around it, and sits as it were on the summit of a little 
nipple-like cushion of gelatine ” (Smith). 

Mastogloia Dameii (Thwaites). — pi. 02. f. 388. = Dkkiein Danseii^ ANIT. 
Valves elliptic-oblong, with 8 to 20 lo- 1848. Brackish water. Britain. (xv.30.) 
euli ; striai 42 in -OOl". SD. ii. p. 64, M. lanceolata (Thw.). — Valves oblong- 
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lanceolate, with subacute apices and 8 to M. Grcvillii (S.). — Valves linear, with 
30 loculi ; striie 42 in 001", SD. ii. p. 64, obtuse, cuneato ends, and 1 5 to 20 loculi ; 
pi. 54. f. 340. Brackish water. Britain, striae moniliform, 24 in 001. SD. ii. 

M. Smithii (Thw.). — Valves oblong- p. 65, pi. 62. f. 380. Fresh water. Britain, 
lanceolate, with produced, obtuse or M. mimita (Grev.). — Valve elliptic- 
capitate apices, and 6 to 24 loculi ; striae lanceolate or elliptic-oval, conspicuously 
42 in *001". SI), ii. p. 65, pi. 54. f. 341. apicidate ; loculi 12 to 18 ; striae very fine 
Fresh or brackish water. Britain. and close. Trinidad. Grev. MJ. v. p. 12, 

M. apiculata (S.). — Valves elliptic- pi. 3. f. 10. It is a species evidently allied 
lanceolate, with slightly produced, ob- to M. apiculata, but dillers in^ being 
title, conic apices, and 30 to 50 loculi ; scarcely half the size, and essentially in 
striae 42 in 001". SD. ii. p. 65, pi. 62. the much larger loculi ; it is also much 
f. 387. Marine. Britain. more apiculate. 

Genus PHLYCTJENIA (Kiitz.). — Frustulcs navicular, included in (globose) 
gelatinous cells. Marine. 

PHLYCT.®NiA>mw?/^rt(K.). — Parasitic; smooth {?), linear, with rounded ends 
cells hyaline, achromatic, solitary, scat- contained in distinct, but contiguous, 
tered, or binately approximate and aggro- gelatinous cells. K A. p. \)(j. = J^yustiUia 
gated; included navicuhu few, binately maritima, F Inf. p. 232. Near Gothen- 
or quaternately conjoined, smooth ; burg. 1-1200" to 1-1150". This species 
front view linear, with truncate apices ; occurs as a brownish jelly-like mass on 
valves broadlv lanceolate, with acumi- stones. In the gelatinous cells Khr- 
nated ends. KSA. p. 96. Adriatic Sea. enberg observed from one to twenty 

P. maritima (E., K.). — Naviculae frustules. 

Genus DICKIE I A (Berkeley). — Frond subgclatinous, plane, attenuated to- 
wards the base, containing scattered, navicular, imperfectly silicious frustulcs. 
Marine. Dickieia is distinguished by its plane frond and scattered frustules. 

Dickteia ulvoidcs (Berk.). — Frond 1). (Balfs). — Frond divided; 

undivided ; valves elliptical. ANH. xiv. valves elliptic-lanceolate. ANTI. 2nd 
pi. 9; SBD. ii. p. 66, pi. 54. t 342. ser. viii. pi. 5. f. 6 ; SBD. ii. p. 66, pi. 54. 
Britain, (xv. 31.) Frond linear or f. 343. Britain. Autumn. Divisions of 
obovatii-stipitate ; striie obscure, 36 in frond subpinnate; striie obscure, 40 in 
■001"; nodule transverse, Sm. -001"; nodule punctiform, Sm. 

Genus BHAPHIDOGLCEA (Kiitz.). — Frond globose, gelatinous, tender, 
filled with fusiform bundles of naviculac disposed in radiating threads. 
Marine. ‘‘ The principal character of this genus is taken from the amor- 
phous disposition of the gelatinous substance in which the frustules are 
immfcrsed. The frustules are mixed together in a disorderly manner in 
Berkelcya, whilst in Ilhaphidogloca they are arranged in fusiform fasciae, 
confluent by the pointed extremities” (Meneg.). We think this genus 
might, wit^^out inconvenience, be united with Berkelcya. 

R.HAPIITDOG 1 .CEA medusina (K.). — attenuated at the truncate api(!es. KB. 
Minute; fascicles lancoolate-acumiiiate, p. 1 10, pi. 22. f. 6. Adriatic Sea. 1-300". 
in irregular, reticulately-braiiched, con- li. micana (Lyngb., K.). — Siibglobose ; 
tinuou'«, radiating threads ; naviculiw rays of the larger fascicles irregular, 
lanceolate. KB. p. 1 10, pi. 22. f. 7. Me- obsolete; iiaviculao linear - lanceolate, 
diterranean Sea. 1-600". subulate, ratlier acute, elongated.' KB. 

II. manipulata (K.). — Globose, pisi- p. 1 10, pi. 22. f. 8. = Schizonema 9mcaus, 
form ; raj'S of fascicles reticulated, not AD. p. 17 ; Naunema micans, E Inf. ; 
interrupted; naviculm linear-lanceolate, Frustulia costata, Lobarzeusky iriLinniea, 
obtuse. KB. p. 1 10, pi. 22. f. 5. Europe. 1840, pi. 5. f. 1. Europe. Mr. Tulfen 
1-700" to 1-290". West informs us that, from careful obser- 

II. interriipta (K.). — Pisiform, with vation of living specimens, he is satisfied 
slender rays of fascicles, interrupted in that this species is identical with Am-- 
a joint-like manner, with gradually ta- phipleura pellucida, in which opinion the 
poring branches; naviculaj linear, slightly late Prof. Smith fully concurred. 
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Genus BERKELEYA (Grcv.). — Frustules naviculoid, lincar-lanccolate, 
included within tubular submenibranaccous filaments, which are free at 
their extremities, but immersed below in a more or less definite tubercle. 
Marine. Berkeleya differs from Schizonema in having the base of the fila- 
ments immersed in an orbicular gelatinous tubercle. This tubercle is at first 
firm and definite, but finally, especially when growing on rocks, becomes 
enlarged, soft, and often somewhat indefinite. 


Berkeleya fragilU (Grev.). — Fila- 
ments subsiniple, minute ; frustules 
crowded, slender, lanceolate or linear- 
lanceolate, with the stria) obsolete or 
wanting. GBF. p. 416; SD. ii. p. 07, 
pi. 64. f. 344. On Zostora, Alga), and 
rocks. Europe. The gelatinous tubercle 
during growth becomes attenuated and 
more dilliiscd, and sometimes forms an 


indefinite slimy covering about the base 
of the filaments. In a dried state this 
species acquires a metallic lustre. 

B. Adnatica (K.). — Filaments branch- 
ed ; branches distinctly subdivided ; frus- 
tules narrowly linear-lanceolate, rather 
obtuse. KB. p. 109, pi. 22. f. 4. Adriatic 
Sea. (xiv. 34, 35.) 1-300". Scju'cely 
distinct from li, frayilis. 


Genus COLLETONEMA (Brcb.). — Fnistulcs naviculoid, arranged in series 
within a tender, simple or divided, filiform or globose frond. Aquatic. 
According to Professor Smith, tlio freshwater habitat and slightly divided 
frond distinguish the present genus from Schizonema; and [ho adds] the 
frustules are also more firmly siliceous than those of that genus, and the 
character of the valve can usually be well seen after maceration in acid.” 
Professor Kiitzing describes CoUetonema as having a filiform frond composed 
of series of navicula) hold together and envolojicd by an amorphous gelatinous 
mucus, without an exterior gelatinous tube. Wo doubt if .any of the .above 
characters sufficiently distinguish CoUetonema from the allied genera, because 
they arc cither inadmissible in generic definitions, uncertain, or not poculi.ar 
to the genus. The absence of an extem.al tube, if constant, would bo of 
generic importance ; but we sometimes find the frustiile contained within an 
evident (although tender and evanescent) tube, whilst in Micromega, on the 
oth(;r hand, the i)resencc of an external tube is sometimes doubtful. The 
fronds are exceedingly thin and tender, readily permitting the escape of tlieir 
frustules, which may then be mistaken for species belonging to other genera ; 
thus Professor Smith remarks that it is iiossiblo that rinnularia radloaa may 
bo mcrcl}’ the free state of CoUetonema nefjlectum, and Navicula crassinervia 
the .same condition of O, vuhjare. 


CoLLETONEMA cximwm (Tliw., K.). 
— Frond filiform; frustido in lateial 
view sigmoid, striated. KA. p. 891 ; 
SI), ii. p. 09, pi. 50. f. 350.= Schizonema 
eximium, AN4I. 1848 ; Ghnuncma sly- 
moideSj EB. 1845 ; Mneyonema siymoideSy 
Tv A. p. 02. ? Britain, I)emer.ara P Valves 
linear, sigmoid from the cnd.s sloping in 
opposite directions; strite 50 in *001". 
(viiT. 43.) 

C. riridulum (Br6b.). — Frond filifonn ; 
navicillas spirally and densely aiT.anged ; 
valves lanceolate, rather obtuse, smooth ; 
front view linear-oblong, slightly and 
gradually attenuated towards the trun- 
cate apices. KA. p. 105. France. 

C. Uicmtre (Ag., K.). — ^Frond filiform, 
simple or subramose, finer than a hair, 
enclosed in an imperceptible membrane ; 
navicula) elliptic or parallelogramic, in 
a single or double series. KSA. p. 105. 


= Schizonema • hicmtrcy Ag Cl), p. 18. 
Swod(?n. Tufts erect, brownish yellorw; in 
size and h.abit like Sphacelaria cirrosa. 

C. ridyurc (Tliw.). — Frond filiform, 
simple or divided, gradually tapering, 
containing one or two regithar row.s of 
frustules ; valves oblong-lanceol.ate, with 
slightly contracted, obtuse ends. SI), ii. 
p. 70, pi. 60. f. 351. =<&*// icoz/Ywirt vidyarc, 
ANII. 1848. England and France. Less 
common, according to Professor Smith, 
than the next .species. Strim 72 in *001". 

C. neyhetum (Thw.). — Frond slightly 
divided, obtuse, containing numerous 
and closely packed frustules ; valves lan- 
ceolate, with obtuse ends. SBD. ii. 
p. 70, pi. 50. f. 352. = Schizonema ney~ 
Icctumy ANII. 1848. England. 

C. suheoheerens (Thw.). — Frond glo- 
bose, gelatinoiLs, pervaded by irregular 
rows of fi’u.stules; valves oblong, with 
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rounded apices. SD. ii. p. 70, pi. 66. 
f. 353. Dorset. Stria) 28 in •001". In 
the character of its frond this species 
somewhat agrees with Rhaphidogloea; 
but the fmstulcs are arranged in series, 
not in fascicles, as in that genus. 

Douhtful Species, 

C. ? ampliioxys (E., K.). — Known only 
from fragments. Naviculio parallclo- 


^amic, smooth; valves acutely lancoo- 
lato. KSA. p. 105. = Nauncma a??i~ 
phioxys, EA. pi. 3. 2. f. 5. Mexico, 
(xii. 55-57.)^ 

C. ? Ametncmmm (E., K.J. — Naviculm 
striated, large, linear, with subacuto 
apices, densely arranged within branched 
tubes. KA. p. 105. = Nmmema Ameri- 
canunij E13. 1845, p. 79. lliver Hudson. 
Stria) 18 in 1-1200". 


Genus SCHIZONEMA (Ag., Kiitz.) (Moncma, Grev , ; Monncma, Meneg . ; 
Niinncma, Khr,), — Frustulcs naviculoid, arranged confusedly or in a single 
file, within a capillary, submcmbranaceous, single-tubed, more or loss branched 
frond, of nearly equal diameter throughout. This genus, constituted by 
Agardh, has been repeatedly divided and reunited, and the generic names 
altered and transposed in an arbitrary manner without regard to priority. 
Dr. Gnirillc founded Monema for the species with single tubes, retaining 
those Avith compound fronds in Schizoncma. This division seems judicious, 
and indeed has been adopted by ncaidy CA'cry succeeding writer, although 
GrcAulle’s names have been disused or differently applied. Agardli recognized 
the distinctions, but retained Schizonema for the species Avith a frond of 
simple structure, and founded Micromega for the species having a compound 
stnicturc. As this arrangement has been folloAvcd by Kiitzing, and acipiicsced 
in by Grevillo, avo use it here. There is the greatest difference, hoAvever, in 
the distribution of the species, cA’cn amongst those who admit both genera. 
“ This discordance of opinion,” obseiwes Meneghini, ‘‘ as to the arrangement 
of some sj^ecies in one or other of the tAvo genera, whicli, indcj)endontly of 
th(ur names, appear so distinct and so clearly defined, arises from the great 
difficulty of discerning the ])arallcl tubes including the particular series of 
naviculce. Tn some species the Avail of the external tube is clearly distinct, 
and the naAUCulac arc confused AAuthin ; but in some others it seems as if, 
instead of a tube, there Avcrc a mucous mass in Avhich the naviculm arc im- 
mersed.” Professor Smith considered that “ tliis great di\’ersity of opinion 
owes its origin to the variableness and inconstancy of the characters adopted 
by the Avriters Avho araunged the species under two genera. The presence of 
only one or of many files of frustulcs is certainly, to some extent, dependent 
upon the stage of groAvtJi of the specimen examined ; and the api)earance of 
secondary tubes Avithin the general mucus-envelope is more or less ai)parent 
in different portions of the same frond, or according as it is examined in the 
fresh or dry state. A very extensive comparison of specimens leads me to 
believe that in every case Avhere the development of the frond is mucli 
advanced, in the older or basal poirions, numerous files of fnistules may 
be observed.” For these rciisons Professor Smith united the genera and 
divided Schizoncma into tAVO sections, ‘Hho first having frustulcs firmly 
siliceous, and fronds, in consequence, somcAA^hat setaceous and robust ; and the 
second including those species whose fmstulcs are flaccid and delicate in 
character.” As we consider the diagnostic differences sufficient, we have 
retained, Avith slight alteration, the arrangement of the species in these 
genera given by Meneghini in his memoir upon the Diatomacoao. The frond 
in Schizoncma is generally densely tufted and more sparingly branched than 
in Micromega. It is always single- tubed, and usually very slender, with 
even, parallel margins. The ends gf the filaments, which in the early state 
are often empty, finally become mptured and permit the escape of the 
nfiviculae. In a recent state these characters will generally suffice to deter- 
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mine the genus, even before minute microscopic examination. We place 
more reliance upon colour in the discrimination of species than some writers 
allow. The colour for the most part depends upon the contents of the frus- 
tules, and, according to our experience, is subject to little variation, except 
in old specimens rendered unfit for comparison by the escape of the naviculm. 


* Central nodule transversely dilated. 

ScHizoNEMA cruciyer (S.). — Filaments 
much divided ; iiaviculje crowded ; 
valves lanceolate, acute, striated; me- 
dian nodule transversely dilat(?d into a 
stauros. 8D. ii. p. 74, pi. 5(5. f. 354. 
Britain. Stria3 distinct, 40 in ‘001". 

2 * Central nodule pimrtiform, sometimes 
obsolete. 

S. Grevillii (Ag.). — Frond inenibra- 
naceous, much branched, level-topped; 
naviculse in front view subquadrate; 
valves oblong-lanceolate, with (50 strias 
in -(X)!". AgCD. p. 19; SD. ii. p. 77, 
pi. 58. f. 3(54. = Monnema Grevilliiy 
Alcneg. ; S. qundnpunctatum,\\fiYW. On 
rocks and mud. Fronds densely tufted, 
brown, turning to a dirty verdigris-green 
when dried, and adhering inii)erfe(?tly to 
paper. Naviculae large, crowded at base, 
in a single file near the extremities. S. 
quadripunctatum of British writ(?rs is an 
old state, and turns of a rusty colour in 
drying. 1-57(5". 

S. crinoideum (Ilarv.). — Filaments 
very slender, achromatic, sparingly 
brariclu'd, densely woven into a pale- 
green or brownisli stratum ; naviculm 
very minute, disposed in an irregular 
loose series, llarv. Manual, p. 214. = A' 
tenellunij KB. p. Ill, pi. 2.3. r. 8; Mon- 
nemn quadripunctatum^ 3Ieneg. Europe. 
Filaments exceedingly slender, with lung, 
siin pi e , tie xuose bran cl i es . 1 5ro w n when 

recent, olive-greem and glossy when dry. 
1-138(5". 

S. IMllwynii (Ag.). — Frond demsely 
tufted, rich brown, very slender; navi- 
cuhn minute; valves lanc(iolate-acute, 
smooth. SD. ii. p. 77, pi. 58. f. 300. = 
Monema llillwyniij (iCF. pi. 25)7. Rocks, 
mud, and Algae. NavicuUo imper- 
fectly silicious, more or less crow'ded, 
espo^dally near the extremities; fronds 
tuniing deep green on immersion in 
fresh water, and quickly acquiring an 
olFensive smell; generally glossy when 
dried. 1-1 (XX)". 

S. implicatum (llarv.). — Frond capil- 
lary, densdy tufted, much branched, 
curled, and entangled ; naviculro very 
minute, irregulariy crowded ; valves lan- 
ceolate, rather obtuse. SD. ii. p. 78, 


pi. 50. f. 367. On mud in sheltered 
places. Tufts of a didler brown than 
iSl lyUlwyniij gradually tuniing in fresh 
water to a dark olive-green, not quickly 
becoming offensive. Fruslules in foi*m 
and size similar to those of S. rutilam. 

S. duhium (llarv.). — llesembles S. 
Dillwynii', but the long branches, naked 
below, are funiished towards their sum- 
mits with numerous curled raiuuli. llarv. 
Manual, p. 212. = S. Dillwynii /8, KA. 
p. 101. Itocks, Sic. Tufts unequal- 
topped ; apices of ramuli ainite ; naviculm 
very minute and densidy packed. 

virescens (llarv.). — Fronds very 
slender, densely tuftiid, tenacious, very 
much branched from the base; ramuli 
numerous, curhul, upper ones longest, 
swelling towards the tips, which are 
dark-coloured and tmd in a sudden 
point; navicida) minute. llarv. Manual, 

. 212. North Devon. Tufts dense, 
rownish olive, not much altered in 
drying. Uiuh;r tlie microscope it has 
much the appearance of S. IHllwynii'j 
but the thickened, dark-coloured tips 
ai*e remarkable. 

\!?>.rutilans (Trentepohl, Ag.). — Densely 
tufted I filannmts elongated, subsimple, 
brownish and empty at base, hyalino 
and filled with crowded linear-oblong 
frustides at the apex ; when dry, sliining 
and reddish. AgCD. p. 18; KB. p. 112, 
pi. 23. f. (5. 1, 2. = Monnema rutilam^ 
nleneg. ^Mt diffin’s from S. Dillwynii by 
its more vaf nish-like lustre, reddish 
colour wlnni dry, and finer and' more 
simple filament’’^ (Ag.). 

S. Hoffmannii (Ag.). — Filaments 
tufted, subsimple, arachnoid, when dry 
shining with a reddish lusl're ; navicidae 
small, smooth, (;rowded ; valves lanceo- 
late. = S. rtitilans, var. Iloffmanni, KB. 
pi. 23. f. 10; Monnema Hoffmanniy Meneg. 
Europe, Abindeen. (x. 207.) Profe.ssor 
Kiitzing makes this fonn a variety* of 
S. rutilans ; but Meu(*ghini observes that 
they dilVer in external characters and in 
the dimensions and shape of the navi- 
ciilre. 1-1080" to 1-0(50". 

S. Balticum (E.). — Naviculoe striated, 
slender, linear-lanceolate, in front view 
truncate, in lateral view subacute, dense, 
crowded in the intricately branched fila- 
ments, E Inf. p. 236, pi. 20. f. 15. = /S'. 
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rulUamy var. viride ; Monnenia octo^ 
carphides. Mcne". Europe, England. 
1-1200". 

S. Bimmhvrgli (K.). — Frond parasitic, 
lubricous, tufted, ^tcoii, branched ; 
branches crystal-hj-aliiio, soft, obtuse at 
the apex ; iiavicul;o (in dried sp(joimeus) 
inconspicuous, lender, arranged in obso- 
lete aeries, oblong in one view, truncate 
ill tlie otlier, with rounded (nida. Kll. 
p. 11. "h pi. 2:i. Dill icy nil, 

1^ Inf. p. 235, pi. 20. f. 13. Europe. 
1-1320". 

S. apiidiceum (Grov.). — Filamonta ca- 
pillary, tufted, inuch branched, of a red- 
dish olive-gi’een colour; raniuli much 
divaricated, ultimate ones patent; navi- 
cuhe linear-oblong, elongated. Grev. in 
Hooker’s 13r. M. p. 412. Scotland. 
Fronds often with a faint metallic lustre 
Avhen dry. Filamcmts vei-y slender, and 
of nearly equal thickness throughout. 

8. Adriafwnm CAg.). — Filameuis finer 
than a hair, elongnted, subsimple, wlieu 
dried of an opaque olivt* green ; navicnilco 
narrow, lanceolate. AgGl). p.21. Venice. 

S. <‘onf(Ttnm (8.). — Frond filiform, 
sparingly divided throughout; navicuhe 
ex(;ti(?dingly crowded ; vah’es shortly lan- 
ceolate, a(5ute, with indistinct, marginal 
stria3. 81). ii. p. 75, pi. 57. f. 359. Aber- 
deen. -0008" to -OOll". 

8. hdescens (K.). — Tufted, when dry 
of a reddish colour, glossy; fdaimmts 
.subsimple, capillary, coloured and empty 
at bast?, hyaline and filled with navi- 
cul.'e at the ap(?x ; naticuho oblong-lan- 
ceolate, obtuse. IvTl. p. 112. Europe. 
1-1200". 

^.Jlarnni (K.). — Frond tufted, lubri- 
cous, yellow; lilaments tenacious, cry- 
stalline, achromatic, straigtit, fastigiate, 
branched; branches att(?nuated at the 
ap(?x, erect ; naviculfc scattered or inter- 
ruptedly aggregate, oblong or linear, with 
obtuse or truncate ends. KSA. p. 101. 
France. Na\^(!ul;e rather broad. 

8. Ititvum (K.). — Frond tufted, yellow ; 
filaments achromatic, capillary, subfra- 
gile, nearly equal tbrougliout ; naviculae 
linear or acicular, inconspicuous, alter- 
nately looselv and densely compacted. 
KA. p.l02. ‘France. 1-1080". 


8. sordidiim (TC.). — Fronds minute, 
tufted, parasitic, dull brownish-grey; 
lilaments subdichotomous, acbroniatic, 
Avitli equal branches; iiavicube sl(?nder, 
truncate ; valves lanceolate-liiK'ar, rather 
obtuse. KJi. p. 113, pi. 24. f. l.=if/o/i- 
nnna sordidiim, Meiitg. On Zoslern. 
Europe. 1-1440" to 1-1200". 

8. tenue (Ag.). — Filaments araclmoid, 
iiTegulaiiv branched ; iiaviciilm elliptic, 
dispos(?d almost in a single series. Klk 
p. 112, pi. 23. .f. 2. = Monnrma tvnue, 
Mt'iieg. Adriatic 8ea. Wlien dried it 
appears as a sulphur-green st ain ; iila- 
ments inconspicuous from their t(?iiuity, 
Ag. Professor Kiitziiig refers Agavdh’s 
.species to bis S. nuicosHin, but avo doubt 
their identiG'. 

8. simplex (E., Iv.). — Frond subsoli- 
tary; naviculoe smooth, oblong, with 
rounded ends, iu a simple series within 
flexible filiform tubes. KA. p. 90. = 
Nnunvma smiplex, hi Inf. p.-234, pi. 20. 
f. 12 ; 3I()nnema inconspienum, Meii(*g. 
p. 4.3(J ? A d riatic Sea. 1-1150" to 1-570". 

8. Lvnormandi (K.). — I*arasitic, short, 
suKsimple, in Avoolly tufts ; filaments 
achromatic?, for the most part with (?mptv 
apices ; uavicul.'c quadrangular, arranged 
iu a simple series. KA. 9i). = Mon- 
nema Lvnonnandi, INIeneg. France. 
Allied to S, tenue, but Avith smaller 
lrustule.s, M(‘ueg. 

8. tenuissimuni CK'). — Filaments 
(?iisped, subrnmose, hynline, very .slen- 
der, densely interwoven into a (rompact, 
brown mucous strafum; iiavieuhe very 
minute, linear, truncate, in obsolete 
series. KE. p. HI, pi. 23. f. 111. l-,3. 
^Monnema temiissimurn, jMeneg. Adri- 
atic, Sea. 

8. strioUdum (K.). — Fronds tufted, 
green, crisped, capillary, fastigiately 
brnnclied ; lilaments tran.sA'or.sely stri- 
ated, nearly empty at the base, filled at 
the apex, crystMl-byaline tbroughout ; 
navicula? oblong, obtuse in the lateral, 
truucate in the front A’iew. /Sf elaviyrrnm, 
branches irregidar, coa ered with obovate 
or clavate ramuli. KE. p. 114, pi. 20. f. 2. 
= Monnema striokdum, IMeneg. Ger- 
many and France. , 


Genns MTCKOMEGA (Ag., Khtz.) (=8chizonema, Meneyi), — Fmstiilea 
naviculoid, arranged in Iavo or more longitudinal seric.s Avithin a gelatinous, 
filiform or setaceous frond, or contained within tnbe.s united h)ngitudinally 
into a compoTind, often membranaceous frond. Micromega is distinguished 
from Schizonema by its com2)ound frond. We believe that under one genus 
have been comprised species belonging to two distinct types, which perhaps 
ought to form tw^o genera. 


3o 



930 SY81EMATIC HISTOBr OF THE HTFUSOEIA. 

The first contains species having series or files of naviculoe surrounded by 
a gelatinous covering, and by their" union forming a compound, generally 
stout frond, externally furnished with a common epidermis. Type, M. Smithii, ’ 
The species of this section are highly gelatinous, and consequently adhere i 
firmly to phper in drying, are frequently of considerable thickness at the ■ 
base, and often have their extremities lobed, proliferous, or penioillate. The 1 
margins, especially in old specimens, are generally more or less rough or | 
irregular. The frustules are released by the destruction of the gelatine, and : 
not by injuiy to the extremities, as in the case of tubular fronds. Each ; 
series of frustules seems to have its own proper gelatinous covering, and the 
junctions are marked* by faint longitudinal lines ; but these, which have 
been supposed to indicate tubes, are often very indistinct ; hence arises much ; 
of the difficulty in determining their proper genus. 

The second section contains species wluch have a strictly comi)ound frond 
of distinct tubes longitudinally connected, each tube similsgr to a frond of 
Schizonema. The fronds are generally membranaceous, and adhere imper- 
fectly to paper; the frustules, arranged more or less irregularly in their 
tubes, are liable to escape from an opening at any part. T^^pe, M. cornokles. 
If these sections, as is probable, should hereafter rank as genera, the three 
allied genera might be named and characterized as follows : — 

1. Monnema (Grev., Meneg.) (=Schizonema, Kiitz .), — Erond tubular, 

single-tubed. 

2. ScmzoNEMA (Ag., Grev., Meneg.) (=Micromega, Ar/., Kiitz,), — Frond 
gelatinous, not tubular. 

3. Mtckomeoa (Ag., Ehr.). — Frond tubular, two- or more tubed. The 
branching in Micromega, especially in the species belonging to the first 
section, results from the separation of the series of naviculm, and is not tlic 
branching of a tube, as in Schizonema. 


* Frond gelatinous, containing longitu- 
dinal series of navicidce, 

MicitOMEOA Smithii (Ag.). — Frond 
robust, setaceous, gelatinous, finn, simple 
below, much branched above, frustiucs 
in longitudinal series ; valves lanceolate, 
acute ; striae 40 in *001". = Schizonema 
Smithii, AD. p. 18; SD. ii. p. 76, pi. 67. 
f. 362. 1 locks and Algjc. Common. 

Fronds usually scattered, pale-yellowish 
olive; naviculm disposed in subdiatant 
files within the colourless jelly of the 
frond. 1-600". 

M. helminthosum (Chauv.). — Fronds 
robust, setaceous, griatiuous, lubricous, 
tufted, much branched, with acute apices; 
naviculas in longitudinal scries; valves 
elliptic-oblong, with rounded ends ; stria) 
48 in *001 ". = Schizonema helminthosum, 
AD. p. 20; KA. p.l03; SD. ii. p. 74, 
pi. 66. f. 366 ; S, Arhuscula, KB. pi. 27. 
r. 1 ; Naunema At huscula, E Inf. ; Jy. fru- 
tieidosum, KA. p. 104, Hocks. Colour 
olive-brown, becoming greenish-grey and. 
without gloss in drying. 1-604". It 
may be known from M, Smithii by its 
more tufted, often gregarious, lubricous | 


and darker-coloured fronds, and its larger 
and very obtuse valves. 

M. torquatum (Ilarv.). — Frond robust, 
simple below, much divided above, ulti- 
mate divisions much twisted; naviculre 
in longitudinal files; valves oblong-lan- 
ceolate; stria) 40 in •00l". = <S(rVu!i:o//Y?mu 
tw'quatum, Me. ; SD. ii. p. 76, pi. 67. 
f. 361 ; S, Sv,iithiif fi. torqualam, Ilarv. 
Manual, p. 211; Micromega setareum, y. 
torauatum, liA. p. 107. Britain. In sizo 
anti colour it agrees with M. Smithii, but 
is rtjmarkable for having its branches 
curled ; its naviculoe arc more distinctly 
in chains, shorter and broader in propor- 
tion to their length than in that species. 
1-720" to 1-690". 

M. Polyclados (K.). — ^Frond setaceous, 
dichotomously branched ; branches elon- 
gated, slender, rather rigid; naviculfo 
(membranaceous?), llaccid, in distinct 
tubes. KB. p. 118, pi. 28. f. 1. Europe. 
Spermatia elliptic. 1-1086" to 1-960". 
Meneghini unites this foim with M. tor- 
quatum, 

, M. nehulosum (IMe.). — Frond slightly 
greenish, cloudy, subachromatic, forming 
an intricate mucous stratum ; tubes gela- 
tinous, achromatic, obsolete; iiaviculre 
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slender-lanceolate, rather obtuse, loosely 
scattered. = Schkonema nebulomm, KA. 
p. 1)9. Dalmatia. Kiitzing is right in 
remarking that nw ScMzotiema nehulosum 
corresponds to iorquatum in tho form 
and dimensions of the naviculsQ. Al- 
though when dried upon paper it only 
forms a light cloud, yet, when diligently 
examined, it proves similar in ramifica- 
tion to Harvey’s species ” (Me. p. 445). 

M. WyattU (Ilarv.). — Frond carti- 
laginous, setaceous at btise, much 
branched ; branches capillary, erect, 
straight, with acute axils, tapering to a 
line point; naviculas lanceolate, densely 
packed in jelly. = Schizonenia Wyattiif 
llaiw. Maniiid, p. 211. England. Forms 
globose tufts. This species comes near 
S. Smithii, but is much more slender, 
and opims more readily and with greater 
elasticity after being dried. 

M. moUe (S.). — Frond gelatinous, 
simple below, membranous by cohesion 
above ; margin mncli divided, into at’uto 
at*gimnits ; naviciihe in ci*owd(;d tiles ; 
vnlv(\s lanceolate, acute, with 48 strijc 
ill Schizonenia moUe^ SD. ii. p. 77, 

pi. 58. f. 305. Dritain. -0012" to -0015". 
The navicuhe are very like those of M, 
hvlminthosimiy but tho form and sti-ucture 
of the frond are altogether dillerent. The 
frond is soft and llaccid, but tho naviculm 
arc firmly silicious. 

M. diveryem (S.). — Frond simple be- 
low, sparingly divided or by colnision 
irregularly snbmcmbranous above; valves 
oblong-lanceolate, with 42 stria) in ’OOl". 
= tickizomma direryms, Si), ii. p. 70, 
pi. 57. f. 303. Larne Lough. ’0013^' to 
•0018". Remarkable for Jlie diilused 
arrangement of the primary divisions. 
The species is closely allied to M, Smithii 
and M. lorquahnn. 

M. sirospennmn (K.). — Frond rather 
stout, rigid, o]ive, cartilaginous, much 
branched; branches unequal, iiTcgular, 
curved, setaceous; naviculm lanceolate, 
in dense series, often inflated into glo- 
bose; spermatia concatenate. p. 100. 
= Schizonema sirospefi'munxy Me. England. 
Ferhhps a state of SmithiL 1-720". 

M. setacemn (K.). — Frond setaceous, 

^ olive, rigid, subdichotomous ; branches, 

* lateral and terminal, abbreviated, spine- 
like ; naviculae in crowded series ; valves 
lanceolate, acute. KB. p. 117, pi. 25. 
f. 2, 3. = Schizojtema setaceurriy Me. Adri- 
atic Sea. 1-720" to 1-696". Spermatia* 
elliptic-globose. 

M. corymhomm (Ag., K.). — : Frond 
arborescent, rather stout at the base. 


firm, rigid, yellowish, much branched ; 
branches setaceous, rigid, hero and there 
corymbose; navicida) in distinct, close 
series; valves elliptic-lanceolate. KB. 

L I 17, pi. 27. f. 9. si Schizonetna corym- 
nmif AD. p. 21. England. 1-960". 

M. hydruroides (K.). — Fronds greenish 
or brown, ultra-setaceous, rigid ; branches 
elongated ; ramuli fasciculated, capillary ; 
navicuhB'in close series, minute, rather 
broad ; valves witli rounded ends. = 
Schizonema hydniroideSj KB. p. 114, pi. 26. 
f. 7. Heligoland. 1-1380". 

M. Hryopsis (K .). — Frond green, seta- 
ceous, rigid, branched ; branches scat- 
tered, supeiior ones patent, obtiise ; na- 
viclilto oblong, fruncate in front, and 
rounded in lateral view. = Schiztmenia 
Bnjopsis, KB. p. 114, pi. 26. f. 8. Heli- 
goland. 1-680". 

M. trichoctphalum(JS..). — Frond green- 
ish-yellow, ultra-setiiceous, rigid, tufted, 
sparingly brimehed ; inferior branches 
scattered, simple ; terminal ones crowded, 
curved, subulate, capitate ; navicuhe in 
very close series, minute. = Schizonema 
trichociphalnmf KB. p. 114, pi. 27. f. 3. 
Heligoland. * 1-1440". 

M. capitatam (K.). — hVond pale green, 
setaceous; branches elongated, slender, 
virgate, with a corymbose, capitate, acute 
apex ; naviculos in distinct series, miniito ; 
valves lanceolate. = Schizonema capita’- 
turn, KB. p. 114, pi. 27. f. 4. Heligoland. 
1 - 1200 ". 

. M. myxacanthum (K.). — Less stout 
than M. corymhomniy gelatino-cartila- 
ginous, pale brown ; branches diverging, 
attenuated at the bfise, digito-multiiid 
at the apex ; divisions patent, acute ; 
series of lanceolate navumlm at base 
few and loose, above more numerous, 
crowded at the apex. KB. p. 117, pi. 24. 
f. 8. = Schizonema myxacanthum, Me. 
Adriatic Sea. 

M. aurenm (K.). — Frond ai’borcscent, 
setaceous at base, rathi'-r rigid, ochra- 
ceous-yellow, much branched, fastigiatc ; 
brandies capillary, pale, mucous; series 
of navicida) and tubes distinct, crowded; 
valves lanceolate. KB. p. 117, pi. 27. f. 8. 
= Schizonema aurrn^n, Me. Sidmoufth. 
1-960". 

M. obtusum (Grev.). — Frond robust, 
setaceous, elastic, firm, irregularly dicho- 
tomous, with roimded axils and obtuse 
apices; naviculm minute, crowded in 
irregular files; valves elliptic-oblong. = 
Schizonema oWmsm/w, Grev llF. vi. pi. 302 ; 
SD. ii. p. 78, pi. 58. f. 368. Britain. 
The navV.ulm are excessively crowded, 
and wc are uncertain whether this spe- 
3 o 2 



932 


SYSTEMATIC HISTOEY OF THE IHFUSORTA. 


fio3 ou^lit not ratlior to be placod in 
Scliizon«nia. “Frond tliickcr Ilian a 
lioj^’s bri.stlo, and nearly of t^qinil diameter 
tbroiif^hout ; colour brownish-jTllow, be- 
comiiif? yellowisli-»Tecn in dyin«?. A 
liand.soiiic and distinct species, well 
marked by its roundish axils and obtuse 
apices” (Harvey). 

M. lilffttn — Frond elonnfated, 

liliforni, many times irre«rulavly dieho- 
tomoiis, with rounded axils, cylindrical, 
not atteiiuahid j navicnhe in "numerous 
parallel s(‘ries. AD. p. 23. = Scfiizotirma 
lUyttii, jMo. Norway. An elegant and 
remarkable species ; fronds (>rect. 

j\[. mcsoffhvoithii (K.). — Frond stout, 
very jj^elatinous, nrreenish, irr(‘f^nlaldy 
brauched ; branches d('ns(», nnnicrous, 
unequal; raniuli incrassated at the apex, 
patent; naviciilai vatber irregularly ag- 
gregated, dense ; valves with attcmuated 
a])ices. = Svlihuuvina mvstu/lwoidvsj KA. 
p, 103. Aberdeen. 1-()(X)". 

INI. ////ifn?7c(K.). — Frond parasitic, a'(‘iw 
short, tufted, erect, subramose; brandies 
witli oblusi', hyaline empty apices ; 
navicula) acute, linear-lanct.'olatt*, ar- 
raugn'd in two to four s(*ries. = Srhizo- 
nema ////y/nVc, . KTl. p. Ill, pi. 2.3. f. 7. 
Adriatic; 8ea. Navicnlai in front view 
linear, truncate. 1-1200". 

M. iminUomni (3[e.). — Frond para- 
sitic, small, very iniurous, gremi ; Hla- 
ni(‘nts ultra-s('ta(?eous, subsimple or fur- 
nished with acute spiniforin ramuli, 
everywhere coverc^d with very minute, 
regularly dispos(;d jiapillm ; A’alv(\s nar- 
row-elliptic, rather obtuse. = Srhhounnn 
papUhttium, Me. p. 452. Dalinatia, Na- 
vic.ulse in sei’i(*s, four limes as long as 
broad, in front view slightly elliptic, 
with truncate ends, 'riie papilla; appear 
hemi.sphencal or slightly conical, and 
are arranged in quincunx, Me. 

iM. Sl(ili(tninn \y\v.y K.). — h’ronds pa- 
rasitic, gelatinous, green or greenish- j 
brown ; tilaments setaceous, elongated, i 
irregularly hranch('d; branchi*s diverg- 
ing, short; navicuhe in .series, six times 
as long as broad ; valves elongated- 
elliptic, obtuse. KA. p. 100. = Stdiizo- 
nvrha Staliammij Ale. p. 452. Dalmatia. 
Is v(‘ry mucous and adheres .strongly to 
paper; navicruhe in front view exactly 
linear. 1-120" to 1-300". 

Al. Corhinhli (Ale.). — Frond parasitic, 
small, green ; lilammits subsimple, se- 
taceous ; frustuh's minute, live times 
as long as broad; valves narrow-ellip- 
tic. = Miizonema Corimtldif Ale. p. 45f3. 
Arar.s(;illes. Navicula} in series, in front 
view exactly linear. The thread.s, .slightly I 


mucous, are usually simple ; the few ra- 
milications are short aiicf divaricate. Ale. 

^1. fustiijatum (K.).-^ — bA'ond setaceous, 
olivaccious, much branched ; idtiniate 
branches subcoiTinbose, with lanctiolato- 
acuminate apices ; navicidm minute, ob- 
long, obtuse, in loose series. KA. p. 108. 
Torqufiv. Secondary tubes obsolete. 

AI. nwdusinfnn (K.). — hVond cartila- 
gino-giihitinous, hyaline, brown, turgi<l 
at the base, separated at the apex into 
penicilhite fibres ; series of navicuhe 
loosely ejitanglcd, intermixed with llex- 
iiose longitudinal tibres. Kll. p. 118, 
pi. 25. [A\. = Schiz<nu‘ma medntihninij Al(;. 
Adriath; 8ea. Valves lanceolate. 

AI. hijalhimn (K.). — Frond colourle.s.s, 
hyalim;, gelatino-cartihiginous, soft, seta- 
ceous at ba.se, much branched ; branclu's 
attenuated, (rapillary, empty at the apex ; 
.scriirs of navicuhe few, loose, intermixecl 
with a few film's; navicul;o minute; 
valves oblong-lanceolaW, obtust;. KD. 
. 117, pi. 24. f. iS. = Schizoin‘}na1njn1i}mmy 
te. Adriatic Sea. Navicuhe 1-000" to 
1-780"; in front view truncate. 

AI. toneUuin (K.). — Frond colourh;.s.s, 
hyalini‘,gelatiiio-cartihigiiiou.'!,s(‘ta(}eous, 
braiK-lu'd, subdichotomou.s ; branchc.s 
delicate and empty at the apex ; series 
of .slender navicula} and internal tube's 
distinct. KD. p. 117, pi. 24. f. 7. = *Vc/((i- 
zonemn Ale. Adriatic 8ea. 

AI. Jli/fdopKs (K.). — h'nmd colourlc.s.s 
and hyaline at the ba.so, above greenish, 
narrow, much bramrheii; branches fas- 
tigiattr, subacute, full to the apice.s; lower 
.series of navicuhe lax, .superior crowded ; 
valves lanceolate. KB. p. 1 L7, pi. 25. 
i. r). = Srhizonvma Ilpalopmj Ale. Adri- 
atic; and J'’iq,nch Seas, .l(;r.s(ry. Internal 
tube.s obsolete; navicuhe in front view 
oblong, truncate ; sperniatia imiuerscrd, 
globo.S(;. 

Al. lavhdiifuin (Harvey). — h^’ond ro- 
j bust, setaceous below, incyas.sated Jibovc;, 
very tc'uder and g(;latinous, cleft into 
numerous tapt'ring branches ; navicuhe 
very minute, in clo.so files ; valves ellip- 
tic-lanceolate, = Schhouenui laci~ 

niatitm, Ilarv. Alan. p. 210; SI), ii. p. 70, 
pi. 50. f. 371 ; S. setypanumj KB. p.'l 14, 
j)l. 27. f. 7. Jilurope. Frond cleft abo\ e 
mto numerous iiTegular jagged bimiches. 
1 - 000 ". 

AI. (GrifF., K.). — Frond 

»?elatiiiou.s, capillary, tufted, much and 
intricately branchetl from the base ; 
branche.s flexuos(», with rounded axils; 
frustules crowd(;d in distinert file.s ; v'alves 
lanceolate, acute. KB. p. 1 10, pi. 27. f. 2. 

I = Schizimvina parasitirmn, Harv. Alan. 
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p. 213 ; SD. ii. p. 79, pi. 59. f. 371. Eu- 
rope. Colour p»il(j yellowish, Honieliincs 
brownish. Naviciihe 1-1380". 

M. im'estcfnt (Monlajjiio). — Fronds 
parasitic, minute, lubric'oiis, brown, 
opjique, fascic 111 filed; hlanieiils dilateil 
at the base, dillusidy ramose ; branches 
anastomosing*; ; navicuhn larj^o, in one oi* 
two soviciS. = Schizonema iurrsttms, Mont. 
Annales des Sci. Nat: 1850, p. 308. 
Guiana. Navicular, with two nuclei. 

M. mticosum (K.). — Frond soft, highly 
mucous; tilaments contiguous and con- 
lluent; branches irregular; navicuhn in 
few liles; valves elliptic-oblong, with 
rouiidi?d ends, dilicately striate<l. = AS>///- 
zotirma nutcostfmj Kll ]). 115, pi. 20. f. 1); 
SJ). ii. p. 75, pi. 57. f. 3(j0. Adriatic Sea, 
England. This specit's can scarcity be 
the ^r/tizomma trntia of Agardh, as 
Kiitzing has supposed. 

M. pitrctnn ( Me.).— I'Vond olive-green, 
mucous; lilanieiils liyaline, simple? (?), 
niiurh entangled and curved ; navicnhe 
in distinct, loose, oblique or straight 
seri(}s ; valvc's lanceolale. = ^vhiztou rmt 
pttrvu/it, iNleKA. p. 100. Venice, (^ly- 
enne. Navicul;e m front vie^' linear, 
rectangular. 1-1200". 

M. JIc/Hy/iinii. — In’ond green, very 
elatinoiis; tilaments vt'iy hyaline, lu- 
ricons, fastigiately divided and laci- 
iiiatf'd ; navicnhe lanci'olate, in loose, 
ratlnu’ distant series. = 
hf/rimw), !Mo KA. p* 100. Venice. 
1-1 2(X)". 

M. Kiifzuif/ii. — Fronds tufted, intri- 
cate, much branched; tilaments hyaline, 
with rather ?icute apices; navicnhe in 
distinct series ; valves hniceolate, acute. 
= Sc/iizoiK‘m(fJl(}rcofiif}}i,MW p. 1 13, pi. 24. 
f. 3. (terniauy. Na vicular in front view 
oblong, truncate. • 1-000". 

JNI. vrispum (^loid.). — Fronds small, 
crisped, capillary, green, brancluMl; ii la- 
ments obtuse, dilated and multi tid at 
the apex; luivicuhe very minute, much 
crowdini in obsolete series. = *SV7u‘sonY:7nu 
crispum, KB. p. 113, pi. 29. f. 71. Auck- 
land Islands. 

M. pliimomm (K.). — Frond tufted, 
wayy, rather curhid, greim, fastigiately 
branched ; filaments densely tilled fit the 
ends, dilated, nniltiiid ; navicnhe distinct, 
very minute ; valves oblong-elliptic, with 
rounded ends. = Schizonvma 
KB. p. 113, pi. 20. f. 1. Europe. Navi- 
cul;e in front view oblong, truncate. 
1-1440". 

JM. ZauanJimi (Me.). — Frond very fine, 
pfile green ; filaments capillary, gi’adually 
separating into corymbose arfichnoid 


branches of one series ; iiaviculfo in loose 
series, four times as long as broad ; 
valvt>s elliptic. =S{‘hizoncma Zanardiniij 
Me. p. 453. Venice. Navicnhe in front 
view exactly linear. Fronds in ghibular 
tufts, which, diied upon najier, form 
uniform spots, in which tne S(?pavate. 
threads can only be distinguished by .‘i 
len.s. In its mode of ramification it rii- 
sombles M. jUnjvUifvnnuy Me. 

JiiUH'Ulfvrmn (K.). ~ IVonds very 
minute, tiifti!il, parasitic, lloccose, cajiil- 
lary; branches erect, separafi?d at the 
apex into ihigelliform fibres; series of 
tile very niinute navicnhe and internal 
tubes distilled. KB. p. 1 10, pi. 24; f. 4. 

Schhoiivmn Jittijrl/tfvruinj iMe. 1-1920'' 
to 1-I5()0". 

IsV. ffoccoainn (K.). — Frond niinute, 
subcapilhiry, branched, ratln'i* delicate, 
gelatinous ; series of the long, obtuse 
and trnneate navicnhe ami inltnind lnbi;s 
vervtlistincl. KB. p. ll(>. Adriatic Stai. 
1-720". 

M. intricalnni (K.). — Froml delicalci, 
subg(‘lat.iiimis, mlnilose, ]ndlid yellow, 
irregidarly branched ; branches patent, 
ii])per ones abbrisviated ; smles ot inivi- 
cuIjo loose, iiitt'rinixed with very lino 
longitudinal tibros; navicula) oblong, 
obtuse, very minute, KB. p. 1 10, pi. 2(). 
f. = tSvhhjutrma hifruuihunj Mr*. lOng- 
laiid. 1-1410" to 1-080". 

M. hombtfrinum ( K. ). Krond pale yel- 
low, contorted, twisted, mmli branched, 
capillary ; navicnhe remotely concale- 
iiate, inconspiciioii.s, ami \erv minute. 
KB. p. 1 It), pi. 2(i. f. 0. = Schhnn'nut 
bonibtp ile. Murope. (xiv. 13, 44.) 

M. r* yijjardbii ( Iv). — Navicnhe very 
narrow, aciile, arranged in a simple 
series within a ]noper luhe? ; lubes las- 
ciculalely joined into a inameiil. = *S’c//«- 
zotirma Aijardlniy E Inf. p. 23i8, pi. 20. 
f. 10. North Si'a. (x. 208. ) Professor 
Kiitzing niiiti s this species with J/. hom^ 
btfcimim', but tlie fruslnh's are appai ently 
(judging from Iho respective figures) 
much larger. 

jM. paftHs (K.). — Frond minute, para- 
sitic, iloecose-eapillarv, soft, gdaliiious; 
branches divergent or patent, Avith ob- 
tuse apices; series of navicnhe and in- 
ternal tubes distinct ; iiai icul;e very 
minute. KB. u. 110, pi. 24. f. 6. = iSc/u- 
zoiiema ptttonsy jNIe. 1-2400". 

M. Uncattnn (K.). — Fnnui decumbent, 
intricate, cajiillary, oli\'ac('ouS; tiniaeious, 
lubricous, siibrauiose; brandies at the 
’apex atfeunated, curved, rather obtuse; 
series of the AM'i’y miniitis lanceolato 
navicnhe distinct. KB. p. 110, pi. 23. 
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f. 4. = Schizonmna lineatumf Me. Dal- 
matia. 1-1320" to 1-1200". 

M. gradUinnum (S.). — Frond capillary, 
simple below, sparingly branched and 
submembranous towards the apices ; na- 
viculce crowded in irregular files ; valves 
lanceolate, acute. = Schizonetna gracilli- 
inumj SD. ii. p. 79, pi. 69. f. 372. Tor- 
quay. *0009". 

M. Ulyrkum (K.). — Fronds forming a 
dull-, obscure-gTeen, mucous, intricate 
stratum; filaments very find, simple (?), 
soft, hyaline ; iiaviculfo acuminate, lan- 
ceolate, ill dense series, indistinct when 
dried. = Schizonoitin Illyricumy ICB. p. Ill, 
pi. 22. f. 3. Trieste. 1-1G80" to 1-1440". 

minutum (K.). — Frond parasitic, 
vi?ry short, fine, decumbent, subraniose ; 
branches tapering to acute apices ; navi- 
cuhe acute, lanceolate, in few (2 to 4) 
series. = Schizonemn minutiimy KH. p. 1 11, 
]3l. 23. f. 5. Adriatic Sea. Naviculae in 
front view linear. 1-1170". 

2 * Fnmd composed of tubes hngiludi- 
nally connected. 

M. comoides (Grcv.). — Filaments dirty 
brown, coarse, membranaceous, elongated, 
twisted, composed of parallel tubes ; 
frustiiles crowded; valves oblong-lan- 
ccolate ; strias 48 in '^V\=i^ichizonema 
comoides j Grev. (scarcely of Agardh, 
certainly not the Conferva comoides of 
Dillwyn) ; Hook. 13r. F. p. 113; SD. ii. 
p. 75, pi. 67. f. 368 ; Sehizonema araneo- 
sunij Kll. p. 113, pi. 25. f. 9. Hat rocks, 
often in vast quantities. It is v(ny re- 
markable that this coarse, dii’ty-looking 
species should ever have been confounded 
with the Conferva coinoideSj Dillw. The 
latter, wo were assured by Mr. Dillwyn, 
was totally unlike the present species, 
and was corieclly described by him. 
Unfortunately Mr. Dillwyn was nnabhj 
to find an original specimen of his spe- 
cies, but he believed that a very slender 
simple-tubed Sehizonema, of a bright 
brown colour, which we once found in 
great abimdance in April, on the rocks 
outside the Mumble Lighthouse near 
Swansea, was the true Conferva comoides. 
The 4 )resent species is usually twisted in 
a rope-like manner, retains its colour in 
drying, is very opaque,' and does not 
adhere to paper. 

M. ramosissimum (Ag.). — Frond robust, 
firm, membranaceous, much branched; 
branches short, swelling upwards ; frus- 
tules minute, densely arranged in distinct, 
piirallel tubes; valves oblong-lanceolate. 
A I), p. 22. = Sehizonemn ramosissimum ^ 


Ilarv. Man. p. 210; SD. ii. p. 78, pi. 69. 
f. tl69. Europe. Somewhat resembles 
M. comoides in appearance, but is less 
elongated and less twisted. Does not 
adhere to paper. 

M. apicidatum (Grev., Ag.). — Frond 
robust, ultra-setaceous, cartilaginous, 
irregularly dichotomous ; branches with 
clavate ends, terminated by a niucro ; 
secondary tubes distinct; naviculae mi- 
nute, crowded; valves lanceolate. AD. 
p. 22; KB. p. 117, pi. 27. f. 10. = Schk 
zonema apirndatuniy AA. p. 11 ; Ilarv. 
Manual, p. 2 1 0. Sc( )tland. 

corniculatum (Ag.). — Frond very 
stout, cartilaginous, erect, rigid, subdi- 
chotomous, much branchtHl above ; iilti- 
niate rainuli subulate and spiiu!-like ; 
niivicuhe shiiidor, lanceolate, contained 
in distinct secondary tubes. .^VD. p. 24 ; 
KB. p. 118, pi. 28. f. 2. = Sehizonema cor- 
niculatum^ Me. Adriatic Sea. Habit of 
a small Fucus. 1-(K)0". 

JM. penicHlutum (Chauv., Ag.). — Frond 
thick and simple at the base, divided at 
the apex into very numerous, penicillate, 
fastigiate, capillary branches. AD. p. 23. 
=iSchizStema pemciUatumy Chauvin ; M, 
cornicidatum /i, KA. p. 100. France. 

^ M. iKdIidum (Ag.). — Frond pulvinato, 
rigid, subcartilaginous, stout, much 
branched; rainuli subercct, abbre.viated, 
obtuse; iiaviculie niinutt), in lax series 
within distinct secondarv tubes. AD. 
p. 23; KB. p. 118, id. 28.*^ f. 3. = Sehizo- 
nema pallidum^ Me. Adriatic Sea. 
(xiv. 39-42.) Tufts hemispherical, 
(hmse ; colour pallid, verging on brown- 
ish yellow. 1-720" to l-liOO". 

M. chondroides (K.). — Frond minuh', 
cartilaginous, olive-coloured ; terminal 
branches aggi’egatcd, clavati?, obtuse, 
here and there with, hair-like spines ; 
series of naviculae and secondary tubes 
very distinct, crowded; navicuke mtnn- 
branous, flaccid, minute. KB. p. 118, 
pi. 26. f.S.=^Si':hizonema chondroides, Me. 
Adriatic Sea. 1-1380" to 1-1320". Sper- 
matia immersed, globose. 

M. spineseens (K.). — Frond dwarfish, 
setaceous, slightly dilated upwards ; ter- 
minal rainuli acute, spine-like ; series of 
uaviculm and secondary tubes crowded, 
very distinct; valves lanceolate. KB. 
p. 118, pi. 27. f. X\. = Sehizonema spines- 
cens, Me. Adriatic Sea. Navicuke in 
front view oblong, truncate. 1-900" to 
1-720". Spermatia inteninl, globosi». 

M. albicans (K.). — Frond setaceous, 
whitish or olive-green ; branches an(l 
ramuli equal in thickness, fasciculated 
or whorlcd ; naviculm in distinct series. 
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lanceolate; secondary tubes distinct. KB. 
118, pi. 27. t‘. 12. = ii^^/nzoiiettia alhicam^ 
e. Adriatic Sea. 1-1200" to 1-1080". 
Meneghini describes the valves as broadly 
elliptic. 

M. lierkeleyi (K.).— Frond tufted, dull 


olive-brown ; filaments setaceous, rather 
rigid, branched ; branches erect, attenu- 
ated ; naviculoB largo ; valves elliptic- 
oblong, in very distinct secondary tubes. 
KA. p. 106. Torquay. Naviculuj in 
front view parallologramic. 1-1080". 


FAMILY XIX.— ACTINISCE^. 


Individuals silicious, furnished with radiating spines. Marine. The Acti- 
nisceae bear little or no resemblance to the Diatomaceyc, and ought to bo ex- 
cluded from them. M. do Brebisson thinks they would bo more appropriately 
placed near the Arcella, Euglyjdia, or some allied genus. On the other hancl. 
Professor Biiiley would refer them to the Polycystina. 

Genus ACTTNISCUS (Ehr.). — Frustules solid, star-like. Actiniscus differs 
from Bictyocha and Mesocena in having a solid centre or body from which 
rays, varying in number and form, diverge. 


Actiniscus Slrim (E.). — Hays 6, 
atuito, Avingod at the base*. EM. pi. 3^1. 
15. f. 1. 1-1150". Alive, Norway; fossil, 
Amori(?a. The rays setun to arise from 
the disc, and not from tin? margin. 

A. PentastarUis (E.). — Hays 5, acute, 
not (or blit partially) exserted. EM. 
nl. 35 a. 23. f. 1. 1-1150". Alive, 

Norway ; fossil, Greece and America. 

A. Tctrasterm.s (E.). — Hays 4, acute, 
not (or but partially) exserted. EM. 
pi. 18. f. 62. 1-1008". Virginia. The 

last two forms may bo varieties of A, 
tSiriiis. 

A. H Sfd/u (E.). — Stellate, with 0, 
marginal, obtuse rays or teeth. = Dicty- 


ochdf E. 1838. Fossil. Europe and 
Africa. 

A. ? (juinarius (E.). — Stellate, with 5, 
marginal, obtuse rays or teeth. 1-3120". 
Fossil, yhigina. 

A. P Jtola (E.). — Wheel-likc, with 10, 
short, obtuse, spoke-like rays. 1-1020". 
Oran. 

2 \,? Discus (E.). — Disciform; centre 
smooth ; rays 8, marginal, not exs(n’t(?d. 
1-2304". Oran. According to J<]hren- 
berg, the last four species may belong to 
Phvtolitharia. 

A. ? Lmiccnrim (E.). — Stellate, with 
8 exserted, lanceolate rays, and some 
central shorter ones. 1-240". 


Genua DICTYOCHA (Ehr.). — Frustules free, spinous, rcticulatcly per- 


forated ; foramina large. 

* FormninUf or cellsj two or three. 

Dictyocha PonticuhiS (E.). — Frns- 
lules oblong, unarmed, transverseW 
divided into 2 cells. 1-432". Fossil. 
Bermuda. 

1). Quadratum (E.).—Subquadrato or 
oblong, transversely divided into 2 cells, 
a spine at each end. 1-480". Bennnda. 
These two forms were first observed and 
figured by Professor Bailey. 

D. Pons (E.). — Houndish, with 2 cells 
ahd 4 spines. 1-504". Oran. 

D. truicantha (K). — Triangular, with 
spinous angles ; cells 3, unarmed. Mary- 
land. 

D. tripyla (E.). — Roundish, with 4 
irregular spines ; colls 3, uiiamied. 
1-492". Oran. 

D. trifenestra (E.). — Quadrate,' 4- 
spiued; cells 3, dentate. Recent and 
fossil, (xv. 36.) 


D. Ahyssnrum (11). — Frustules trian- 
gular, with 2 cells ; spiiii\s 3 ; 1 cell fur- 
nished with an internal tooth. EB. 
1854, p. 238. Atlantic. 

2* Diamond-shaped or quadrate ; 4- 
spined ; foramina 4 or more. 

D. P'ibuia (E.). — Cells 4, unaimed. 
1-1160" to 1-560". Recent and fossil, 
(xv. 34.) 

D. Plpiodon (E.). — Resembles D. 
Fibuldf but the cells are furnished Avith 
a tooth. Recent and fossil. 

D. ahwrmis (E.l. — Cells 6, unequal, 
all marginal. 1-1080". Fossil. 

D. Crux (E.). — Four unanned cells 
round a central one. 1-624". Fossil. 

1). Staurodon (E.). — Resimibles D. 
Crux\ but each marginal cell bears a 
tooth. 1-576". Fossil. Virginia. 

D. mesophthalma (E.). — Resembles 
the tAvo preceding speeies ; but each mar- 
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ginal cell has 2 opposite teeth, which 
constrict it. 1-372^'. h'oasil. Sicily. 

D. hipartitaQ^A .'). — Ilcsemhles 1). Crux, 
but has 2 minute cells in the centre. 
1-604". Fossil. Oran and Sicily. 

I), mperstrticta (E.). — Spines 4; ceUa 
9, 4 marginal. 1-000". Fossil. Sicily. 

3* Spines 6 (2 umally longer). 

D. hiternaria (E.). — Cells G, all mar- 
ginal, the 3 largest next each other. 
1-432". Antarctic Ocean. 

D. Ilvxuthyra (K.). — Cells G, 5 mar- 
ginal and 1 central. 1-804. Fossil. 
Sicily. 

1>. Speculum (E.). — Six unarmed cells 
round a central one. Connnon, both 
recent and fossil. 1-8G0". (xii. 02, 03.) 

I), gracilis (K.). — lleseinblcs JJ. Spe- 
culum ; but the spines are elongated and 
slemler. licccjit. 

I), (liommatfi (E.). — Six nnarnnal cells 
round 2 central ones. l-GOO". Fossil. 
Viiginia. 

li. aculcafa (I'a). — nesemblos D. Sjw- 
culuni) but each marginal cell bears a 
tooth. Common, both recent and fossil. 

i). BinocuJus (h^). — Jtcsembles IJ. 
aculcafa, hut has 2 minute cells iti the 
centre. 1-444". I’ossil. /lOgina. 

1). uhcra (J'].). — Cells unarmed, 7 mar- 
ginal and 2 central. 1-000". Maryland. 

JJ. f riant maia (E.). — Cells unarmed, 
0 marginal and 3 central. 1-804". 
Virginia. 

1). llaliommn (Vj.). — C ells 10, 7 mar- 
ginal and 3 central. 1-840". Oran. 

]J. honispltcerica (hi. ). — 1 1 e mi spherical, 
G-spined ; 12 cells, in two circles, round 
a central ont; ; the inferior aperture half 
closed by (» marginal teeth. 1-744". 
Hermuda. 7J. triommata and J). diom- 
7nafa resemble, in their turgid hiibit, 
this species. 

4* Sjnncs more than 0. 

JJ. sfptenaria (E.). — Spines 7j cells 


unamied, 7 marginal and 1 central. 
1-804". Oran. 

1). Ornamentum (1^.). — Resembles D. 
septenaria ; but tsacli marginal cell bears 
a tooth. 1-444". hVssil. Sicily. 

D. hcptacantkm (E.). — Spines 7 ; cells 
13, 7 of them marginal. 1-662". Fossil. 
Greece. 

D. oetonaria (E.). — Habit of D. Orna- 
mentum, with 8 spines; marginal cells 
iiTegular, fewer in number at that part 
whore the spines arti increased, and with 
a very large central C(dl. 1-1162" ex- 
clusive of ^incs. Perhaps a monstrous 
variety of T). Ornnmvnlum. 

1). Stauracanlhus (h].). — Ih'ght-spined ; 
4 marginal, dentate cells, round a central 
one. 1-048". Fossil. America. 

1). polgactis (E.). — Rays 9 or 10; 10 
marginal ccills and 1 ccmtral, arranged in 
a reticulate stellate form. In chalk-marl. 

6* Pentagonal: angles acute, hit not 
sjnnous. 

1). elcgans. — I’entagonal, perforated by 
numerous small cells and 7 central large 
omis, of which one occupies the centre. 
1-912". Fossil. Caltanisetta, Sicily. 

Douhfful or obscure Species. 

1). Naricula (h].). — Cells 8; figuni ob- 
long, obtuse, cylindrical, reticular, with 
a median septum like a Navicula. Fossil 
in chill k marl. lOhrenberg’s Jigiire re- 
sembles IJ. Ponticulus. 

1).? splcndens (Fa.). — Oblong, tabular, 
with dentate apertures (cells), 13 in 
number. If it be calciireous, it is simihiv 
to Coniopelta. 

1). anacantha (E.). — Resembles I). 
Speculum, with obsolete .spines. ER. 
1864, p. 238. North America. Perhaps 
a variety. 

JJ. Erchi (E.). — Resembles 7J. Specu- 
lum, with small, subequal spines ; walls 
of the cells thin. K. 1. c. North America. 
A doubtful species ; perhaps n variety. 


Genus MESOCENA (E.). — Fnistulcs free, each forming a ring, which is 
mostly margined witli spines or teetli. Mesocena resembles Eictyocha, but is 
destitute of its central reticulation. 


Mksockx.a heptagona (E.). — Frustulos 
annular, Avith 7 external teeth. hlM. 
pi. 20. 1. f. 49. (xii. 71.) Actiniscus h, 
E. Peru. 

M. octogonn (E.). — Frustulos annular, 
Avith 8 external teetli. l^eru. As this 
form (li Hers from 31. heptagona merely 
by its additional tooth, it is probably a 
variety. • 


! M. hisoctonaria (E.). — Frustules annu- 
lar, with 8 external teeth, and as many 
iiitiUTial ones alternating with them. 
= 3f. hioctonaria, KA. p. 142; EM., 
pi. 36 A. 18. f. 10. In Peruvian guano. 

M. hinonnria (IC.). — Frustuhis annular, 
with 9 external t(*eth, and as many 
internal ones alternating with them. 
EM. pi. 36 A. 18. f. 9, In Peruvian 
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guano. Probably a variety of the pre- M. elliptica (E.). — rnistiilea elliptic, 
ceding species. with 4 teeth. to 1-456". EM. 

M. Circulus (R,'). — Cell circular; mar- pi. 20. 1. f. 44. Fossil. Zante. 
gin tuberculated. 1-576". EM. pi. 19. M. triangula (E.). — ^Priangidar, with 
f. 44. In Greek marl. rough sides, and mucronate apices. EM. 

M. Diodoii (E.). — In the form of a pi. 22. f. 41. Fossil, chalk-imul. 
smooth elliptic ring, armed at each end M. ? Spimgiolithis (E.). — An elliptic 
with a small tooth. 1-396", EM. ring, with 4 slight alteniating swellings, 
pi. 33. 15. f. 18. Maryland. 1-492". 

GENERA OF DOUBTFUL POSITION. 

Gcmis EUCAMPIA (Ehr.). — Fmstulcs hyaline, imperfectly silicious, 
cinieatc, without terminal puncta, united’ into a jointed, spiral filament. 
[Marine. This genus, placed by Ehrenberg and Kiitzing with the Dosmidiete, 
was judiciously removed by Professor Smith to the Diatomacctc, mth which 
it agrees in structure and in the colour of internal matter. Professor Smith, 
however, considered it allied to Meiidion ; in our opinion it is more nearly 
rclat(id to the Biddulphieai, as shown by the absence of costas and terminal 
puncta, its dotted valves, and their i>rominenco in the front view. 

EucAMriA ZntUacHs (hi.). — Frustules, f. 299. Europe, (ir. 4^3.) 
in front view, with the junction-mju’gins E. Britanmca (S.). — Fmstulcs cunc- 
deeply siiiiuitcd, so as to form foramina ate, not excavated. SD. ii. p. 25, pi. (U. 
between the joints. J'l. Leb. Kreide- f. 378. Europe. Stomach of PecLens. 
thierchen, pi. i. f. 8 ; SI), ii. p. 25, pi. 60. 

Genus LITIIODESMIUM (Ehr.). — Fmstules not cellulose, united into a 
jointed, ])rismatic wand ; valve triangular, with one side ])lane, and the others 
undulated. Lithodesmium was jdaeed with the Dcsmidicio by Ehrenberg, 
and with the Diatomaccm by Kiitzing. Its non-cel I iiloso structure, however, 
prevents our associating it with the Anguliferge, as i)roposed by the latter. 

LrniODKSMiir>t umhihitum (3^1.). — thierthen, 1840, p. 75, pi. 4. f. 13. 
Fmstules smooth, very pellucid; valves Marine. Cuxhaven. (it. 41, 42.) 
with obtuse angles. E. Leb. Kreide- 

Genus [MTCROTHECA (Ehr.). — Frastules simple, free, compressed, qua- 
drate. Placed by Ehrenberg and Kiitzing wdth the Dcsmidicae. We remove 
it to the Diatomaccrc, because of its marine habitat and golden coloiu’ ; little, 
however, is known about, it, and its nature is doubtful. 

[MiciiOTUJ^CA ortoceras (K). — Cell colour. 1^1 Inf. p. 164, pi. 12. f. 10. 
quadrate, hyaline, with four spines at Marine. Kiel. (viii. 31.) 
each end; internal matter of a golden 


ADDENDA TO THE DIATOMACEiE. 

Cyclotelt.a pertenuis (B.). — Valves I cellulate or punctate; ctdls radiant. B. 
mmute, slightly convex; surface minutely | onMic.Formsin the SeaofKamtscliatka. 

The followiug coirections and addition toCYCLOXELLA are adopted from Professor 
Ariiott's paper in JMS. viii. p. 244. 

For C. operciilata (p. 811), substitute : — 

C. operculata (Ag;., Kutz.). — Ends of tvpcrcidata, E. Fresh water. Europe, 
fmstules undulate ; valves with smooth [Professor Amolt rcigards Stephana-^ 
centre, and close, short marginal striaj. »yj:^siWrt</«r«,andperhaps iSl 
KB. p. 50, pi. 1. f. 1. = Fruatidia and as identical with d, Astraea,'] 

CymhcUa operculata, Ag. ; Pyxidicula 
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For 0. rcctangula (p. 811), substitute : — 

C. Meneghintana (K.). — Fi*ont view KB. p. 60, pi. 30. f. 08. C. rectamfuluy 
rectangular; valves minute, with smooth Babl). p. 11. Europe. Freshwater, 
centre and rather coarse marginal striae. 

For C. Dallasiana (p. 813), substitute : — 

C. Dallasiana (Sm.). — Fru.stule3 with j iypa'calata^ SD. i. p. 28, pi. 6. f. 48. Eii- 
flat ends ; valves with biillate-rugoso ‘ rope. (Kiitzing, however, describes his 
centre and coarse marginal sti*iae.. SI), ' C. minutuhi as undulate.) 
ii. p. 87. = C. radiataf Bri. TMS. viii. j Q. KUtzingiana — Ends of friis- 

pl. (3. f. 11. Brackish water. Europe, ; tides undulate; valves with convex, 
America. i .smooth centre, and long, coarse mar- 

C. minutula (K.). — Frustulca with ' ginal stri.w. SD. i. p. 27, pi. 6. f. 47. 
Hat ends ; valves with radiating dots or ! Brackish water. Europe, 
striae at centre. KB. pi. 2. f. .3. = C, j 


CoccoNKis Finnica. — On careful ex- 
amination of several fossil deposits said 
by Ehronberg to contain this species, we 
can find no foim resembling the figures in 
the * Microgeologie,’ excepting Navicuin 
elUplica. 

h]ui*ODiscua ? Penimanm (Kitton, 
MS.). — Valve orbicular, fimdy punc- 
tated, with two small, roundish sub- 
marginal processes, and a subinarginal 
aeries of* close minute apiculi. Peruvian 
and Californian guanos. We regard the 
genus of this Diatom as doubtfid. The 
valve has some resemblance to an Au- 
liscLis ; but the puncta are not in flexuose 
lines. The processes, as seem in front 
view, are sliort and subtruncate, and 
the circle of apiculi which connects 
them shows an affinity to Cerataulus. 
Tlie processes of the one valve alternate 
with those of the other, and are often 
visible at the same time. 

1^. ? Grevillii (Ualfs, n. sp.). — Disc ob- 
scurely punctate, with (3) clavate intra- 
marginal pr()cos.se3, and a circlet of spines 
between the procfisses and the centre. 
Monterey. Dr. Greville. The processes, 
Avhich are rather distant from the mar- 
gin, resemble those of Aulacodiscus, and 
the circlet of spines that of Systephania; 
but tlie absence of connecting lines re- 
moves it from the former, and the pre- 
sence of processes from the latter genus. 

I*onosiiiA ? compressa (West). — Frus- 
tule geminate, free? ; polar always sliorter 
than equatorial diameter ; valve.s elliptic, 
obscurely punctate ; puncta scattered ; 
aiigulum smooth. Creswcll Sands, 
Dm ridge Bay, Yarmouth Sands. West, 
TMS. viii. p. 160, pi. 7. f. 11. (viii. 34.) 
I'his form occurs plentifully on the sands; 
the frustules always occur in pairs. The 
absence of stipes or any attacliment, the 
coinprossiid valves, and the want of a 


thickened mnbilicus, render its position 
in the presimt genus doubtful. 

EriTiiicMTA (^Fimotia, E.) Sancti An- 
tonii = F. Bcatonini = Dcnticula ? lauta 
(Bail.). — This species has been found 
% ]Mr. Kitton in the Monterey-stone and 
llichmond deposits; in the latter tliey 
occur ill filaments of 0 and 7 frustiilt!s, 
clearly showing that they are improperly 
laced in the present genus, and are pro- 
ably allied to Dcnticula. 

Navicula hullata (^Nonnan, n. sp.)i — 
Elliptical, extremities slightly pro- 
duced; stria) in a marginal and two 
central bands; marginal band of un- 
equal width ; the blank spaces betwemi 
the gi’anules studded with a line of cir- 
cular bosses; strioe moniliform, 14 in 
001". Stomachs of Ascidians, Shark 
BtW, Australia” (Norman in litt.), 

N. SiUimanorum (E.). — Inflated at the 
centre ; apictis produced, rounded, and 
constricted; striae radiant, not reaching 
the median Ikne. EM. pi. 2. 2. f. 13.= 
Pinnularia SUlimanorum, EA. p. 133. 
New York deposit. This species re- 
sembles Gomphonemn geminatuniy but is 
distinguished by its less conspicuous 
strhe and equal ends ; the figure in EM. 
rimresents only a fragment. 

Cgpnnns (E., K.). — Small; valves 
oblong, slightly contracted into the very 
broad obtuse ends; centnd nodule ob- 
long ; stiia) evident. KB. p. 90, pi. 29. 
f.36. = Pinnularia Cyprimis. EA. pi. 1. 11, 
f. 7. Chili. 

N. Rtnnickeana (B-ab.). — Kestunbles 
N. cuspidata and N, rostrata) but the 
capitate ends are more prolonged, and 
the stria) are only 30 in ’001 Bab. 
Algen Sachs. No. 802. Dresden. 

Aulacodiscus Sollittianus (Nonnan, 
MS.). — “Disc large, hyaline, with six 
conspicuous processes, ciistant from mar- 
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gin; granules radiating, not reaching 
tlie centre, 9 in 'OOl" ; smooth round the 
base of the processes. Deposit from 
Nottingham, oelow Maryland, which 
seems to be identical with the Bermuda 
tripoli, and contains several forms pecu- 
liar to that deposit ” (Norman in littA, 

A. Barhculensia (Ralfa, n.8.). — Disc 
large, hyaline, very minutely punctated, 
with small umbilicus, (3) intramarginal 
roundish processes, and faint connecting 
lines. Barbadoes deposit. Distinguished 
by its very obscure puncta. The rather 
large processes, when nearly out of focus, 
appear to have a central dot. 

Trig EnATiUM crenatum (Kitton, MSJ)» 
— Sides rounded, margin crenate; gra- 
nules radiating li’om the ps(Judo-nodule, 
distinct at the margin, hut less con- 
spicuous as they approach the centre. = 
l)iscoplva undulata, EM. pi. 33. 18. f. 3. 
Nottingham deposit. The presence of 
the pseudo-nodule shows it to be an ally 
of T. liriyhtwvllii ; but the nearly orbicni- 
lar outline and crenate margin distin- 
guish it from that species. The frag- 


ment ligured by Ehrenberg we have no 
doubt is identical with this form. 

T. Boujerhankiana (Balfs). — Valves 
with two concentric circles, radiating 
lines between the circles, distinctly punc- 
tated angles, and blank or indistinctly 
punctated centre. Barbadoes deposit. 
The largo valve has nearly straight sid(*s, 
and obtuse angles; it is divided into 
three parts by two suture-like ciredes, 
the outer one with a border of bead-like 
dots, which are most evident mnirest the 
sides ; the lines between the circles are 
abbreviated, only one on each side reach- 
ing the inner circle. 

CRASrEDODiscus Barbmhiisis (Halts, 
n. 8.). — Border very broad, its diamettir 
greater than that ol’ the centre ; cellules 
of centre very minute, those of border 
larger and arranged in cur\'ed, decussat- 
ing lines. Barbadoes deposit. Disc 
about the size of C. CosciHudisruSf but 
with a much smaller cent ns. It di tiers 
from both that species and C. 7mcrodm‘iis 
in having the cellules of the border in 
curved series. 


Substitute tli(i following descriptions for the notices of Craspkdodiscus Stella 
and C. Fnmklini at n. 832 : — 


C. H Stella ( lil.). — Valves hemispherical, ! 
witli a very broad, smooth, ohsoletely : 
radiat(M] liiiib, amt a small, finely ctdlu- j 
lose centre, having an iiregiilar margin ; j 
rays 12, irregular. EB. 1855, p. 238; hi j 
M. pi. 35 J3. n. 4. f. li. North America. 
On accoiiiit of its rays, this form may be 
tlie typo of a new genus ; but they were 
distinct only in a single specimen, whilst 
ill the greater niunber scarcely a trace of 

To C. semiplanm (Bri.J, add : — 

Tliis Diatom, which is not uncommon ! 
ill the Barbadoes deposit, is no doubt • 
incorrectly phict^d in this genus. In our 
opinion it is closely allied to Astoro- * 
laiupra, amf should either be united to 
that genus, or a new genua formed to ; 


Ihom could bo detected. It approaches 
to the characters of Symbol ophora. 

C. Franklun (E.). — Disc turgid, with 
a deciduous, broad, liyaline, smooth 
marginal limb, and a very lino punctated 
(yellowish) centre, having an irrc'gnlar 
margin ; centre ami limb of nearly the 
same diameter. ERBiV. 1853, p. 52(5; 
EM. pi. 35 A. 23. f. (>. Assistance Bay. 
Akin to Coscinodisem disciycr. 


include this and other allied discs asso- 
ciated together in the deposit. Mr. 
Brightwidl’s specimen must have bc(m 
imperfect, since we liiul the radiating 
lines invariably correspond in number 
with the marginal coinpartmeiits. 


To C. 7nargmatiis (Bri.), add : — 

•We consider that this Diatom also is 
wrongly referred to Craspedodiscus, and, 
notwitlistanding its large punctated 
centre, is really more allied to Astero- 
lampra, — its marginal compartments, 
however, being extrimicly minuio. In 
the Barbadoes deposit wo tind discs 
sometimes (as in Asterolanipra) witlimit 
any umbilical cellules, and sometimes 
with a large celliiloso centre, and these 


extremes so connected by intennediate 
states as to make it doubtful wliellier 
the cellulose centre is available even 
as a spcciiic distinction. We hope Dr. 
Ureville, who has paid miicli attention 
to tliese forms, will soon publish a 
monograph of tlnnu in continuation of 
his former admirable paper ou Astero- 
lampra. 
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For Cbaspedodiscus coronatwtj substitute the following : — 

Genus BKIGHTWELLIA (Eulfs, n. g.). — Disc with a largo granulated 
centre, separated from a broad punctated limb by a circlet of oblong cellules. 

We have constituted this genus to receive a beautiful Diatom placed by Mr. 
BrightwcU in Craspedodiscus, but which differs so greatly from other Diatoms 
that we believe it should form the type of a new one, which, with much plea- 
sure, we dedicate to the author of tho excellent monographs of Triceratium 
and the ChaDtoccrcsD. 


Bhightwei.lia coronata (Bri., Ealfs). 
— Central portion of valve with an 
irregular blank umbilicus and radiating 
scries of ^anulcs, which are closer and 
in curved lines near the circlet of cellules. 
= Craspedodisem coronatuSf Bri JMS. 
viii. p. 95j pi. 5. f. 6. Barbadoos deposit. 
This species is veiy variable in size. In 
a dr}' state it is of a punilish or brown 
colour, but in balsam hyaline; the centre 
has the granules irregular near tlio um- 


bilicus, and interrupted by blank rays; 
but near the circlet of cellules they be- 
come more regular, and form cuived, 
monilifomi lines. The broad limb is 
usually brownish when dry, ajid marked 
by numerous radiating lines, similar to 
those of Coseinodisem concinnm, and 
have in tho intervals extremely minute 
obliquely aiTanged granules. The radi- 
ating lines, although conspicuous in tho 
dry state, nearly disappear in balsam. 


After CYMATOPLEunA Ovtnn (p. 793), insert : — 


C. midtifasciata (Kiitz.). — Vsilves 
linear, with acAitcly cuneate apices, and 
very fine trails vtirso striic. = Surirolhi 
multifasciataf KB. p. (30, pi. 3. f. 47. 
Europe. 


C. thermalis (Kiilz.). — Slightly pan- 
duriform, otherwise as in C. mtiHifiisciatiu 
= SiinreUa ihermalisy KB. p. 60, pi. 3. 
f. 46. Europe. 


Genus CYLTNDEOTHEOA (Eab.). — Frustules exactly cylindrical, with 
percurrent spires, and imbedded in an amorphous, gelatinous mucus. 

CYLiXDiiOTHKCA6'<?r5<<?niK?r^c;i*(Ilab.). 1 (rarely one or three) spires, llab. Algen 
— Frustules lanceolate, acute, with two \ Sachsens, No. 801. Dresden. 


Note. — Mr. Ealfs originally proposed to introduce a family Synodreae, as 
mentioned in p. 758, but subsequently transferred the genera to the family 
Surirelle^, the genera in which he distributes thus i-v 

* Frustules hacillar ; valves heeled — NiTzscHiEiK. 

Genera. Nitzschia, Ceratoneis, Amphipleura, Bacillaria, and Homococladia. 

2* Frustules hacillar ; valves scarcely broader than front view, not heeled — 

Synedre^:. 

Genera. Synedra, Desmogonium, Dimeregramma, and Staurosira. 

3* Ftnistules not hacillar ; valves mostly broader than front view, 'not heeled — 

SuRTRELMS^. 

Genera. Eliaphoneis, TryblioncUa, Cymatopleura, Surirella, Campy lodiscus, 
and Calodiscus. 
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DESCRIPTION OF THE ENGRAVINGS. 


PLATE I. (Besmids). 

Fig^ores 1 to 14. Cosmarium margaritiforum, &c., under different stages of develop- 
ment : 1 , 2. Frond, enclosing “ vesicles ” filled with moving granules ; 3. Supposed early state 
of moving granules ; 4. Early stage of self-fission ; 5. FisBion-products escaping the enclosing 
wall of parent cell ; 6. Separation completed ; 7. Sporangium still connected with parent 
frond ; 8. Same with mammilliform spines ; 9. Sporangium furtlier developed ; 10, 11. 
Supposed mature sporangia ; 12. Same, broken and empty ; 13, 14. Young supposed 
products of sporangial contents : all after Mrs. Thomas, TM. 1855. [Wo are disposed to 
think that one or two other species besides Cosmarium m organ tiferura are hero confounded. 
4, we suggest, may possibly be C. cselatum or C. cristatum, showing nascent segments ; 
7, C. Brooraci, the empty frond to tlio right showing a segment not yet fully developed ; 
8 and 9 appear to us as probably more likely to represent the conjugated state and sporan- 
gium of 0. bioculatum, of which figs. 10, 11, 12, may represent the ultimately extruded 
inne^ membrane, while figs. 13 and 14 may truly be the young fronds developed from their 
contents, and which have not yet commenced vegetative self-division.] 1^17. SphuTo- 
zosma vertebraturn (Ealfs): 15. A portion of a filament seen in f. v. x200; 16. tr. v. 
X4(K); 17. 8. V. x400. 18,19. Micrasterias papillifera (Breb.) : 18. f. v. X 100; 19. Spo- 
rangium x2(X). 20. M. roiatji (Rulfs), f. v. x ICX). 21. M. radio.sa (Ag.), f. v. xlOO. 
22. M. Crux-Molitensis (Ealfs), f. v. X KX). 23-25. Euastruni Didelta. (Xhilfs) : 23. f. v. 
with ondochrome ; 24. o. f. in f. v. ; 25. tr. v. : all x200. 26. E. rostr.itum (Ealfs), f. v. 
X4(X). 27,28. Xanthidium armntum (Br4b.): 27. f. v. ; 28. s. v. ; both x2(X). 29, 30. 
Arthrodcsnms octocornis ( Klur.): 29. var. /1,-f. v. ; 30. var. a, f. v. : both X400. 31-34. 
Staurastrum ciispidatum (Breb.) : 31. f. v. ; 32. showing the nascent segments ; 33. tr. v. ; 
34. e. v. : all x4<X). 35,36. Ankistrodesmus falcatus (Ealfs), x40lT. 37-39. Sceno- 

dcsnnis obtusus (Meycn), aftt^r Niigeli, showing segmentation of the cell-contents, x300. 
40-42. S. caudatus, after Niigeli, x«‘i00. 43. 8ame, segmentation of cell -contents, x400, 
44,45. A few marginal cells of “ Bediastrum 8elcmea (Kg.)”=P. pertusum (?), after 
Niigidi, X300. 46-48. P. (Auomo]>etUum) integrum (Nag.): 46. Xl5(); 47. X400; 
48. 8. V. X400. 49-51. Coelastrum splucrieum (Niig.) : 49. x200; 50, 51. X300. 
52. Pediastrum Ehrenbergii (Braun), after Braun, x4()0. 53. P. Selemea (Kg.) [non 
Ealfs, = P. pertusum], after Niigeli, xl50. 54, Coelastrum cubicum (Niig.), after 

Niigeli, x300. 56-58. Soraslruin spinulosum (Niig.): 56. x300; 57,58. XOOO. 

59 61. Pediastrum Boryaiiura, var. brevicoriiis, after Braun : 59. Two marginal cells, 
one empty, the other dischuVging the original inner membrane closely investing the inicro- 
goniffia ; 60. The same lialf an hour afterwards, considerably dilated, the mierogonidia 
each with a pointed hyaline beak, and at first slowly moving ; 61. Mierogonidia, 
eventually emitted, swimming freely: all X300. 62. P. granulatum (Kg.). 63. Brood 

of inaerogonidia emerged from shell of old frond, X400. 64. A few marginal cells of an 
old frond, 6«mc empty, the ccll-contents of others undergoing previous segmentation, and 
one discharging tl»e inner membrane investing the brood of macrogonidia (Braun), X400. 
65. Same as 63, seen from the edge, x4(K). 66. Same, seen in f. v., tlie cells now slightly 

cinnrginate, X41X). 67. Same, four hours after the iiiacrogonidia have ceased to move, the 

marginal cells now drawn out into liorns, but not yet having assumed their projRjr form, 
apd all exhibiting spaces between, not yet having become closely applied to each other, 
X400. 68,69. P. Boryanum: mierogonidia treated with tincture of iodine and sul- 

phuric acid, sliowing the vibratile cilia, tho slightly retracted contents, and a nucleus, 
X500. (Figs. 03-G9 after Braun.) 

PL.ITE II. (Desmids). 

Fig^ores 1 & 5. Closterium Leibleinii (Kg.), x2U0 : 1. A frond filled with endochrome, 
and an empty one lying across it (the latter shows the central suture) ; 5. Sporangium lying 
botw-een the conjugahHl, and now empty fronds. 2 & 6 . Closterium slriohitum (Jlhr.), 
X 190 : 2. A frond with endochrome, showing the longitudinal fillets and the single row of 
large granules ; 6 . Two empty conjugated fronds, showing tho strioi iiiid the orbicular 
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sporangiam lying between them, enveloped in mucus. 3. Staurastrum (Desmidium, Ehr.) 
eustephanum, e. V. 4. Spirohenia eondensata (Erdb.), x200: the frond is seen with its 
spiral bantl of endochrome, and surrounded by a mucous hyaline slieath. 7. Staurastrum 
(Dcsmidiiim, E.)senarium. 8 & 11. Dotddium Elircnbergii (Balfs), xlOO: 8. Conjugating 
fronds, the sporangium in an early stage of development ; 11 shows the process of develop- 
ment by fission, the young segments partially grown. 9- Docidium elavatum (Kg.)» X lUO. 
10 & 30. Euastrum 2>cetinatum (Erob.), xll()0: 10. A single frond; 30. The s^iinous 
sporangium, the empty segments adjacent. 12, 13. Tetmemorus Brebissonii (Eiilfs), X 
200: 12. f. V. ; 13. s. v. 14, 15. Ponium margaritaceum (Ereb.), x200: 14. f. v. var. a ; 
15. 8. v. of two empty fronds, var. y, the sporangium between tliem. 16, 17. Staurastrum 
alternaiis (Breb.), X400: 16. f. v. ; 17. e. v. 18 & 23. Xanthidium cristatum (Brcb.), 
X400: 18. f. y. ; 23. e. v. 19 & 36. Scenodesmus quadricauda (Ralfs), x400: 19. A 
frond of two cells ; 36. one of four cells. 20, 21, 24, 25 & 31. Staurastrum polymor- 
phum (Breb.), X400 ; 20. e. v. (of livc-rayed var.); 21&31. f.v. ; 24. A frond multi- 
plying by self-division ; 25. Sporangium with its furcate spines, and around it the empty 
and previously conjugated fronds. 22. Micrasterias denticulata (Breb.), xKX), sporan- 
gium of. 26. Cosmarium ecelatum (Ealfs), x300: front view of frond multiplying by 
self-division, the young segments partially growm and their siurfuce still sinootli. 27. Pe- 
diastrum tetras (Ralfs), X400, f. v. of a frond. 28,29. Tetrachastrum oscitans (Dixon), 
X 100 : 28. f. V.; 29. tr. v. of e. f. 32 & 35. Kyalotheca dissiliens (Breb.): 32. x20(>, 
tr. V. W'itli investing hyaline gelatinous sheath; 35. X400, f.v., also showing the ’sheath. 
33,34. Cosmarium undulatum (Corda), X400: 33. f. v. ; 34. Sporangium with the 
emp<y fronds. 37 & 40. Dcsmidiuin quadi'angulatum (Ralfs): 37. x2U0, f. v. of fila- 
ment; 40. XoOO, tr,v. 38,39. Didymoprium Borreri (Ralfs), X400: 38. tr. v. ; 39. 
Portion of a filameiit, f. v. Diatoms: — 41, 42. Lithodesmium undulatum ; 43. Eucainpia 
Zodiaciis. Desmid: — 44. Micrasterias Americana. Diatoms: — 45. Podosira monilifor- 
mis attached to Polysiphouia ; 46, 47, 49, 50. Biddulphia pulchella ; 48. Deiiticclla 
Biddulpbia. 


PLATE III. (Desmids). 

Figure 1. Gonatozygon Rnlfsii (Do Bary), three joints of, x300 ; 2. Same, conju- 
gated, showing sporangium, XotX). 3. Genicularia spirotajnia (De Eary), single joint of, 
X lf>0 (vide De Bary, op. cit. iv. 1. p. 717), XiWX). 4. Lijptocystiiieiiia Kinaliani (Archer), 
X200, showing front and side views of the hand of endochrome, and tw’O joints willi 
nascent halves. 5. Aptogonum Eaileyi (Ralfs), X4(K); 6. Same, c. v. 7. Dcsmidiuni 
Aptogonuin (Breb.), portion of a filament, x4(X); 8. Same, e. v. x4(X>. 9. Spoiulylosiuin 

depressurii (Breb ), x3(X): live joints, one dividing. 10. S. pulchellum (Areber), x4o(): 
five joints of a hlamcnt. 11. Euastrum oblongum (Ralfs), x2(X). 12. E. iiisigiie (11 ass.), 

X2U0. 13. E. binalo (Ralfs), X 40(J. 14. Cosmarium pyramidatum (Breb.), x300; 

15. Same, c. v. xilOO. 16. C. cyliiidricum (Ralfs), x3U0; 17. Same, e. v. xMlXl. 18. 
Staurastrum avicula (Breb.), x3<X); 19. Same, e. v. x3tKJ. 20. S. tcliferiim (Rails), 
X3()t>; 21. Same, e. v. X-‘XK). 22. S. spougiosum (Breb.), x3fX); 23. Same, e. v. x3U0. 

24. S. quadrangulare (Breb.), X3(X); 25. Same, c. v. 26. S. globulatum (Breb.); 
27. Same, e. v. 28. S. givicile (Ralfs), X»*KK); 29. Same, e.' v. x3U<). 30. S. vc.slitum 

(Rails), x3U0; 31. Same, tr. v. X^HX). 32. S. furcigerum (Breb.), X2(X); 33. Same, e. v. 
X2(XJ. 34. S. margaritaceum (Mcnegb.), x3(X); 35. Same, c. v. X 3(X). 36. Arlhro- 
desmiis Incus (Hass.), x 4(X). 37. Triploceras vcrticillatum (Bailey). 38. Docidium 

Baculum (Urcb.), x2(J0. 39. Clostcrium ilidyinotocum (Corda), X KH). 40. C. turgidum 

(Elir.), X 100. 41. C. lincaium (Ehr.), x OX); 42. Same, conjugatetl, sliow'injsj the double 
sporangium, X BX). 43. C. attenuatuin (Ehr.), X IW. 44. C. rostrutum (Ehr.), X lOO. 
45. Penium interruptum (Breb.), x200. 46, Docidium Ehrenbcrgii (Ralfs), X 200, after 
W. Archer (Nut. Hist. Review, vii. p. 37o) : commencement of growth of lateral tube 
preparatory to the formation of zoospores. 47. Same, the zoospores emitted and forming 
an external cluster (p. 716). 48-54. After De Bary (op. cit.) ; all X 100, showing develop- 
ment .of sporangium of Cosmarium Botrytis (Mcnegli.) : 48. The inner membrane with 
contents escaping bv bursting the outer wall of the sporangium ; 49. The same escaped, 
somewhat further cfevelopcd, preparatory to segmentation of the contents, ilio external 
membruTic doubled ; 50. Tlio same, division finished ; 51. The same, 1 \ hour after ; 
62. The same, at a later stage ; 53. Oerm-cclls, ordinary vegetutive division bi^guii ; 
54. Product of the first division of^ germ-cell, each new half (but not until now) liaviiig 
assumed the characteristic form of the species. 55-60. After De Bary (op. cit.), all X31X>, 
showing development of sporangium of Cosmarium Mencghiiiii (Breb.) : 55. Empty out- 
side coat of a sporangium with an open slit or fissure by which the inner membrane (with 
contents) has come out ; 56. The emerged inner membrane and contents ; 67. A pair of 
germ-cells formed therein ; 58. The same, one escaping ; 59, 60. Products of the germ- 
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cells, slio'wing one segment the form of the germ-cell, the other, ordinary yegetaiive division 
supervening, having assumed that eharaetcristie of the species. 61: Euastrum didelta 
(lUlfs), xToO, abnormal condition of, after W. Archer (Nat. Hist. Review, vi. p. 469), 
showing a central irregular structure produced between the original segments, appiirently 
owing to the non -formation of a septum on the resumption of vegetative growth, and 
forming with them but one uninterrupted cavity; and in this instance the new central 
growth having assumed the size and nearly the form of an entirtj frond, its axis of growth 
and plane of expansion are at right angles to the old segments. 62. Arthrodesmus Incus 
(Hass.), XilOO, abnormal condition of, after W. Archer, l.c., showing an abnormal growth 
analogous to preceding, but carried on to another vegetative generation, the middle portion 
being older than tliose produced between it and the original segments, the whole still 
forming within but one uninterrupted cavity. 63. Cosmocladium pulchellum (Breb.), 
X250. 


PLATE IV. (Diatoms). 

[Plates IV. to VIII. are engraved by Mr. Tuffen West. Many of the figures are from original 
drawings, others from specimens, and all of them are magnified 300 diameters.] 

Figuxe.l. Epithemia turgida, f. and s. v. 2. E; Westermanni. 3. Eunolia pentaglyphis. 
4. E. triodon. 5. Amphicampa mirabilis. 6. Himantidium pectinalc, f. and s. v. 7. 
Podosphonia Elnrcnbergii, f. and s. v. 8. Rhipidophora paradoxa. 9. Liemophora flabcl- 
lata. 10, Podocystis Adriatica. 11. Sceptroncis Cuiluccus. 12. Dimeregrainma sinu- 
atum, f. and s. v. 13. Diatoma vulgare, f. and s. v. 14. D. clongatiun. 15. D. Ehrcn- 
bergii. 16. D. hyalinuin, f. and s. v. 17. Asterionclla formosa. 18. A. Balfsii. 19. 
Bacitlaria paradoxa, f. and s. v. 20. B. cursoria. 21. Nitzschia Sigma. 22, N. scalaris, 
f. and 8. V. 23. Ccratoneis longissima, f. and s. v. 24. Homoeocladia Martiana, f. and s. v. 
25. II. filiformis. 26. II. sigrnoidca. 27. Synedra Arcus, f. and s. v. 28. S. pulchclla, 
f. and s. v. 29. S. capitata. 30. Ampin* pleiu*a pollucidu. 31. A. inflexa. 32. Plagio- 
graiiima pulchellum, f. and s. v. 33. Dimercgramma nanum, f. and s. v. 34. J). distans, 
f. and 8. v. 35. D. Tabollaria, f. and s. v. 36. Tryblionclla gracdlis. 37, T. acuminata. 
38, Campy lodiscus Hibernicus. 39. C. spiralis. 40. Striatclla unipiinctahi, f. and s. v. 
41. Rliabdoneina Tiiinutum, f. and s. v. 42. Hyalosira delicatula, f. and s. v. 43. Rliab- 
donemn Crozieri, f. and s. v. 44. Biblarium Castellum (KM. 33. 2. 1.). 45. Stylobiblium 
Clypciis. 46. Gompliograinina riipestinj, f. and s. v. 47. Grammatopliora marina. 48. 
O. serpentina, f. and s. v. 49. Gcpliyria media, f. and s. v. upper and under valves. 
50. G. iiicurvata, f. and s. v. ditto. 51. Diatomella Bulfoiuiana, f. and s. v. 52. Disi- 
phonia australis. 


. PLATE V. (Diatoms). 

Figure 53. Cyclotella opcrculata, f. and s. v. 54. C. rectangula, f. and s. v. 55. 
Actinogonium scptenariiiin. 56. Liostephania magnilica. 57. L. Kotula. 58. Dictyo- 
lampra Stella. 59. Muslogonia Aetinoptychus. 60. Hyalodiscus subtilis. 61. Podosira 
Montagnei, f. and s. v. 62^ Mclosira Horologium, f. and s. v. (EM. 33. 2. 17). 63. M. 
Bubfiexilis, f. and s. v. 64. M. nummuloides, f. and s. v. 65. M. orichalcea. 66. Aste- 
romplialus Araclme. 67. Mclosira Roseana, f. and s. v. 68. Discosira sulcata, f. and s. v. 
69. Stephaiiodistjus yEgyptiacus, f. and s. v. 70. Endictya occanica, f. and s. v. 71. Me- 
losira Borreri, f. and s. v. 72. Liparogyra spiralis, f. and s. v. 73. Peristephania Eutycha. 
74. Stejfiianopyxis Turris. 75. S. ferox, f. and s. v. 76. Xanthiopyxis obloiiga. 77. 
Stephanogoflia polygoiui, f. and s. v. 78, Coscinodiseus ovalis. 79. Asteromphalus 
Bi’ookei. 80. Craspedodiscus Coscinodiseus. 81. Systephania Corona. 82. Ilalionyx 
iiiideimrius. 83. Coscinodiseus stellaris. 84. Aetinocyelus Ralfsii. 85. IlekTostephania 
Rotliii. 86. Asteromphalus Darwinii. 87. A. elegans. 88. Aetinoptychus undulatus, 
f. and s. V. 89. Coscinodiseus concinnus. 90. Odontodiscus eccentricus. 


PLATE VI. (Diatoms). 

Figure 1. Auliscus pruinosus. 2. Eupodiscus Argus : <r, s. v. ; A, f. v. (the latter 
from Kiitzing). 3. Auliscus sculptus : rt, s. v. ; A f- v. 4. Aulacodiscus Oreganus. 5. 
A. Beeveria;. 6. Porpeia quadriceps : a, s. v. ; A, f. v. 7. Ccrataulus Irevis : a, s. v. ; 
A, filament. 8 . Ilydrosera eompressa, s. v. 9. Cerataulus turgidus : a, s. v. ; A, f. v. 
10. Biddulphia Tiiomeyi: a, s. v. ; f. v.^ * 11. Zygoceros Mobilieusis: a, s. v. ; A, f. v. 
12. Biddulphia Indiea. 13. Ilydrosera triquetra : a, s. v. ; 6, filament. 14. Ilemidiscus 
cunciformis : a, s. v. ; by f. v. 15. Triccratium Solenoceros. 16. T. cxiguum. 17. T. 
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Tcnosum. 18, T. oontortum. 19. T. Bpinosum. 20. T. punctatum. 21. T. altemans : 
a, 8 . V. ; b, f. V. 22. Amphipentas flexuosus : a, with five jingles ; A, var. with four angles. 
23. Plourodesmium Br 6 bi 88 onii : a, s. v. ; A f. v. 24. Chwtoceros Wighamii : a, Gonio- 
thccium-liko frustule, f. v. ; ft, same, s. v. ; <?, s. v. of connecting zone and awns without tlie 
frustule ; rf, filament entire. 25. C. bon^ale : s. r. ; ft, f. v. 26. Baoterinstrum furcaium. 
27. B. Wallichii : a, s. v.^ ft, filament (This figure is introduced for the sake of the f. v., 
which 80 closely resembles Bocteriastrum furcatum and B. curvatum as to bo imdistin- 
guishablo in this aspect). 28. Dicladia Capreolus : a, s. v. ; ft, f. v. 29. Gonioihecium 
Odontella : a, s. v. ; ft, f. v. 30. Periptera tetracladia. 


PLATE VIL (Diatoms). 

Figure 31. Bhizosolenia Calypt ra. 32. R. styliformis, from a figure sent by G. Norman, 
Esq., Hull. 33. R. setigera. 34. Syringidium Aniericanuin. 35. Hercotheca niam- 
millaris. 36. Cocconeis Placcntuhi. 37. C. transvcrsalis. 38. C. distans. 39. C. pbuudo- 
niarginata. 40. C. excentrioa. 41. Achnaiithidium coarctatum. 42. Achnauthes loiigipos. 
43. A. subscssilis. 44. A. cxilis. 45. Cymlxdla cuspidata. 46. C. Ehrenborgii. 47. 
Cocconema parvum : a, s. v. ; ft, f. v. 48. C. Boeckii : a, s. v. ; ft, f. v. 49. Encyoneina 
prostratum (frustulea) : a, s. v. ; ft, f. v. 50. Amphora angularis. 51. A. nicmbranacea. 
52. A. litoralis. 53. Syncyclia Sal pa. 54. Amphora cyinbifcra: a, upper surface in 
focus; ft, lower surface in ditto. 55. Navicula tumida: a, s. v. ; A, f. v. 56. Amphora 
ovalis. 57. A. spectabilis : a, upper surface in focus ; ft, lower surface in ditto. A. 
hvalina. 59. A. marina. 60. Gomphonema geminatum. 61. Navicula didyma. 62. 
N. Hitchcockii. 63. Stauroneis oblique. 64. S. Crucicula. 65. Navicida (Piimularia) 
major. 66. N. producta. 67. Stauroneis linearis, 68. Navicula rhynchocephala. 69. 
N. Ilcnricdyi. 70. N. latissima. 71. N. rhombica. 72. N. Amphisbiuna : a, s. v. ; ft, f. v. 
73. N. Cluthcusis. 74. N. borealis. 75. N. maxima. 76. Stauroneis acuta. 77. S. 
pulchella. 


PLATE Vlir. (Diatoms). 

Figure 1. Oncos^icnia? (Diatoma ekmgatum y, SBD.). 2. Euplcuria occllata. 3. 
Synedra robusta 4. Dimeregramma pinnatum. 5. Tessella interrupta. 6. Dimcrcgramina 
llarrisonii. 7. Nitzschia Brightwcllii. 8. Euplcuria pulchella. 9. Achnanthidium 
trinode. 10. Tetracyclus lacustris, s. v. 11. Cladogramma Californicum. 12. Rhab- 
doneina minficuni, f. v. and a, v. 13. Cyclotella punctata. 14. Asteromphalus centraster, 
punctations of compartments omitted. IS. OmphaloiK'lta areolala. 16. Amphitctnis 
ornatii. 17. IMelosira areiiaria, s, v. 18. Coscinodiscus nitidus. 19. Perithyra donaria. 
20. Syringidium bicorne. 21. Asteromphalus heptaetis. 22. Euodia gibba. 23. Bid- 
dulplua Macdoiialdii. 24. Aulacodisf'us Kittoni. 25. Periptera chlamidophora. 26. 
Cosi-inodiBciLs excavatus. 27. Triccratium trisulcum. 28. Aulacodiscus pidclier. 29. 
Triccratium ciKslollatum. 30. Eiinotogranima, s. v. 31. Microthcca octowras. 32. Plcu- 
rosigma foi niosum. 33. P. Balticum. 34. Podosira? compj^cssa. 35. Attheya decora. 
36. Slaurogramma Persicum. 37. Anaulus scalaris. 38. Schizoncma Grevillii. 39. 
lAsicyclia Vogelii. 40. Schlzoncma Dillwyiiii. 41. Rhizonotia Mclo ? 42. Rliizosolcnia 
robusta. 43. Collctoncma oximium. 44. Oinplisdothcca hispida. 45. Pleurosi])honia 
affinis. 46. Toxonideu undulatn. 47. Colletonema neglcetum. 48, Stiginaphora roslrata. 
49. Donkinia carinata, s. v, 50. Calodiscus superbus. 


PLATE IX. (Diatoms). 

Figure 131. Melosira sulcata. *131. M. varians. 132. Actinoptychus senarius. 
133-136. Navicula viridis. 137, 138. Surirclla Htriatula. 139. Stauroneis Phccnic- 
cntcron. 140. Amphiplcura pcllucida. 141. Navicula Amphisbama. 142. Stauroneis 
platystoina. 143. Navicula nod ohb.' 144. Pleurosigma Balticum. 145. P. hippocampus. 
146. P. acuminatum. 147. Syru;dra subtilis. 148. Nitzschia sigmoidca. 149. Cyma- 
toplcura clliplica. 150-152. Wurirclla splendida. 153. Amphora ovalis. 154. Cymbella 
Elireiibcrgii. 155. Cymatoplcura Solea. 156-161. Epithemia turgida (except, in group 
lo?, those figures marked with across). *157. Epithemia Westermanni. 162, 163. Coc- 
coneis scutellum. 164. Eunotia triodon. 165. Epithemia granulata. 166, 167. Bacil- 
Una paradoxa. 168. Diatoma vulgare. l99. D. eloiigatum. 170. D. mesodon. 171. 
Uimantidium pectinate. 172. Odontidium hyemale. 173-175. Fragilaria capucina. 
176. F. virescens. 177-179. Meridion circulare. 180-182. Rhabdonema arcuatum. 
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PLATE X. (Diatoms and Protozoa). 

Figure 183. Isthmia enervis. 184. Sjnedra Ulna. *185. S. capitata. 185. S. 
lunaris. 186. Podosphenia gracilis. 187-190. Gomphonoma constrictum. 191-193. 
Licmophora ilabcllata. 194, 195. Cocconema lanceolatum. 196-198. C. (fistula. 
199-202. Achnanthes brevipes. .203, 204. Rhabdoncma arcuatuni. 205. Acineta 
inystacdna. 206. Syncyolia Salpa. 207. Schizonema HofTinannii. 208. Micromega 
Agardhii. Protozoa: — 209-211. Cyclidium Glaut^oma. 212. Pantotrichum Encholys. 
213. Chsetomonns Globulus. 214, 215. Cheetotyphla armata. 216-218. Clisetoglcna 
volvocina. 219, 220. ]?*eridinium Tripos. 221. P. Michaelis. 222, 223. Poridinium 
Fusus. 224-226. Glcnodinium apiculaium. 227. Trichodina tenfaculata. 228-230. 
T. Pediculus. 231, 232. Urocentrum Turbo. 233, 234. Stentor Kcrsclii. 


PLATE XL (Diatoms). 

Figures 1 to 8. Epitliemia turgida (Tliwaites) : 1. A view of concave surface ; 2. A 
side view ; 3. Apposition of concave surfaces in the first stage of conjugation ; 4. A front 
view ol* a single eudo(!hrouie, showing it to have divided into two segments ; 5. The young 
sporangia l^ng transversely between the cleft parent frustules ; 6. The same, viewed end- 
ways, showing their cylindrical figure; 7. Increased growth of the sporangia; 8. The pro- 
duced sporangia ultimately much larger than parent fronds, and now striated like the 
latter. At the commencement of conjugation the fronds arc enveloped in mucus, as shown. 
9, 10, 11, 12. Gomphonema curvatum (Tliwaites), illustrating the process of conjugation 
in this being, wliich generally resembles that in Epithemia. 14. Mclosira nummidoides 
(Kalfs). 17. Goinplioncma minutissimum (Thwaites) conjugating. 18. Dinophysis acuta 
(Ehr.), f. V. 19. D. iiinbata (Ehr.), f. v. 20 & 27. Melosira coarctata (Ehr.), f. vs. 21, 22. 
Amphitetras aiitediluviana(Rulfs) : 21. A partial s. v. ; 22. filament. 24, Tetracyclus 
lacustris (Ralfs): 24. Filament; 25. A marginal view. 26. Melosira sulcata (Ehr.), a 
filament. 28. Actinoptychus Jupiter (Elm.). 29. Mclosira Italiea (Ehr.), filament. 

30. Sphenosira Catena (Ehr.), filament. 31. Actinoptychus? liexaptera (Ehr.). 32. 

Ainnhipentas? altcrnans (Elir.). 33. Asterolampra Marylandica (Elir.). 34. Asterom- 
phalus ilookori (Ehr.). 35. lleliopelta Meiii (Ehr.). 36. Synibolophora Trinitatis (Ehr.). 
37. Spirillina vivipara (Ehr.) : a menilier of the family Arccllina, having a close affinity 
with the calenreous-shclled Polytlialaniia or Foraniinifera. 38. Grasp^odiscus elegans 
(Ehr.). 39, 40. Cosciiiodiscus rudiatus (Ehr.) : 39. f. v. ; 40. s. v. 41, 42. Eupodiscus 
Ar^is (Ehr.): 41. f. v. ; 42. s. v. (In fig. 41, the sites of the three tubular processes, 
wliich led Elirenbcrg at first to call it Tripodiscus, are seen.) 43, 44. Triceratium Favus 
(Ehr.) : 43. f. v. ; 44. s. v. 45, 46. Climacosphenia moniligera (Ehr.) : 45. f. v. ; 46. s. v. 
47. Terpsinoo musica (Ehr.). 48, 49. Grammatophora gibba (Ehr.) : 48. f. v., showing 
the two iinj)erfect 8t?pta (vitta;, Kiitz.) at each end ; 49. s. v. 50, 51. Zygoccros Surirclla 
(Ehr.): 50. s. v. ; 51. f. v. 52,53. Grammatophora marina (Ehr.): 52. f. v. ; 53. a. v. 
54. ilemiaulus aiitarcticus (Elm.), f. v. 


PLATE XTI. (Diatoms, Protozoa, &c.). 

Figure 1. Amphiprora coustricta (Elir.), f. v. 2, 3, 4. Surirella Gemma (Ehr.) : 
2, 3. f. V. ; 4. s. V. : those figures were intended especially to represc*nt the foot-like pro- 
cesses (cilia^) and the foramina through which these are protruded. 5. .Navicula eiispidata 
(Elir. ), B. v. 6. N. amphirliyncus (Ehr.), s. v. ^ 7, 8, 9. Stuuroiicis iihyllodcs (Elir.) : 
7, 8. H. V. ; 9. f. V. 10, 14, 30. Btaiuroneis scnlnris (Elir.) : 10. s. v. ; 14. Process of self- 
division seen on f. v. ; 30. s. v. 11. Canipylodiscus ilexuusa (Ehr.), f. v. 12, 13, 22, 23. 
C. Ehrenbergii (Ehr.) : 12 & 22. f. vs. ; 23. s. v. ; 13. View'ed lying on one end. 15 & 31. 
Nayk'ula major (Ehr.): 15. s. v. ; 31. f. v. 16. Stauroneis dilatatn (Ehr.), s. v. 17,18. 
bT PliaMucenteroTi (Ehr.): 17. f. v. ; 18. s. v. 19, 20. Surirella Cratieula (Ehr.) : 19: f. v. ; 
20. 8. v. 21. Navicula Tabellaria (Ehr.), s. v. 24, 25. Epithemia Libi*ile(Ehr.) : 24. f. v. ; 
25. s.v. 26. Amphora gracilis (Ehr.), s. v. 27. Epithemia gibba (Ehr.), vciitnd surfuco. 
28 & 53. Goniphuncmu apiculaium (£br.): 28. f. v. ; 53. s. v. 29. Ilimantidiiim 
monodoii (Ehr.), s. v. 32. Navicula afiiiiis (Elir.), s. v. 33. N. Chilensis (Ehr.), 
ventral surface, s.v. 34 & 36. Syiiedra Gallionii (Ehr.): 34. f. v. of four eonjuined; 
36. B. V. 35. Gomjihonema Vibrio (Elir.), s. v. 37. Amphora navicularis (Elir.), f. v. 
38. A. Ijibyca (Ehr.), f. v. 39. Eimotia quiiiaria (Ehr.), s. v. 40. Dindesmis lievis 
(Elir.), f. V. 41. Cocconeis Finnica (Klir.), s. v. 42. C. occaiiica (Elir.), s.v. 43. Na- 
vioula Esox (Elir.), s. v. 44. Nitzschia valciis (Ehr.), f. v. 45, 49, 50, 51, 52. Himan- 
tidium Papilio (Elir.); 45 & 51. Filamciils; 49, A single fruslulc seen on ventral 
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Burfaco ; 50 & 52. s. y. 46. Cocoonema cjmbiforme (Ehr.), s. y. 47. Foridinium con- 
Btrictum (Ehr.) : the median sulcus or constriction is well seen dividing the lorica into 
two segments — patellic or valves, each of which is hero again composed of several facettes. 
A distinct nucleus (sexual gland, IShr.) is shown. 48 u , h. Ooceoncis Americana (Elu*.) : 
48 a. 8. y. ; 48 b. Several frustules adherent to a i)orlion of Conferva. 54. llimantidium 
Guianenso (Elir.), f. v. of a filament. 55,56,57. Colletonerna Amphioxys (Ehr.): 55. 
B. y. of a single frustide ; 56. f. v. ; 57. A collection enclosed in their mucous investment, 
Been in dillerent positions. 58. Sphaerozosma? . . . (Briglitvvcll): tliis production was 
found by Mr. Brightwcll (see ‘Fauna Infusoria of Norfolk *). We cannot perceive any 
affinity between liis drawing and the members of the genus Sphierozosma, to wliich he has 
surmised it might belong. 59. Ceratoneis Clostcrium (Ehr.), s. v. 60, 61. Plcurosigma 
Fasciola (Ehr.). 62,63. Dictyocha Speculum (Elu*.): 62. Viewed in front; 63. Viewed 

sideways. 64. Dilllugia acanthophora (Ehr.): its surface illustrates what is termed an 
imbricate disposition of tlio scale-like markings; a navicular body is represented in its 
interior, as seen through its transparent lorica. 65, 66. Asplanchna Brightwellii (Bright- 
well). These two figifres are from Mr. Brightwell’s book : 65 is there described as “ a 
young specimen (female), just emerged, in which the red eye and germs* of other organs 
are seen ; ” in 66 “ may be seen the (esophagus leading to the stomach, and above the 
stomach two small bodies (either salivary or hepatic glands), and under it tlic opaque 
ovisac.” 67, 68, 69. Zoothamniuin Arbuscula (Bright well) : these three figures from 
Mr. Bright well illustrate the curious cycle in development referred to in the text. 70. 
Vaginicola . . . ? (Brightwell) : apparently a Vaginicola undergoing spontaneous fission. 
71. Mesocena heptagona (Eln-.). 72. Navicula cardinalis (Elu*.), s. v. 73. Stauroncis 

Isostauron (Eln.), s. v. 


PLATE XIII. (Diatoms). 

Figuro 1. Ampliiplcura pcllucida. 2. A. rigida. 3. Surirella constricta. 4. Don- 
ticula elegans. 5, 6, 7. Amphiprora alata. 8. Epitheinia alpestris. 9. Ccraloncis 
spiralis. 10. Cocconoma gibbiim. 11. Ooinplioncma curvatum. 12. Epithemia For- 
cellus. 13. (left) Podosplicnia hyalina ; (right) P. cuncata. 14. P. Elircnbcrgii. 
15. Rhipidophora tcnclla. 16. Lieinophora divisa. 17. Rhipidophora Nubecula. 
18. Ep itlicmia Musculus. 19. Rhipidophora Mt?negliiniana. 20. Synod ra fulgens. 
21. Moridion circulare, var. 22. Uraiiiinatophora Iiumiditeni. 23. (Joinplionema 
acuminatum. 24, 25. Odontidiurn hyemale. 26. Tubcllaria ventrioosa. 27. Rhab- 
donoina .-^driaticum. 28. Pododiscus Jainaicensis. 29. Tabellariu flocculosa. 30, 31, 
32, 32 a. Biddulplda obtusa. 33. Pyxidicida Adidatica. 


PLATE XIV. (Diatom.s). 

Figures 1 to 12. Fragilaria capucina. 13. llimantidium Solcirolii. 14. Cym- 
bosiru Agardhii. 15. Achnanthidiuni microcvplmlum. 16. A. dclicatuluin. 17. Cyclo- 
tclla Scolica. 18, 19, 20. Cymbella gastroidcs. 21. Rliaphoneis Ainphiceros. 22. 
Eiicyoneiiia prostratuni. 23. Jlyalosira rectaiigida. 24-28;® Cymbella Helvetica. 29. 
llyalosira obtusangula. 30. SpluMiella aiigustata. 31. IS. obtusata. 32, 33. Diadosmis 
confervacoa. 34, 35 b. Berkeleya Adrialica, 36. (jloinphonema coroiiatum. 37, 
38 (/, b, c. iloma*oeladia pumila. 39-42. Micrornega [)allidum. 43, 44. M. bomby- 
cinum. 45, 46. Ilomccocladia moniUforniis. 47-49. II. Marliana. 


PLATE XV. (Diatoms). 

Figures 1, 2. Cyclotella atmo8pherica(H!hr.). 3. C. Atlantica (Ehr.). 4. C. Sinensis 
(Ehr.). 5. Staurosira construens (Ehr.). 6, 7, 8, 9. Epithemia longicornis (Elir.). 10. 

Goiiiothtjcium crenatum (Ehr.). 11. Epithemia Argus (Ehr.). 12. Navicula didyma (Ehiv). 
13. Desmogonium Guianen8e(Ehr.). 15. Navicula ticniata (Ehr.). 16,17. ilirnantidium 
monodon ( Khr.) : 16. Two frustuks conjoined in front view ; 17. s. v. 18, 19, 20, 21, 
Arachnoidisciis ornaius (Shadbolt) : 18. External membrane, as seen when detached from 
the inner framework, or when viewed from the outside of the sliell as an opaque objecjt ; 
19. Tlie inm.T framework is exhibited on a black disc as an opatpic object ; 20. The mem- 
brane and framework united, as seen by transmitted light, XlilJO; 21. The same, more 
amplified, X o(H). 22, 23. Campylodiscus purvulus (Smith) : 22. s. v. ; 23. Partial f. v. 
^,25. Orammonema Jurgensii (Ralfs): 24. Front and s. v. of a single friistule ; 25. A 
filament. 26, 27. Melosira Niigcli : a serit^ of figures to illustrate the distribution of the 
chlorophyll (endoclirome), and the presence of a nucleus : 26 a. viewed from the base ; 
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266. firom the lateral surface; two bands of chlorophyll are seen on each side, and their 
section at the angles; 26(7. from the base; 27r Seen from below, nucleus with nucleoli 
and sap-currents ; large and small chlorophyll-globules ; 27 h. Seen from the side ; the 
two lateral bands of chlorophyll are seen, and a parietal nucleus, with sap-currents from it, 
in the centre of one side ; 27 c. An individual after division, seen from the side. The 
chlorophyll bands appear only in section. Each secondary cell lias a parietal nucleus. 
28 (/, 6, c\ d. Bacillaria Niigcli : a, viewed from the broad side, a granular nucleus in the 
centre ; 6, also the broad side, an individual before division, the nucleus primarily divided ; 
6‘, division complete; viewed from the base (in section). 29 (Z, 6, c, d, Melosira ])ickieii 
(Thwaites) : «, filament, in ordinary state ; 6, filament, the terminal cells of which are 
becoming converted into siiorangia ; c, sporangia ; d, sporangial frustules becoming deve- 
loped from one of the halves of a previously divided sporangium, X220. 30 a, 6. Mas- 
togloia Danseii (TJiwoites) : a, portion of frond, x35; 6, a part of same, x220. In it 
two frustules are shown, one in front, the other on side aspect. 31 «, 6, c, d. Dickieia 
ulvoidcs (Ralfs); a, natural size, in dilferent stages of growth; 6, frustules (navicular 
bodies) highly magnified when fresh ; c, one when dried ; rf, a lateral view of the same ; 
a portion of frond, less highly magnified, showing tlie simple and binate frustules. 

32. Ardosira varians (Thwaites) (=Galliouella, Ehr.), filament with sporangia, X220. 

33. M. Italica, filament with sporangia. 34. Dictyocha Fibula. 35. D. trifenestra. 


PLATE XVI. (Diatoms and Desmids). 

Figures 1 to 6. Navicula (Pinnularia, Ehr.) major. From Schlciden’s ‘ Principles of 
Botafiy,* to illustrate the structure of the silicious valve. 1. s. v. (venter, Ehr.). “ In tlie 
middle line are two clefts, terminating at Uie centre, as well as at the other ends, with a 
little circidar erdargeineiit, more clearly seen in figs. 3 and 5. The rounded spot in the 
middle, atid at the two ends, is not a hole as represented by Ehrenberg. That such a hole 
is decidedly soinetiuies not present, is seen in such fragments as figs. 3 and 5. In the 
position of the oblique lateral clefts (striaj or costae, Elu*.), the valve consists of two leaves, 
penetrated by the clefts, which, where both the lamell» touch each other, are somewhat 
broader, wliicli explains the varying breadth of the (defts according to the alteration of tho 
foci. Fragments in whicli this structiu'c is clearly represented may be frequently obtained 
by crushing the valve (fig. 6 ). 2. A front view', showing that the rounded enlargements of 
tho median line are but depressions on the external surface. The double contour, denoting 
the thickruiss of tlie wall, is well seen. This clearly shows that a passage exists from the 
top to the bottom of the valve, wliich may be easily confirmed if the valve, or better still an 
oblitpjc section of it, bo looked at from alxivo ; fig. 5 is such a section.” 7, 8. Cymato- 
plcura elliptica (ISmith). 9. C. Solea. 10 19. Closterium Ehrcnbergii (Smith), showing 
tlie stages in its conjugation, and tho formation of the sporangia: 10. A single frond in its 
ordinary condition ; 11. Tw'O fronds approacliing to conjugate ; 12. Conjugating fronds 
undcM’going self-division, the upper showing the protuberances tln-ough tho tom apices of 
w'hich the contents of the divided fronds ^lass into the sporangia; 13. SShows the passage of 
the endochrome-sac and its contents; 14. Conjugated fronds having pcrfwjted their spo- 
rangia; 15 (after M. Morrifli). Development of the “propagules” into young fronds; 
16, 17, 18, 19 (from Morren). Development of a sporangium into a Closterium with 
uiuuptal si'gments: the figures arc all ui:ignified i(M) times. 20 26. Surirella biseriata 
((Smith). To illustrate the structure of tho valve and self-division uf the frustule : 20. View 
of frustules on the completion of self-division ; 21. Apertures of costal canals seen in front; 
22. Silex ot» coniieeting membrane after iiiaecratiun in acid ; 23. f. v. (the broad median 
longitudinal band is the conneeting zone of the two valves) ; 24. s. v. ; 25. e. v. ; 26. 
Transverse section of empty frustule. 


• PLATE XVII. (Diatoms and Phytozoa). 

Fig^ures 506 509. Pyxidieuln globata. 511 & 515. Xanlhidium ? ramosum. 512. 
X. hirsutuin. 513, 514. X. ? difibriiie. 516- 518. Cainpylodiseus Ciypeus. 519-531. 
Spirillum Bryozoon. 532, 533. Astasia navalis. 534. (lygcs sanguineus. 


PLATE XVllI. (Phytozoa). 

Figure 1. MonnsCrepuseulum, x8(K). 2. Monas Puneium. 3,4. Uvelhi Glaucoma, 
X dbU: 4. Detached monads. 5. Polytoma Cvella. 6. Mierogleiia mouadina. 7. Gle- 
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nomorum tingens, X250. 8. Dozococcus ruber. 9. Bodo intestinalis, x300. 10 & 21. 
Monas Lens. 11 a, b. Cercomonas lobata. 12 a, b. C. truncata. 13 a, b. Ampbimonas 
dispar. 14. Chilomonos Faramocium, x380. 15. Monas clongata. 16. Trepomonas agilis. 
17. Monas globulosa. 18. Cliilomonas granulosa. 19. Monas attcnuata. 20. Cercomonas 
acuminata. 21. Monas Lens (two figs.). 22. Cercomonas longicauda. 23. C. Globulus. 
24. Spiroinonas volubilis. 25. Pleuromonas jaculans. 26. Ilcteromita exigua. 27. Tre- 
pomonas agilis. 2Sa,b^Cyd. Trichomonas Batrachorum. 29. Cryptomonas ovata, x600. 
30. Prorocentrum uiicans. 31. Lagonella euclilora. 32. Cryptoglena conica. 33, 34. 
Trachclomonas Volvociiia. 35 6, c, d, Chonemonas Scliranlui : c, d. Var. C. unifilis. 

36. Astasia licematodes. 37-39. Euglona sanguinea. 40, 51, 54. E. viridis, encysted 
and in act of fission. 41, 42. E. Pyrum, X4<fi. 43, 44. E. longicauda. 45. Ambly- 
ophis viridis. 46. Euglcna viridis. 47. Chlorogonium euchlorum. 48 a, b, c. Astasia 
limpida. 49, 50. A. contorta. 52. Euglcna spirogyra. 53, 55. Eutreptia viridis. 
56. Zygoselmis inacqualis. 57. Bacterium triloculare. 58. Suirocheeta plicatilis. 59. 
Spirillum Uudula. 60. Vibrio Bacillus. 61. Spirillum Undijla. 62. Vibrio Bacillus. 
63. Spirodiscus fulvus. 64. Vibrio Kugula. 65, 66. Sporouema gracilo. 67, 68. Spi- 
rulina plicatilis. 69. Zoogloea Termo : a mucoid mass of Vibrios, the individuals of which 
are equivalent to Bacterium Termo of Dujardin. 


PLATE XIX. (PiiYTOzoA). 

Figure 1. Chromatium Weissii. 2. Mcnoidium pellucidum. 3. Tetramitus descissus. 
4-6. Mallomonas Ploslii. 7 a, A, c. Phacotus viridis. 8. Anisoncma Acinus. 9,10. 
Trj'pemonas volvocina. 11. T. cylindrica. 12. Chonemonas acuminata. 13, 14. Lepo- 
cinclis Globulus. 15. Hirmidiuin inane. 16. Chlamydornonas pulvisculiis. 17. Dinema 
griseolum. 18,19. Eutreptia viridis. 20-31. Chlamydococcus (Protocjoccus) pluvialis, 
its forms and development, after Cohn : 20. A still cell revived afb^r dcsi(;cation ; 21. Cell 
with nucleus ; 22. Still cell with dense external coat ; 23. Fission of primordial within the 
parent cell ; 24. Fission of a still cell, wall of parent cell be(;ome gelatinous ; 25. Jlivision 
of secondary cells ; 26. Fission of ciicystcil cell into four secondary, and 27. into thirty- 
two cells ; 28. The several cells produced set free, a membrane thrown out around one ; 
29. An irregular-shaped, Euglena-like zoospore; 30. A cell on the point of assuming 
the motile (joiidition; 31. A very small, globular, encysted zoospore. 32-37. Gonium 
pectoralc : 32. A perfect tabular frond ; 33. Betached cells, showing their contractile 
vesicles ; 34. Four cells (gonidia) united by the radiating tubular processes of their external 
membrane, into which the green contents do not enter; 35. Excepting one cell of the 
tablet, all tlic others have proceeded, to a greater or less extemt, by the proci'ss of iission, to 
generate “ daughter cells,” or the rudimentary gonidia to form new tablets; each one is 
still surrounds by the “ niolhcr-ccll ” w'all; 36. A tablet, of which the original gonidia 
are widely separated, and loosely held m situ by the external cell-wall; fission has further 
proceeded, and rudimentary tablets formed from each original gonidiiim, consisting of 
sixteen “ daughter cells’* (macrogoiiidia) ; in 37 the connecting bonds are quite dissolved, 
and the sixteen secondary tablets set free: all XotXJ. 38- 58. IStephanospIiaTa pluvialis, 
exhibiting its forms and modes of development: 38. An ctpiatorial view; 39. Lateral 
view, gonidia spindle-shaped, with protophismic elongations ; 40. Division of gonidia into 
four “daughter cells” ; 41. Fiu’ther divided into eight, united in an annular form ; 42. 
A further-advanced stage, macrogonidia now forming distinct families, like the one repre- 
sented in fig. 07 ; 43. Division of gonidia preparatory to forming microgonidia ; 44. A 
full-grown resting cell ; 45. Beginning of division of a resting cell; 46. Division into 
four, outer membrane disappeared ; 47. Ta])cring of one end of secondary or “ daughter *’ 
cell preparatory to formation of cilia; 48,49. Kaked zoospores; 50. Encysted zoospore 
(gonidium); 51. Resolution of all the gonidia, except one, of a mature Stephanosphiera 
into mi(;rogonidia ; 52. Dctacliwl ciliated niierogonidia ; 53. An encysted zoospore with 
protoplasmic elongations of the primordial cell; 54, 55. J)ivision of encysted zoospore; 
56. More advanced stage of division ; 57. A young family of eight cells; 58. Another, with 
the (X'lluJar envelope still visible within the ineiiibrane of the mother cell: Xo(X) (Cohn). 
59-69. Pandorina Morum: 59. Perfec-t form, with sixteen gonidia, side view; 60. Tiie 
same, polar view ; 61. A gonidium, side view ; 62. A frond with the gonidia divided ; 
63. A more advanced frond ; 64. A young frond of fig. 63, ufUT formation of cilia, set 
free ; 65, 66. Young fronds, gonidia pushed close tx)gctlicp ; 66. A polar view ; 67. End or 
polar view of a frond like 65, the gonidia of wliicli ai-c emrysted and turned red and their 
gelatinous envelope nearly dissolved; 68. A side view of the same; 69. A single encysted 
gonidium. Figs. 59 to 08 (except 61), xlOO; figs. 01 & 09, x4()0 (llcnfrey). 
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PLATE XX. (Piiytozoa). 

Figures 1-14. Polytoma Uvella, forms and development of: 1. Perfect form; 2. 
Same, acted on by chromic acid, wliich has separated the primordial cell from the external 
envolopo; 3-6. Stages of fission -process; 7. Kosting stage ; 8. External membrane broken 
up into granules ; 9. Fission into four ; 10-12. Arrangement of secondary or “ daughter " 
cells ; 13. Contraction of body within external envelope ; 14. Body retracted from ante- 
rior extremity: X'‘300 (Schneider). lS-21. Fission and formation of microgonidia in 
CJilorogonium euclilorum. 22, 23. Pandorina Morum (?) : 22. A presumed form of, 
with encysted immature fronds, XLW; 23. Another presiunod form, x220. 24. 

Chlamydococcus (?), a presumed form of; the two internal globular cells of a clear 
ruby-crimson; the moving granules probably monads ; suggested to be Spermatozoa, X220 
(Currey). 25. Volvocina, a developmental phase of one of the, having encysted gonidia. 
26-28. SyncryptaVolvox, x260. 29,30. Synura Uvella : 30. Section of a group (Ehr.). 
31. Uroglcna Volvox. 32. Volvox Globator. 33-49. Illustrations of structure and 
development of Volvox Globator (Busk and Williamson) : 33. A section shomng parietal 
cells and contained gemmag ; 34. Portion of edge of an embryo Volvox viewed in tho 
equatorial plane to show the common envelope and tho position of the subjacent cells or 
gonidia ; the last not passing beyond the external gelatinous (?) coat (Busk) ; 35. Higlily 
magnified view of three cells ; the faint lines between indicate the limits of the gelatinous 
envelope of each cell ; 36. Section of a specimen mounted in glycerine (Will.) ; 37. Cells 
seen from above, showing radiating threads ; 38. Oblique section, mounted in glycerine; 
39-41. Single cells ; 42 44, 46, 47. Progressive development of Volvox by fission ; 45. 
Diagram of a superficial view of a portion of a globe (Will.) ; 48, 49. Winter spores of 
Volvbx aureus : 48. An earlier ; 49. A later and mature condition (Busk). 


PLATE XXL (Protozoa). 

Figure 1. Amoeba Schultzii, x330. 2. A. globularis, x330. 3. A.porrecta, X330. 
4. A. princeps, xIOO. 5 a, A, c. Amoebiform germs or “Proteans*' of Spongilla. 6. 
Miliola vulgaris. 7-9. Arcclla vulgaris ; 8. A side view; 9, Empty shell. 10. DiAugia 
globulosa, xl.OO. 11. Euglypha alveolata, em^ty shell, x340. 12-14. Gromia oviformis : 
12. A young specimen ; 13,14. Nuclear bodies found in (Schultze), x300. 15. Arcclla 
Okenii. 16. Gromia oviformis, x300. 17. Difllugia pyriformis. 18 a, b, Sujmosed 
young forms of Gromia Dujardinii : a, x72; b, x 180. 19 a-f. D. Enchelys : a, b. Different 
forms ; c. Contents resolved into granules ; d, e. Fission into two and four portions ; 
/. Two individuals coherent. 20 a, b. Early stage of an undcscribcd Miliola : a, x 72 ; 
A, x330 (Schultze). 21, 22. Miliola obesa: 21. A young specimen, x72; 22. Shell, 
after the removal of tho calcareous matter by dilute acid. 23. M. Anconensis. 254. 
Animal contents of a Miliola after dissolution of the shell by acid ; displaying a constric- 
tion at each half turn, and the delicate membranous envelope at tho lower and larger 
extremity. 25. Cornuspira perforata. 256. Kotalia Venota, seen in front. 27. Bosalina 
ornata, portion of shell of, '^100. 28. Polystomella venusta, x72. 29, 30. P. Stella- 

borealis, seen in front, x72; 30. Portion of cell to show structure, xl80. 31. Kotalia 
Veneta, shell after action of acetic acid, X 180. 32. Nuclear body from the last chamber 
of Tcxtilaria picta, x330. 33. Botalia Veneta, xr>0. 34 a, b. Acervulina aeinosa; 

b. Natural size. 35. Acervulina globose, portion of shell, x300. 36. Textilaria picta, 
X 180. 37. Acervulina globosa, section through thickness of shell, x300. 38. Polymor- 
phina siliceA, silicious matter detached by pressure, x300. 39. Polystomella strigilata, 
animal substance with attached particles apparently assuming an independent existence, 
x330. 40. Portion of contents of Gromia Dujardinii. (Figures 20 to 40, Schultze.) 


• PLATE XXII. (Protozoa). 

Figures 1-3. Amoeba radiosa ; 2. An older specimen ; 3. One nearly divided into 
two. 4, 5. A. Limax. 6. A. guttula. 7-11. A. bilimbosa : in 7 and 9 the external 
envelope strongly marked by a double outline; a clear zone witliin it; 9. First stage 
of encysting; 10. A nucleus with a central clear space, and one with two nucleoli; 
11. A specimen acted on by solution of iodine ; contained starch-granules coloured blue. 
12-18. A. aetinophora : in 13 two pulsating vesicles occur ; 15. Specimen acted upon by 
acetic acid, showing double outline of inlegdment ; 16 contains refracting particles of a 
crystalltne form; 17. Some such particles isolated, and more higlily magnified; 18. Two 
coherent individuals, indicative either of fission or of conjugation. 19. Cadium marinum. 
20-23. Amceba bilimbosa : 20. Treated with iodine, the Btarch';granulca coloured blue; 
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21, All* encysted 22. A ruptiu^ and empty cyst; 23. Probably the act of 

‘ fiaeion. The large; circular body lying between the two halves is an encysl^^d Oxytricha 
which has been tuen up by the Amceba. 2^-27. Cypliidium aurcolum. 28, 29. Grega- 
lipa jSipunculi;. 29. A double being, the result of fission. 30-32. Progi'essivo develop- 
ment of the contents of a Gregarina from an Annelid (Coenurus variegata) into pseudo- 
navicellse, — in other terms, three pseudo-navicella capsules. 33. G. clavata. 34. G. 
Sieboldii, full-grown. 36, 36. G. Tercbelke; 36 exhibits longitudinal costas. 37. A 
group of Psorospermia, from a cyst in the eye of a (Vprinus Tinea. 38 a, h,e. Full- 
grown Psorospermia : o, viewed in front, x900 ; ft, seen n-pm above ; p, on one side. From 
the vesicula of Gadus lota. 39. Psordspermia from a cutaneous cyst on a Gastcrosteus 
(Stickleback), X 580. 40, Psorospermia from a cyst of Gostcroateus aculeatus ; a group 
showing the different ^tages of development. 41. Psorospermia burst by pressure from 
Cyprinus Brama; ft, the contained amoebiform body isolated, xOOO. 42. Epipyxis 
TJtriculus. 44, 45. Microtheca octoceros. 46. Opalina Lumbrici. 47. O. armata, 
transverse fission. 48, 49. Dinobryon Sertularia. 


PLATE XXITI. (Protozoa). 

Fig;ures 1, 2. Actinophrys, figured as one phase in the development of Yorticella 
microstoma by Stoin: external coat; ft, nucleus; c, vesicle. In 2 a ciliated embryo 

appears within a distinct sac. 3-5. Podophry^a fixa (?), represented by Stein as anotlicr 
phase, besides figs. 1 and 2, in the dcvelopincnt of Vorticcdla microstoma. A ciliated germ 
18 seen in 4, wliicli in 5 is about to escape. 6-8. Other forms of Podophryean Acineta'. as • 
figured by Stein : 6, 7. As treated with acetic acid ; the development of an embryo from 
the nucleus is shown in figs. 7 and 8. 9-14. Vorticclla-cysis, after Stein's figures. In 9 
the nucleus is resol red into monadiform germs ; 10, 11. Development of cyst-(3ontent8 into 
secondary cysfs, which are further seen in figs. 12 and 13 as become fusiform and protruded ^ 
through the w'all of parent cyst, so as to discharge their monadiform germs without, as seen 
in fig. 14. 15, 16. Acineta diademiformis, with its embryo. 17 -20. A. linguifera,’ or 
Acineta with the tongue-like process attributed to Opercularia berbcrinii ; 20 show^s an 
empty capsule. 21. A. digitate, or Acineta with the fingcr-liko processes. 22, 23. Acinete 
attributed by Stein to Opercularia Liehtcnstcinii ; -23. A specimen acted on by acetic acid, 
24,25. Actinophrys oculata ; 25 represents three individuals in the act of conjugation, 
treated with acetic acid. The contents of two lia ve intermingled ; a largo vacuole with food- 
part ides lies between them. The individual on tlio other side is simply coherent. (1-20, 
Stein.) 26, 27. Acineta ferrum-cquinum ; 27 shows the escape of tlie ciliated embryo. 
The horseslioe-shaped nucleus appears as a clear space. 28. Actinophrys Sol. 29,30. A. 
Kichhornii ; 30. A highly magnified section to show the reticulated structure. 31, 32. A. 
Sol: 31. In the act of self-division (conjugation?); 32 shows tlirce* vesicular expansions 
concerned in the introduction of food, and an encysted animalcule just brought to the 
surface. 33-35. Podophrya fixa ; 34. In act of fission ; 35. Segment becoming one inde- 
pendent and about to scjiarate. 36, 37. Encysted Podophrya*. 38, 39. Stages of Podo- , 
phrya towards encysting. 40, 41. Acineta; with embryos. 42, 43. Traustormation of 
the embryo into an Acineta, figured as commencing in 43, and as completed in 42. . 


PLATE XXIV. (Protozoa). 

Figures 274, 275. Laciymaria Proteus. 276, 277. Loucophrys patuls. 278. L. 
Spathula. 279,^0. L. sanguinea. 281. HolophryaOvum. 282,^3. Prorodon teres. 
284-286. Colcps hirtus. 287, 287*, 288, 289. Tracheliiis Anas. 290. T. Ovum. 
291-293. Loxodes Rostrum. 294. Bursaria Vorticclla. 295. B. Icucas. 296. B. Pupa. 
296*. Spirostomum virens. 297, 298. S. ambiguum. 299. Phialina viridis. 300- 
302. Glaucoma scintillans. 303-309. Chilodon Cucullulus. 310, 311. Nossula elegai;s. 
312,313. Amphileptus Anscr. 314-316. A. Fasciola. 317-319. Tracheloccrca Dior. 
320. T. biceps. 

PLATE XXV. (Protozoa). 

Figures 321-323. Aspidisca denticulate. 324-328. Kolpoda Cucullus. 329-332. 
Paramecium Aurelia. 333. Uroleptus Muscuius. 334, 335. Ophryoglena acuminata. 
336, 337. Oxytricha gibba. 338, 339. OerWidium cuneatum. 340, 341. Xerona 
polyporum. 342. Urostyla grandis. 343, 344. Stylonycliia lanceolate. 345, 346. 
Discocephalus rotetorius. 347, 348. Himantophorus Charon. 349. Chlaniidodon 
Mnemosyne. 350-35^. Euplotes Charon. 354, 355. Ptygura Melicerta. 356. Ich- 
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thvdiuTn Podura. 357, 358. ChactonotuB LaruB. 359, 360. Glenophora Ibochtis. 
361^64. CEcistes cryBtallinuB. 365-^70. Conochilus Yolvoz. 


PLATE XXVI. (PiiYTozoA). 

Tho following figures are derived from M. Bujardin’s excellent treatise, * Histoiro dee 
Infusoires ’ l^gure 1. Iloxamita nodiiloB& 2. Antliophjsa MiiUeri. 3, 4. iL^dncta 
tuberosa ; in 4 the cilia included. 5. Ileteromita ovata. 6. Crumenula texta. 7. Poly- 
selmis viridis. 8. Anisonema sulcata. 9 a, b, Oxyrrhis marina. 10 a^h. Plceolia vitrea. 
11. lioleroncina marina. 12 a, b. Zyzoselmis ncbulosa. 13. Peranoma globulosa. 14. 
Cyclidium distortum. 15. C. al^cissum. 16 a, b. Acomia Cyclidium ; b, self-dividing. ^ 


PLATE XXVII. (Protozoa). 

Figures 1-9. Vorticclla microstoma : 1. With a bud growing from its base ; 2. A 
specimen about to detach itself from its stalk, and having a posterior wreath of cilia ; 3. Self- 
division proceeding ; in 4 complete ; 5 A, <?, d, Encyeting-process ; 5 e. A cyst ruptured b^ 
preasuro, giving exit to the included Vorticella, apparently unchanged ; 6 . Supposed transi- 
tional forms from rudimentary campanulate organisnis to Undoubted Vorticellm ; 7-9. 
Process of encysting, and progressive disappearance of special organs. 10-15. Vaginicola 
crystallina: 10. Sei^division ; 11. One of the ■fission-products contracted and ready to 
escape by means of its posterior wreath ; 12-15. Acinctaj formed from Vagiiiicolse. 16-23. 
Epistylis nutans ; 16: Two individuals on a stem ; the ciliary apparatus protruded in one, 
contracted in the other ; 17, 18. Supposed Acinctie; Aeincta-body of the Epistylis; in 17 
tho wavy outline indicates tlie contrac*tions taking place in the integument ; in 18 the out- 
fit ret died ciliary fibres or processes, two nuclei, and a large contractile vesicle are visible ; 
19, Another such body, with its surface much contracted, and its contained substance 
wasteil by the development of embryonic nuclei ; 20. Another figure assumed by the 
Acineta-body ; 21. The ultimatieljjr withered state arrived at by the Acineta-body of an 
Epistylis, after the exliaustion of its contained formative blastema by tho repeated produc- 
tion (>f embryos ; 22, 23. Very young forms (probably) of tbe Epistylis nutans, and appa- 
rently the Epistylis Botryiis of Ehrenbcrg. 


PLATE XXVIIT. (Protozoa). 

Figures 1-3. Nassula ambigua; 1. Undersurface; the two long articulated filaments 
within are portions of Oscillatoriie ; e, vesicle ; «?, nucleus ; 2. Encysted specimen ; 3. Ani- 
malcule forced from its cyst by pressure. 4-7. Glaucoma scintillans : 4. Under surface ; 
5. An encysted being, seen in 6 undergoing transverse fission, wliich in 7 appears oblique, 
owing to a change of position of the resulting segments. 8, 9, Prorodon teres : 9. Its nucleus 
fiurmouniwl by a rim-like nucleolus. 10. Stylonychia Mytilus. (I-IO, Stein.) 11-15. 
Nassula elegans : in 11 internal germs occur in a cavity (uterine) communicating externally 
by a canal (oviduct) ; 12. Germ loosing itself from tho parent ; 13. A fission-product 
enclosing a germ ; 14. Germ developing Acinetiform tentaedes ; 15. Nucleus terminated 
at its narrow end '^y a nucleolus. 16. Steutor Miillori, surrounded by an envelope with 
monads in its interior ; 17. Same, animal contracted in its case. (11-17, Cohn). 18, 19. 
Vaginicola Vidvata. Tho valve is seen closed at h in fig. 18 ; fission has occurred both in 
tliis and in 19, but tho animal is contracted in the former, and expanded in the latter 
example; in 19 the valve appears os a streak parallel with one side. 20-23. Lagotia 
viridis : 20. Head of a yoimg individual ; 21. Lateral view of animal and of its ciliated 
head ; 22. Tip of one of tho lobes of ciliated heail ; 23. Animal with front view of head. 
( 1^-23, Wright.) 24-26. Otostoma : the oral cavity is seen as an ear-shaped space ; in 25 
two vesicles also are seen opening externally. (Carter.) 27-30. Cccnomorpha Medusula. 
31. Panophrys griseola. 32. Ilabrodou curvatiis. 33, 34. Blepharisma hyalina. 35. 
Cinelochilum mnrgnritaccum. 36, 37. Cyclogramma rubens. 38, 39. Sticliotricha 
secunda. 40-42. Ptyxidium oviilum ; in 42. A(!t of fission. 43, 44. Sticliotricha 
Becunda. 45. Colobidium pellmdduni. 46,47. Mitopbora dubia. 48,49. Apioiiidium 
modestiim. 50, 51. Lembadion bulliiium. 52-54. Baionidinm remignns. 56-57. 
Opislliiotricha tenuis. 58-60. Megatricha partita. 61. Acropisihium mutubilo. 62, 63. 
Siagontherium tenue. (27-63, Periy.) 64 a-Zr. Encholys Farcimcii, illustrating change of 
form consequent on the introduction of food. 65- 71. Nassula viridis : 65. Natural form, 
X370 ; 66, 67. Cysts; 70, 69,68,71. Development of cyst-contents into monadiform 
germs, enclosed witliin saccular thecu;, and at length discharged externally as in fig. 71 : 
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X300 (Cionkowsky). 72, 73. Encholp Pupa. 74-76. Stylonychia pustulate : 74. the 
animalcule encysted, X<K)Q. 76, 76. Koteting cells within the cysts, x220 (Cicnkowsky). 


^ PLATE XXIX. (Protozoa.) 

Fi|;ure 1. Vorticella C^pani^^la, viewed from the ventral ifSpect. 2. Carchesium 

S olypmum, viewed in front and directly upon the ciliated disc : the mouth ; <?, the anus. 

i Scypliidia limacina. 4. Opcrcularia berberina; seen from tlie back. 5, 6. Ch£ctos])ira 
Mullen : 6 represents the animal in motion. 7. Stentor polymorphus, showing vascular 
canal around the head and along one side. (1-7, Laclimann.) 8-13. S. cieruleus, and its 
Buppo^ internal germs or embryos in diiferent stages of dovclopnient (Eckhard). 14, 16. 
Trichodina Pediculus : 14. A lateral view ; 15. Anterior extremity. 16. T. mitra. 17. 
T. Pediculus, a dead, distended specimen. (14-17, Stein.) 18. Stylonycliia pustulnta, 
encysted (Stein). 19, 20. Amphileptus fasciola: seen enijysted in lig. 19, and as escaped 
from the cyst in fig. 20. 21-24. Oxytricha Pellionella: *21. Encysted; 22. Cyst acted 
upon by hydrochloric acid ; 23. Animal revived in its cyst prior to its escape ; 24. The 
free animal. 25-34. Paramecium (Loxodes, Cohn) Bursaria, its structure and develop- 
ment ; 26 to show circulation of contents ; 26. Portion of integument highly magnified ; 
(19-2(5, Cohn;) 27. Transverse fission; 28. Nucleus seen at c, the nucleolus at d; 29- 
Embryo attached to the nucleus ; 30. Embryo escaped but still adherent by acinetiform 
tentacles; 31. Nucleus and altaclicd nucleolus separated by acetic acid ; 32, 33. Nucleus 
and nucleolus during fission of animal ; 34. Nucleus, nucleolus, and commencing embryo. 
36-47. Kolpoda Cucullus, illustrating its forms and development : 37. Acted on by alcohol, 
to bring its nucleus into view ; 38. An animal contracted into a spherical shape ; *39. A 
similar one undergoing fission; 40. Encysted Kolpoda; 41. Same, in act of fission; 42. 
Fission completed ; 43. Specimen treats with alcohol ; 44. Cyst-contents divided into 
four ; cyst-wall soft and irregular ; 45. Embryo escaping from a cyst ; 46. A ruptured 
cyst giving exit to encysted germs, as seen in 47. 48-59. Chilodon Cuciillulus : 48 b. Tho 
so-called dental cy Under ; e, nucleus and nucleolus ; 49. A specimen with a largo upper 
lip, equivalent to C. unciuatus (Ehr.) ; 60. Transverse, and 61. Longitudinal fission ; 62. 
Contracted prior to encysting ; 63, Cysts; in 54 an embryo developed ; Appa- 
rently laminated cyst discharging its contents ; 66, 67. An empty cyst, with the aperturo 
through wliich its contents have escaped remaining ; 58. A cyst containing a parent animal 
and an embryo; 69, A liberated embryo, equivalent to Cyclidium Glaucoma (Ehr.). 
(2(W9, Stein.) 


PLATE XXX. (Protozoa, after Stein). 

Fig^ures 1-4. Opercularia arlieulata : 2. A highly magnified view of tho head ; 3, 4. 
Supposed Acinetae of this species ; an embryo shown in fig. 4. 5-8. Oplirydium versatile ; 
In 5 the animal is seen extended, and in 6 contracted; 7. Encysted animal; 8. Its sup- 
posed Acineta. 9, 10. Carchesium polypinum ; 10. A highly magnified view of its stem. 
11. Epistylis crassicollis. 12. Cothurnia curva. 13, 14. C. Siel^ldii : 14. A side view. 
16, 16. C. Astaci : 16. Animal contracted. 17-26. Spirochona gem mi para, and its develop- 
ment: 17 exhibits a gemma ; 18-20. Progressive development of the spiral head in a 
gemma ; 21. Encysted gemma ; 22. Supposed Acineta (the Dendrocometes) in its early stage ; 
23. As fully developed ; 24. Embryo (seen in 23) set free ; 26. A Dendrocometes, without 
arms, but with a contained embryo ; 26. A free embryo revolving on its long axis. 27, 28. 
Spirochona Scheutenii; 28. After the action of spirit of wine. 29-36. Lagenophrys 
Vaginicola, its structure and development : In 29 a gemma is seen in the act of fission ; m 
30 the animalcule has its rotatory apparatus retracted ; 31 shows the detachment of tho 
hc^ of the animal from tho mouth of its sheath, to allow escape of a gemma ; 32. Act of 
fission ; 33. Formation of a gemma at posterior extremity ; 34. Several gemmcB enclosed ; 
35, 36. Act of fission ; complete in fig. 36, where the parent segment is detached from the 
oriffee of the sheath, leaving a portion of its interior extremity. 37. Opcrcularia micro- 
stoma : A, extended ; b, contracted. 


PLATE XXXI. (Protozoa). 

FigfUres 1-4. Bursaria leucas, and the position and structure of the trichocysts found 
in its integument: 1. x90; 2. Diagram ofthS margin, to show position of tricho^sts in 
tlie dermid layer ; 3. Trichocysts projected from the surface after the appHcaiion of acetic 
acid ; 4. Det^h^ spiral trichocysts in the second stage of evolution from elongated oval 
corpuscles (Allman). 6-6. Corethria Septularhe : in 5 the two sorts of processes are both 
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seen ; that in the right is the normal form ; 6. More magnified view of the fusiform prooess, 
showing the terminal depression or aperture. 7->13. L^otia producta, its structure and 
development: 7. Animm extended, in 8 contracted; 9, 10, 11. Larva or embryo; 10 
represents it attached; 12. Diagram of structure of the sheath, showing the ectoderm 
(colletoderm) at a, the chitinous tube at and the endoderm at c ; <^ ])oints out tiie'jBtlNle 
of overlapping of the several segments of tube ; 13. Highly magnified view of a portion of 
tube. 14,15. Zooteirea religata : 14. Animal expanded ; 15. Co^acted. (5-15, Wright.) 
16-20. Peridinium uberrimum: 17. Seen on opposite side to^at shown in 1^; 
Transverse fission ; 19. Same specimen after the application of solution of iodine;' 20. 
Nucleus isolated (Allman). 21, 22. F. dopressum : A side-, 22. A front-view. 23. 

P. longipcB. (16-23 after Bailey.) 24-27. Dystcria aimata:* 25. Parts of mouth ; 26, 27. 
Process between two styles : 26. A front-, and 27 A side-view (Huxley). 28. Turbanella 
hyalina, dorsal view: d, the muscular ODsophagus; ff, testis; / mature egg; e, ovary 
( X350). 29, 30. ChfiBtonotus maximus : 29. Dorsal view ( x350) ; 30. A lateral view. 
31. Ideal section of Turbanella hyalina through the generative organs. (28-31, Schultze.) 
32-39. Noctiluca militaris : (32. N. punctata, Busch : . n, oral cavity or hilum ; b, sharp- 
bordered rod ; c, nucleus ; rf, proboscis [cilium] ; /, Jbrown corpuscles, after Busch ;) 
33. Front view, «, the tooth; b, oral aperture; c, position of supposed anus (after 
Webb) ; 34. Dorsal view, showing the groove ; and 35. A latero-inferior view, displaying 
the oral cavity with the tooth, d; the cilium a goatric pouch, e; and a presumed anal 
aperture (Huxley) ; 36-39 (after Busch) : 36. A germ in process of development ; 37. 
Brown granular body, seen at / in fig. 32 ; 38. A germ ; 39. Further advanced, acquiring 
the characters of a Noctiluca. 


PLATE XXXII. (Rotatoria). 

Figures 371, 372. Microcodon Clavus. 373. Cyphonautes comprossus. 374-378. 
Mcgalotrocha albo-davicans. 379-382. Tubicolaria Najas. 383, 383*. Stcphanoccros 
Eiclihomii. 384, 385. Floscularia • ornata. 386, 387. Meliccrte ringens. 388-392. 
Limnios Ccratophylli. 393. Euteroplea Ilydatina. 394. Hydatina senta. 395, 396. 
Plcurotrocha gibba. 


PLATE XXXIII. (Rotatoria). ^ 

Figures 397, 398. Furcufea Roinhardtii. 399 & 417. Monocerca bicomis. 
-400-402, & 425. Folyarthra platyptera. 403. Diglena lacustris. 404, 405. D. 
. grandis. 406-408. Triarthra longiseta. 409. Riittulus lunaris. 410, 411. Distemmu 
Forficiila. 412 & 414. Triophthaliniis dorsalis. 415. Eosphora Najaa. 416. Notom- 
niata Copeus. 418-420. N. Myrmeleo. 421. N. Tigris. 422. Synchusta pcctinata. 
423, 4^. Scoridium longicauda. 


PLATE XXXIV. (Rotatoria). 

Fifi^es 425*, 426. Cycloglena Lupus. 427-429. Theonis vemalis. 430-433. 
. Lcpadclla ovalis. 434-437. Monostyla quadridentata. 438-*140. Mastigocerca carinata. 
441 444. Euchlanis ? triqiictra. 445, 446. E. Lynceus. 447-453. Salpina mucronata. 
454-456. Dinocharis Pocillum. 457-459. Monura diilcis. 460-462. Coliiriis deflexus. 

: 463-465. Metopidia Lc])adella. 466, 467. Stephanops lamellaris. 468, 469. Squa- 
mella oblonga. ^ 470-473. Callidina elcgans. 


! PLATE XXXV. (Rotatoria). 

S^gure 474. Hydrias comigera. 475. Typhlina viridis. 476-480. Rotifer vul- 

f aris. 481-484. Actinimis Neptunius. 4fe, 486. Monolabis conica. 487-489. 

'hdodina oculeata. 490. P. roseola. 491-494. Noteus quadricornis. 4^-497. 
i Anurssa Squamula. 498. A. stipitata. 499-501. Brachionus polyacanthus. 502-S04. 
Pterodiiia Patina. 505. P. clypeata. 


PLATE XXXVI. (Rotatoria). ' 

Figure 1. Melicerta ringens, protruded and fully expanded, with the upper part of its 
tube at a ; b, one of the tactile tubes ; the circular disc at c is tlie pellet-cup ; at m are the 
jaws and gizzard (ossophageal head) ; and below, the stomach ; c, a much loss magnified 

3 4 
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81 ^'imen, partiallj protruded from its tube, which is liere shown entire, x300. 2. lim- 
nias Ceratophylli : die end is protruded bejond the smooUi tube or sheath ; at e is the 
projecting chin. 3. Notommata aurita, viewed laterally, contracted : it exhibits the (eso- 
phageal head and jaws (6), the intestine, the large ovarium, the contractile sac below, the 
graM-like ganglionic mass in the head(^), and the tortuous vessels on each side, running 
the length of the body. 4. The same animal extended and rotating ; the car-like ciliated 
appendage, whence the specific name, is seen on each side of the head. 4 a. The ciliated 
lobes of the rotary organ ; b, the gizzard, with its jaws ; g, the cerebral (?) mass ; glands 
above the stomach; o, largo matured egg in the ovary. 5. Notommata aurita, viewed 
dorsally, the viscera omitt^, to show trie muscular system; the transverse muscles are 
seen at f, and the longitudinal, crossing them, at I ; the grape-like ganglionic mass 
appears -connected with spccnal muscles, as also the gizzard, traced in dotted outline, and 
the telescopic-working tail or foot (A); the looped band at the head (o) indicates the 
tubular cavities in the head-mass. 6. The same animal, showing chiefly its watcr-vascular 
system ; the large sac near the bottom of its cavity (e) is the contractile bladder, from 
w'liich proceed, on each side, convoluted tubes (tortuous vesicles) furnished with tremulous 
ivspiratory tags, as near a; the transverse muscular bands seen at t. 6*. The dental 
appiiratus of the gizzard as seen in action. 7, 8. The male of Asplanchna priodonta ; 
7, s. V. ; 8. f. V. 'Jho cavity is seen occupied chiefly by the large testes in fig. 7 ; tlie 
sperm-duct is represented opening externally at the pointed base. 9. The female of 
Asplanchna prioclonta: at a are the gill -like fissures; a largo oral cavity opens into a 
narrow ccsophagus, which ends below in a stomach. One of the strong longitudinal 
muscles is displayed, also tortuous vessels and ciliated tags, with an ovary. 10, 11. The 
jaws of the iVsplanchna detached. 


PLATE XXXVII. (Rotatoria). 

Figure 1. Stephanoceros Eicliliomii : sheath; A, pharynx; c, provent ricnlus, or 

crop ; dy maxillary head with jaws ; e, stomach with largo glandular cells ; intestine or 
rectum ; g^ ovary with contained ova {g at pedicle indicates the longitudinal muscles in 
that segment) ; respiratory canal and tags. 2. Ovary and the enveloping membranous 
sac, or uterus, extending from it, containing ova in different stages oi development : (/, 
stroma of ovary with inherent ova ; the darker segment probably indiijatcs the position of a 
winter ovum develo])ing; ovum dividing; c, ovum in which division of yelk has been 
several times repeated ; (/, an ovum in which the rude outlines of the embryo are distin- 
guishable, the two eyes at (f, and the sac with the so -(tailed urinary concretion at X:; / 
points to the uterine or ovarian enveloping membrane. 3. A very young Steplianoceros. 
4. An embryo of Stephanoccros immediately after its exit from the shell. 5. An ovum of 
Laoinularia. 6. Another ovum of the same, its yelk in process ol fission. 7. A portion 
of the ovary of the satne, with four conteincjd ova. 8. An ovum of tlie same, in which 
division has been repeated several times. 9. Another ovum, wherein fission has been 
repeated until the yelk is broken up into a number of cells. 10. A young •embryo of 
Lacinularia immediately after its exit from the egg. 11, Another embryo, further developed. 

12. Termination of a tentacular process of McHccrta ringehs, showing the piston-like disc, 
capable of ndraction by a iiiuscular band affixed to it, and suinnounted by a brush' of cilia, 

13. A view of the same procjess, with the brush of (dlia extended. 14. The same, with the 
cilia retracted. 15. An embryo of Melicerta ringens, whicli has attached itself and has 
commenced the formation of its case or sheath. 16, An embryo of the same animal as it 
appears when swimming freely. 17. Melici^rta ringens, fully (ievelo^jed, wiXh tlie lobes or 
petals of its ciliary wreath (a) fully expanded ; A, uncini ; c, ciliated process, representing 
a fifth lobe; dd^ tentacula, as shown in figs. 12, lil, 14; r, jaws; g^ lower or second 
stomach ; X, intestine ; X:, coloured globides ; /, suctorial end of pscudopodium ; muscles ; 
w, gland ; o, ovum. 18. Two miiscular fasciculi, sliowing transverse markings. 19. 
Lacinularia socialis: fl, pharynx; />, maxilla:, or jaws; r, muscular crop; rf, stomach; 
f, fower segment of stomach, terminating in a narrow re(Aum and anus at if\ g^ a glan- 
dular (?) process ; X, ovary ; respiratory canal ; X, pedicle (Huxley). 20. Maxillie of 
Lacinularia socialis. 21. Winter ovum in act of division. 22. Segmentation of a 
portion of the ovary, of a different character from the rest, in process of forming a winter 
ovum. 23. Maxillic of Melicerta ringens, in bulb. 214. Winter ovum of Lacinularia. 
25. A portion of ovary of Notommata centrura : a, the homogeneous germinal spot ; A, the 
clear areola around it ; c, yelk -matter. 26. Maxillsc of Melicerta ringens. 27. Winter ovum 
of Asplanchna Sicboklii treated with solution of soda. 28. Winter ovum in its natural 
state. 29. Male of Asplanchna Sicboldii, viewed from the abdominal surface : a a, the 
anterior short arms ; b A, the posterior longer arms ; c, testis, or spermatic sac, filled with 
spermatozoa ; d, water-vascular canal. 30 a, b, c, d^ e, f. The corpuscles of the preceding 
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at c represent the earliest stage of the spermatic i>articles ; those at a the mature, iiicludmg 
the roa-like particles. 31. The maxillie of Asplaiiclina Sieboldii; the striated muscular 
bands moving them are very distinct. 32. The female of Asplanchna Sioboldii <r, 
pharynx ; A, cells of stomach ; c, horseshoe-shaped ovary ; cZ, saccular or uterine portion 
of oviduct, or ovarian sac, with contained mature ovum ; e, f:ontractilo vesicle ; tags of 
w|ter-vascular canal ; Xr, ditto ; muscular (?) cushiotr within ciliary wreath supporting 
spines. 


PLATE XXXVIIT. (Rotatobia). 

Figure 1. Rotifer inflatus, body extended ; rotary apparatus withdrawn. 2. The 
same Rotifer, with the hom-like appendages of its rotary apparatus expanded. 3. The 
same Rotifer, strongly contracted into a globular form. 4. Pliilodina erythrophthalma, in 
a contracted condition, as foiuid when dried. 5. Euclilanis triquetra, viewed on the under 
side : u points to the lining membrane of the lorica in which the muscles are inserted ; 
A, muscles; c, ganglionic enlargement; respiratory tube; r, areolar tissue of head; 
/, ccsophagus, or tube between maxillary he<‘id and stomach. 6- Aniinra heptodon. 7. 
Broehiunus rubens, the young just emerged from the shell. 8-10. B. Bakeri : 8. Young 
from the egg; 9. Summer egg; 10. WinU^r egg. 11. Notommata ceiitrura, a portion of 
the respiratory tube, with the ciliary tags witliin. 12. Termination of a tag, with the 
oilium within. 13. A portion of a watcr-vascjular canal, wdth ciliated tags of Asplanchna 
Sioboldii. 14. Diagram of head of Braehioims polyacunthus, viewed from the mouth 
side. 15. Diagram of head of the saiiio, viewed from above. 16. A jiortion of the cerebral 
ganglion and of the nerves proceeding from it, and the eye consisting of two portions. 
17. flye of Bracliionus Bakeri, d(*tached. 18. Eye of Euchlanis unisetata. 19. Eye of 
Caligus. 20. Diagram of head (troclial disc) of Pliilodina. 21. Diagram of same, viewed 
from the mouth side. 22. Rattidus carinatus. 23, 24. Salpina spiuigera. 25. Notous 
qiiadricornis, dorsal view: r/, maxilhe; c, anterior spinous cornu of lorica; cc, posterior 
cornu; </, ovary; /, vesicle of water-vascular system; canal of ditto; A, stomoirh ; 
*, muscles. 26. Notommata centrura, dorsal view, surrounded by a mucous external 
envelope, and lined by a subtegiimentary lamina or dermis : A, antenna ; c', glandular sac 
around oesopliagus ; c/, elongated process of rotary organ, called the under lip ; r, tags of 
respiratory canal ; /, sf oinaoh, with large glandular cells of its wall ; (f, intestine ; A, ))an- 
crcatic glands ; vesicle of water-vascular or respiratory system ; Xr, cerebrum ; Z, canal of 
respiratory tube surrounded by a granular coat; o, ovary; p, ovum; «, muscular bauds; 
q, chitinoiis lining of OBSophagus ; r, transverse muscles. 27. Brachionus Bakeri : a, lorica 
or carapace; A, posterior horns; c, anterior horns; cZ, lobes of trochal disc; c, siphon or 
antenna; / gastric canal or oesophagus; y, convoluted respiratory tube; Z, pancreatic 
glands. 28. Asplanchna priodonta : a, longitudinal muscles ; A, cssophagus ; c, stomatih ; 
</, ovary; r, pharynx.’ 29. Pterodiria Patina, foot not shown: av^ convolutions of respi- 
ratory canal ; A, longitudinal striated muscles. 30. Polynrthra plalyptera : a, ciliated 
1 uberciilar processes of head ; c, compound feathery processes used as locx)motivo organs ; 
</, matm^ ovum adherent externally ; w, striated longitudinal muscles. 31, 32. Poly- 
chaetus subquadratus. 33. Maxillse of Notommata vermieu laris, w'ith the red eye, con- 
sisting of two portions (o^). *34. Maxillae of Hydatina sente. 35. Maxillae of Albertia 
vermicdlaris. 36. Albertia vennicularis, x2(X). (Figured after Dujardin, Huxley, Leydig, 
and Perty.) 


PLATE XXXIX. (Rotatoria). 

Figures 1-3. Lindia torulosa: 1. Rotary organ retracted; 2. Dental apparatus of 
ditto; 3. Rotary organ expanded. 4-7. Euchlanis dilatata: 4. Female, lying on its 
back, abdomen upwards ; 5. Male, lying on its back ; 6. The granular heap from a young 
male; 7. Male, lying on its abdomen. ^ 8 , 9. Notommata para.sita (^Khr.): 8. Male; 
9,. Female. 10-20. Brachionus urcoolaris: 10. A summer ovum in tlie act of fission; 
11. The embryo escaping from a summer egg, with rupture of shell ; 12. A young male 
after its escape from the egg ; 13. A male escaping from the egg ; 14. A yoimg male, 
older than fig. 12 ; 15. Foin^o, rotary organ fully expanded ; 16. Female, with four male 
eggs in different stages of development attach^; 17. Female, rotary organ retracted, 
tentacular process (calcar) protruded; 18. Female, lateral view; 19. Maxillary bulb 
(mastax), with teeth in position ; 20, A winter, ephippial, or lasting ovum. 21-^. Bra- 
chionuB militaris : 21. Female, lying on its ba^ ; 212. Female, lying on its abdomen ; 
23. A winter ovum ; 24. A male ovum. (Cohn*.) 
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PLATE XL. (Rotatoria). 

Figure 1. Hjdatina sonta, female, lateral view ; a, dorsum and oral cavity, extending ' 
to an apex at 6 ; e, mastax with maxillie ; cf, canal between mastax and stomach ; /, cloaca 
orifice ; vesicle ; A, ovary ; 2 , coils of respiratory tube ; Xr, cerebral gangUon ; ciliatec . 
tactile fossa; longitudinal mi\^les. 2. Enteroplea Hydatina, the male of Ilydatiiiif 
senta. 3. Ova in an immature state, as found in the imimprcgnatcd ovary of Hydatini'- 
senta : a, germinal spot ; A, germinal vesicle ; c, membrane of ovum occupied with granule;' , 
yelk-matter. 4. The lining membrane of stomach of Ifydatina senta, everted, showing I 
cilia. 5. Vibratile tag, supported on its pedicle, attached to the respiratory canal. 6. The ; 
male sexual organs (of Enteroplea Hy^tina) detached, and highly magnified: penis; i 

6, gland surrounding its bag ; c, vesicles with granidcs ; </, fold of integument surrounding 
penis when retracted. 7. Detached spermatozoa. 8. Stephanops muticus, seen fron*. ■ 
beneath. 9. Same, side view. 10. Another view from beneath, or the ventral surfacr . 
11. Brachionus Dorcas, female, newly born. 12. Same, male, newly born (Gossc). 
13. B. Miilleri (male) : «, head mass ; b, eye ; c, muscles ; d, posterior mass ; r, sperm- 
sac ; /, urinary concretion ; foot. 14. B. Pala, male, newly born. 15. Same, male 
egg, nearly mature. 16. B. Bakeri. 17. Sacxmlus viridis, male, newly born. 18. Same, , 
female, with male ova atta<dicd. 19. Bracliionus angularis, male. 20. B. urceolaris, 
mastax and dental apparatus, ventral asxK;ct: tf, mastax; malleus; c, manubrium; 

articulation ; a, uncus ; /, incus ; g^ ramus ; fulcrum ; /, muscle connecting the uncus 
with the ramus; j, muscle for extending the malleus; /, muscle for throwing in tl:3 
manubrium ; muscle for bending the malleus ; buccal funnel ; salivary glands ; 
o, alula. [These letters have the same signification wliere met with in the following figun j 
after Qosse:] 21-23. B. lu-ccolaris; 21. Jaws viewed nearly from above; 22. Dental 
apparatus, lateral aspect; 23. Buccal funnel, salivary glands, mastax, and denial appa- 
ratus, dorsal aspect. 24. Diglena forcipata, jaws closixl, ventral aspect. 25. Floscularia 
oruata, jaws, dorsal aspect. 26. The same, frontal aspect. 27. Stephanoccros Eich- 
hornii, jaws, dorsal aspect. 28. Some, uncus, oblique aspect. 
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Acariacum, 503. 
'Achnanthf<p^ 872. 
Aclinanihes, 873. 
Achnantliidium, 872. 
Acineria, (529. 

Afififla, 504. 

Anncfindy 504. 

Aconiia, 013. 
Acropistliium, 614, 
AvtinlscexBy 935. 
Acliniscus, 935. 
AciinocycluB, 8il3. 
Actinogonium, 813. 
Actinophryinay 243, 558. 
Aciinophrys, 559. 
Aciinoptyclius, 839. 
Actiniirua, 704. 

Alastor, 571. 

Albcrtia, 093. 

Alhcrtkm^ 093. 

Alyscuiii, 015. 
Amblyoplua, 541. 
Amoeba, 548. 

Ammhma^ 548. 
Ampbicampa, 705. 
Amphimonas, 498. 
Amphileptus, 0€3(>. 
Ampliipcnias, 858. 
Ampbiplcura, 783. 
Ampbiprora, 921, 
Ampbitetras, 857. 
Amphora, 880. 

Anaulus, 859. 

Ancyrium, 501. 
AngulifereeB, 852. 
Anisonema, 512. 
lAol^istrodesmus, 752. 
Anthophysa, 500. 
Anurira, 707. 
Apionidium, 015. 
Aptogonum, 723. 

• Aracbnoidiscus, 841. 
Arcolla, 554. 

Arcellina, 551. 
lArthrodesmus, 736. 
Arthrogyra, 822. 
Aspidisca, 631. 


Aspidiscina^ 631. 
AapLinchna, 691. 
Astasia, 539. 

AsfaHitPo^ 188, .5.38. 
Asterionella, 779. 
Astcrodiscus, 838. 
Asterolampra, 830. 
Astorompbalus, 8.36. 
Attbcya, 863. 
Aulacodiscus, 84^3, 938. 
Auliscus, 84.5. 

Bacillaria, 715. 
Baoillaria, 784. 
Bacteriastrum, 863. 
Bacterium, 532. 
Bsconidium, 614. 
Berkeleya, 926. 
Biblarium, 80.5. 
Bidduipbia, 847. 
BiddulphiccBy 846. 
Blepbarisma, 028. 
Bodo, 496. 

Brachionaaf 706. 
Bracbionus, 709. 
Brightwellia, 940. 
Bursaria, 620. 

Gadium, 5.58. 

Calia, 5:^.1. 

Callidina, 701. 
Calodiscus, 8(^. 
Campylodiscus, 798. 
Carchesium, .5^. 
Cepbalosipbon, 670. 
CeratauluB, 846. 
Ceratidium, 642. 
Ccratium, 577. 
Ceratoneis, 782. 
Cercomonas, 497. 
Chtefocerea^ 860. 
Chaetoceros, 861. 
Cheetoglena, 575. 
Chictomonas, 573. 
Chfetonotus, 661. 
Choetospira, 597. 
Chatotyphla^ 575. 


^Cbilodon, 624. 

Cbilomonas, 49.5. 
Chlamidodon, 646. 
ChlarnydococcuB, 522. 
Cblamydomonas, 146, 521. 
Cbromatium, 502. 
Cbloraster, 494. 
Cblorogonium, .543. 
Cbonemonaa, 513. 

CiLIATA, 568. 

Cinetochilum, 030. 
Cladogramma, 814. 
Clenodon, 684. 
Clim^osphenia, 772. 
Olosterium, 746. 

Cohalinay 571. 

CocconeidetBy 867. 
Cocconcis, 867. 

Cocconema, 877. 
Coccudiua, 648. 

CcelaBtrum, 7.55. 
Ccenomorpha, 597. 
Colaciuin, 544. 
Collctonema, 926. 

Colepinay 616. 

Coleps, 616. 

Colpoda, 632. 

Colobidium, 615. 

Colpodea^ 631. 

Colurus, 698. 

Conochilus, 664. 

Coretlma, 563. 

Comuspira, 558. 

Corycia, 550. 

Coscinodiscea, 827. 
Coscinodiscus, 827. 
CoBmariuin, 731. 
Cosmocladium, 752. 
Cotbuniia, 003. 
CraspedodiscuB, 831, 939. 
Crumenula, 511. 
Cryptomonadina, 140, 505. 
Cryptoglena, 509. 
Cryptomonas, 507. 
Cydidina^ 571. 

Cyclidium, 497, 572. 
Cycloglena, 690. 



960 


INDEX TO THE FAMILIES AND QENEEA OF INFUSOEIA. 


Cyclogramma, C30. 
Cyclotella, 811, 937. 
Cylindrotheca, 940. 
Cymatoploura, 793, 940. 
Cymbolla, 875. 
CymbelUiBy 875. 
Cymbosira, 875. 
Cyphidium, 555. 
Cyphoderia, 557. 

Dasydytes, 661. 
Dendrosoma, 562. 
Denticula, 773. 
Desmidiacets^ 715. 
Desmidiete^ 715. 
Desmidium, 723. 
Dcsmogonium, 789. 
Diadcsniis, 923. 
Diatoma, 778. 
JDiatontacets^ 756. 
DiatonuKB^ 756. 
Siatomella, 810. 
Dickieia, 925. 
riicladia, 863. 

Dictyoolia, 935. 
Dictyblampra, 813. 
Didymopriuin, 723. 
Difflugia, 553. 

Diglena, 687. 

Diieptus, 638. 
Dimeregramma, 790. 
Dinema, 546. 
jyinohryina^ 546. 
Dinobryon, 547. 
Dinocharis, 698. 
Diophrys, 648. 

Diplax, 695. 

Diploneis, 892. 
Dipodina, 713. 
Disoocephalus, 645. 
Disoosira, 822. 
lliselmis, 511. 

Disoma, 608. 

Distcmma, 689. 
Distigma, 544. 
Docidium, 744. 
Donkinia, 920. 
Doxococcus, 495. 
Drepanomonas, 513. 

Emydium, 713. 
Enchelia, 605. 

Enchelys, 607. 
Kncyonema, 879. 
Endictya, 831. 
Enteroplea, 677. 
Entoihoneis, 921. 
Entopyla, 810. 
Eosphora, 689. 

Ephclota, 562. 

Epipyxis, 546. 

Epistylis, 588. 
Epithemia, 759, 938. 
Eretes, 501. 

Euastrum, 728. 
Eucampia, 937. 


Euchlanidota^ 693. 
Kuchlanis, 695. 
Eudorina, 520. 
Euglena, 541. 
Euglcntea^ 188, 538. 
Euglyplia, 556. 
Eiuiotia, 762. 
Eunotiete, 759. 
Eunotogramma, 860. 
Euodia, 852. 
Euphyllodium, 772. 
Eupleuria, 809. 
Euplotes, 646. 
Euplotina^ 64.5. 
Eupodiscete^ 842. 
Eupodiscus, 842, 938. 
Eutreptia, 546. 

Floscularia, 674. 
FloscnlariiBa, 665. 
Fragilaria, 776. 
EragilarietB^ 773. 
Frustulia, 924. 
Furcularia, 679. 

Gastrochseta, 61.5. 
Qenicularia, 721. 
Gcphyria, 809. 
Glaucoma, 624. 
Glcnodinium, .578. 
Glenomorum, 494. 
Glenophora, 662. 
Gloeococcus, .524. 
Gomphogramma, 806. 
Gomphonema, 886. 
Gomphonemea, 886. 
Gonatozygon, 721. 
Goniothcciuni, 864. 
Gonium, 152, 517. 
Grammatophora, 807. 
Grammonema, 777. 
Gromia, 5.56. 

Grymasa, 503. 

Gygcs, .516. 
Gyrosigma, 915. 

‘Habrodon, 614. 
Ilalionyx, 83J3. 
llalteria, 644. 
llarmodiruB, 629. 
Heliopelta, 840. 
Hemiaulus, 8.51. 
Hemidiscus, 852. 
Hercotheca, 866. 
Hetcromita, 499. 
Heteronema, 54.5. 
KetcroBtephania, 833. 
Hcxamita^ 499, 
Himantidium, 765. 
Himantophorus, 646. 
Hirmidium, 528. 
Holophrya, 612. 
Homceocladia, 784. 
Hyalodiscus, 814. 
Hyalosira, 804. 
ITyalotheca, 722. 


Hydatina, 677. 
Hydatinnea^ 677. 
Hydrias, 702. 
Hydronvorinay 503. 
Hydroscra, 852. 

Ichfhydina^ 660. 
Ichthydium, 661. 
Insileila, 827. 
Isthmia, 851. 

Kerona, 642. 

Kolpoda, 632. 
Koipodea^ 631. 
Kond^dostoma, 62?P 

Labidodon, 682. 
Lacernatte, 924. 
Tjacinularia, 670. 
Lacrymaria, 609. 
Dngcnella, 509. 
Lagcnophrys, 604. 
Lagotia, 60.5. 

Lagynis, .5.58. 

Larclla, 712. 
Lccquereusia, .5.57. 
Ijcmbadion, 629. 
Ijepadella, 694. 
Lcptocjyslinema, 722. 
Lcu(*ophrys, .571, 610. 
Licmophora, 77 1 , 
Licmophoreof, 768. 
Limnias, 670. 

Lindia, 693. 
Liosiphon, 626. 
Liostephania, 813. 
Liparogyra, 823. 
Lithodesniium, 937. 
Loxodes, 019. 
Loxophyllum, 639. 
Lysicyciia, 815. 

MacrobiotuB, 714. 
Mallomonas, 501. 
Mastigocerca, 69.5. 
Mastogloia, 924. 
Masiogonia, 813. 
Megalotroclia, 665. 
MegalotrocJuea^ 664. 
Mogatrichn, 614. 
Melicerta, 672. 
Melosira, 81.5. 
Melosirets^ 810. 
Menoidium, .502. 
MeridietB^ 766. 
Mcridion, 767. 
Mesocena, 936. 
Metallactcr, 537. 
Metopidia, 699. 
Micrcutcriaa, 725. 
Microcodon, 665. 
Microglena, 493. 
Micromega, 929. 
Microthcca, 937. 
MilneBium, 714. 
Mitophora, 644. 
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Monadina, 130, 485. 
Monas, 489. 

Moiiema, 927. 
Monooerca, 680. 
Monogramma, 875. 
MonoJabis, 704. 
Monost^yla, 695. 
Monura, 698. 

Nassula, 625. 
Naunoma, 927. 
Navicula, 892, 938. 
Nayriculetgf 892. 
Nitzschiu, 779, 940. 
Noieus, 707. 
Notogonia, 700. 
Notoiiimaln, 081. 

Octoglona, 690. 
Odoiiddium, 775. 
Oclontodiscus, 832. 
(Eoistcs, 06.3. 
iKcisHnay (i03. 
Oinphalopolta, 841. 
Oni^Jialotlicca, 805. 
Oii(! 08 plienia, 708. 
Opalina, 509, (J27. 
Opulhmay .500. 
Opercularia, 592. 
Ophidomonas, 509. 
Ophrydma^ 598, 
Ophrydiuin, 599. 
Ophryocercina, (k’iO. 
OphryodiJiidron, 568, 
Opliryoglcna, 0t*i8. 
Opistliiorricha, 014. 
Otoslonia, (539. 
Oxytriclia, 0*K). 
OiVf/fric/r/no, (>39. 
Oxyrrliia, 512. , 

Pam pli aguSj55 1 . 
Pandoriija, 157, 517. 
Panophrys, 627. 
I’antotrichuin, 573. 
Paraiiscciimi, 634. 
l\di(istre<€^ 24, 752. 
Pcdiastruni, 754. 
Pclcfida, (>29. 
Poniiim, 750. 
Perancina, 54,5. 
Peridhiiaa, 574. 
Peridiiiium, ,576. 
Pcriptera, ^5, 
Peristepbania, 824. 
Psritliy^«J42. 
Peronium, 501. 
Phacidomunas, 494. 
Phacotus, 513. 
Phacus, 511. 
Phialina, 623. 
Philodina, 705. 
PhilodirKeaj 700. 
Plilyctajnia, 925. 
PlIYTOZOA, 48,5. 
Pinnularia, 892. 


Plagiognatha, 692. 
Plagiogramma, 773. 
Plagiotoma, 571, 627. 
Pleurodesinium, 860. 
Pleuromotias, 502. 
Pleuronema, 639. 
Plcurosiphonia, 915. 
Pleurosigma, 915. 
Pleurotrocha, 679. 
Plccolia, 512. 
Plocsconia, 647. 
Podocystia, 772. 
Pododisciis, 815. 
Podophrya, 561. 
Podosira, 815, 938. 
Podoaphenia, 769. 
■Polyarthra, 686. 
Polyselrais, 540. 
Polytoma, 504. 
Ponipholyx, 712. 
Porocyclia, 823. 
Porpeia, 850. 
Proroccntrum, 609. 
Prorodoii, 612. 
Prorostauros, 915. 
PuOTozoA, 199,647. 
Pseudo-diMugia, 557, 
Pterodina, 711. 
Ptygura, 661- 
Ptyxidium, 615. 
Pyxidiculo, 824. 

Baitulus, 688. 
Rhabdomonas, 503. 
Rhabdonema, 804. 
Rliaphido^loDa, 925. 
Rhaphoncis, 791. 
Rhipidophora, 769. 
Rhizofoda, 243. 
Rliizouotia, 885. 
Rliizosolenia, 865. 
Rotatojua, 392, 649. 
Rotifer, 702. 

Salpina, 697. 
Sacculus, (562. 
Scaridium, 686. 
Scenodcsmiis, 753. 
Sceptroneis, 772. 
Scliizonema, 927. 
iSchizomme<ey 924. 
Scypliidia, 596. 
Hiagonihcrium, 614. 
Sorastriim, 755. 
Spathidiuni, 611. 
Sphrerosira, 524. 
Splnrrozosina, 723. 
S{>henclla, 886. 
Sphenoderia, 557. 
Sphonosira, 892. 
Spirillina, 554. 
Spirillum, 53^1. 
Spirochflcto, 5^13. 
Spirochoiia,* 596. 
SpiTOdieous, 537. 

. Spiromonas, 502. 


Spirostomum, 622. 
Spirotienia, 751. 
Spondylomorum, 505. 
Spondylosium, 724. 
Sporonema, 637. 
S^quamella, 700. 
Squamulina, 558. 
Staurastrum, 737? 
Staurogramma, 915. 
Stauroneis, 911. 
Stauroptera, 911. 
Staurosira, 791. 

Stenior, ,^>81. 
Stcphanoceros, 668. 
St-cphanodiscus, 823. 
Siephauogonia, 814. 
Stcplianoma, 529. 
Stcphanops, 699. 
Stephanopyxis, 826. 
Stephanosira, 823. 
Stephanosplujera, 164, 529. 
Stiehotricha, 644. 
Stigmaphora, 923. 
Striatclla, 803. 

StriatcUeegy 803. 
Stylobiblium, 605. 
Stylonychia, (543. 

Surirella, 794. 

SurirelletBy 783, 940. 
Symbolophora, 833. 
Synaphia, 528. 

Synchieta, 685. 

Syncrypta, 519. 

Synmrclia, 879. 
Synaendrium, 866. 
Synedra, 78,5. 
i^nedreiJSy 940. 

Synura, 519. 

Syringidium, 866. 
Systephania, 832. 

Tabellaria, 807. 
Taphrocampa, 692. 
Tardioraua, 713. 
Tardi^’ada, 714. 
Terpsiiiob, 859. 

• T'erpidnd&Sy 858. 

Tessella, 804. 
Tetmemorus, 746. 
Tetracliastrum, 724. 
Telracyclus, 8()6. 
Tctraniitus, 501. 
Tctrasiphon, 713. 

Thoorus, 690. 

Tintinnus, 600. 

Toxonidia, 920. 
Traohdinay 616. 
Trachclius, 618. 
Trachelocerca, 630. 
Traclielomonas, 510. 
Trepomonaa, 499. 
l’'riarthra, 688. 
Triceratiiini, 853, 939. 
Tric'hoda, 6()8. 

Tricliodiiia, 583. 
Trichodiscus, 561. 
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Trichompoafl, 500« 
Trinema, 556. 
Triophthalmus, 689. 
Triploceras, 747- 
Tr^lionella, 7^. 
Trypemonas; 513. 
Turbanelli^ 381 . 
TubicolarOT 868. 
Tjphlina, 702. 

Urceolaria, 596. 
Urocentrum, 585. 



Urofflena, 520. 
UrofeptuB, 637. 
Uronema, 615. 
UroBtyla, 643.’ 
Uvella, 492: 


Taginicola, 601^ 
Va^inifera, 598. 
Vibrio, 532. 
Vibrionia, 184, 529. 
Volvocina^ 144, 514. 


VortioeUi, 585, 
Vorticellina, 579, 


Xanthidiuni,. 
Xanthiopyxii^ 826. 


Zooglcea, 537. ' 
Zooteirea, 563. • 
Zoothamnium, 594 
ZygooeroB, 850v 
Zygoseli^S^. 


THE END. 
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